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ABSTRACT 

This is a report of a reconnaissance study of the Quaternary 

geology of an area in northwestern Minnesota. Surface geology was 

studied in an area extending from Grand Forks, North Dakota, in the 

northwest to Bemidji, Minnesota, in the southeast, an area of 10 723 

square kilometres (4140 square miles). Near-surface stratigraphy was 

studied in the area of surface study and an adjacent area of equal 

size to the south. 

Surface materials mapped range in age from Pleistocene to 

Holocene and include glac~al, glaciofluvial, lacustrine, bog, eolian, 

and alluvial sediments. 

Sixteen power-auger test holes, two measured sections along 

the Red Lake River, two composite sections from earlier drilling pro

grams and surface exposures were used to characterize seven near

surface lithostratigraphic units in the area. From oldest to young

est they are unnamed unit 1, unnamed unit 2, the Marcoux Formation, 

and the St. Hilaire Formation. These units are largely glacial sedi

ment and pre-Wisconsinan or Early Wisconsinan in age. The Red Lake 

Falls Formation and the Huot Formation are largely glacial sediment 

and Wisconsinan and latest Wisconsinan in age. The Sherack Forma

tion is largely lacustrine sediment and is latest Wisconsinan and 

Holocene in age. The lithostratigraphic units present are differ

entiated by means of their texture and coarse-sand lithology. 

xi 



During the Pleistocene an unknown number of glaciations occurred 

before the deposition of the glacial sediments of the oldest litho

stratigraphic unit observed, unnamed unit 1. Three pre-Wisconsinan or 

Early Wisconsinan glaciers deposited the glacial sediments of unnamed 

unit 1, unnamed unit 2, and the Marcoux Formation over the entire area. 

Wisconsinan glaciers advanced into the area, flowed around the Itasca 

Highland, and retreated twice, depositing the glacial sediment of the 

St. Hilaire and Red Lake Falls Formations. The late Wisconsinan and 

Holocene lake sediments of the Argusville, Wylie, and Sherack Forma

tions were deposited in Lake Agassiz during the retreat of the glacier 

that deposited the Red Lake Falls Formation and the advance and retreat 

of the glacier.that deposited the Huot Formation. Lake. Agassiz drained 

at about 9500 BP. 

xii 



INTRODUCTION 

Purpose of Study 

This report is a summary of a reconnaissance of the Quaternary 

geology of an area in northwestern Minnesota. The surface geology of 

the study area was mapped, and the near-surface stratigraphy was 

studied. The information and interpretations from this study and 

from other studies in adjacent parts of Minnesota, North Dakota, and 

Manitoba provide insight into the Pleistocene history of the Upper 

J:1idwest. 

Area of Study 

Two different areas are considered here: a surface study area 

and a subsurface study area. The Grand Forks-Bemidji area, the area 

of surface study, is located in northwestern Minnesota. It is bounded 

on the west by the Red River of the North and e:xtends east to 94° 30' 

west longitude. The area is bounded on the north by 48° north lati

tude and extends to the south to 47° 30' north latitude (Figure 1). 

The area of surface study contains about 115 townships or about 10 723 

square kilometres (4140 square miles). Parts of Polk, Pennington, 

Clearwater, and Beltrami Counties and all of Red Lake County are 

included in the study area. 

The area of subsurface study in th_is report consists of the 

Grand Forks-Bemidji area and an adjacent area of equal size to the 

south. The subsurface study area is bounded on the west by the Red 

1 
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Fig. 1. Location of the Grand Forks-Bemidji Area (cross
hatched) within the north half of the subsurface study area. 
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River of the North and extends east to 94° 30 1 west longitude. The 

subsurface study area is bounded on the north by 48° north latitutde 

and on the south by 47° north latitude (Figure 1). 

The Grand Forks-Bemidji area contains a variety of geomorphic 

features. The Lake Agassiz plain and shoreline complex dominate the 

~estern and northern parts of the area. Collapsed glacial topography 

· and outwash features are present in the central and eastern parts of 

the area. 

The study area spans the boundaries between the prairie in the 

west, deciduous forest in the central part, and conifer-hardwood forest 

in the east. 

Previous Work 

Two early geologists who studied at least parts of the study 

area were Warren Upham and Frank Leverett. Warren Upham did recon

naissance geologic mapping of Minnesota from 1872 to 1895. He and 

H. H. Winchell, the first Minnesota State Geologist, published papers 

that dealt mainly 'With descriptions and interpretations of local land

forms (Wright, 1972). Upham 1 s major contribution to the understanding 

of the Pleistocene history of the region was his study of glacial Lake 

Agassiz (Upham, 1896). 

Frank Leverett, a United States Geological Survey geologist, 

worked in Minnesota during the period from 1906 to 1912. Leverett's 

surficial maps of Minnesota are still the only surficial maps of the 

entire state (Leverett, 1915; Leverett and Sardeson, 1917; Leverett 

and Sardeson> 1919). Leverett summarized his work in a United States 
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Geological Survey professional paper, Quaternary geology of Minnesota 

and parts of adjacent states (Leverett, 1932). 

A 1933 publication by C. C. Nikiforoff, a United States Depart

ment of Agriculture pedologist, produced reconnaissance soil maps of 

all the western Minnesota counties adjacent to the Red River of the 

North. Nikiforoff's soil maps accurately detail shoreline complexes 

of Lake Agassiz. Nikiforoff's contribution to an understanding of 

regional Pleistocene history was his alternate interpretation of the 

history of Lake Agassiz (Nikiforoff, 1947). 

The glacial history of Minnesota has been summarized by H. E. 

Wright, Jr., in The Quaternary of the United States (Wright and Ruhe, 

1965). A more recent summary in The Geology of Minnesota (Wright, 

1972) uses a detailed stratigraphic study in southwestern Minnesota 

by Charles L. Matsch (1971), 

Several stratigraphic studies of Pleistocene sediments have 

been conducted in the region. Mark M. Fenton has developed a strati

graphic framework for Quaternary sediments in southeastern Manitoba 

(Fenton, 1974). Similar studies have been done in northeastern North 

Dakota (Salomon, in press), the Red Lake River area of Minnesota 

(Harris, 1973), and the Red River Valley of North Dakota and Minne

sota (Harris and others, 1974). 

Concurrent with this study similar studies are being conducted. 

by Donald K. Sackreiter (in preparation) in the south half of the sub

surface study area, and Howard C. Hobbs (in preparation), in north

eastern North Dakota. A detailed study of the stratigraphy of Lake 

Agassiz sediments is being conducted by B. Michael Arndt (in prepara

tion). 
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Field Methods 

Surface geology 

Mapping of the surface geology began in the spring of 1973 and 

was completed by the fall of 1974. County highway maps, scale 1:126 

720 (1 inch: 2 miles), from the Minnesota Department of Highways were 

used as base maps for the field study. Base maps for the preliminary 

and final versions of the surficials maps were United States Geological 

Survey 1° by 2° topographic maps> scale 1;250 000 (1 inch: 3.95 miles). 

Stereoscopic aerial photographs were used to produce field maps 

of the study area. For the western half of the Grand Forks-:Semidji 

area Army Map Service aerial photographs, scale 1:58 940 (1 inch: 

0.93 miles), flown in August 1952, were used. For the eastern half 

of the area aerial photographs from Mark Hurd Aerial Surveys, Inc., 

scale 1:86 400 (1 inch: 1.36 miles), flown in April 1969, were used. 

Soil maps were used where available to aid in lithologic interpreta

tions of aerial photographs (Nikiforoff, 1933). 

Field maps were field checked by driving most of the passable 

roads in the study area. Lithologic information was gathered by 

sampling surface exposures or by the use of a hand auger in areas 

of poor exposures. 

A preliminary map was compiled at the final scale (1:250 000), 

and problem areas were again field checked. 

Subsurface geology 

Subsurface data used in this study were in part gathered in 

connection with a detailed study of the Pleistocene stratigraphy 
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exposed along the Red Lake River, Minnesota (Harris, 1973). In addition 

to the measured sections in river cutbanks, five shallow power-auger test 

holes, as much as 24 metres (80 feet) deep, were drilled in 1971. These 

data were supplemented by six deep power-auger test holes, as much as 

46 metres (150 feet) deep, and six shallow power-auger test holes in 

1973 and 1974. 

The field procedure used in all test drilling included the on

site description and collection of samples from power~auger cuttings. 

In general either al metre (3 foot) or. a 1.5 metre (5 foot) sample 

interval was used. 

Laboratory Methods 

Textural data 

All surface and subsurface samples were analyzed for content of 

sand (2 mm to 1/16 mm), silt (1/16 mm to 1/256 nun), and clay (less than 

1/256 mm). Textural analysis was conducted in the North Dakota Geologi

cal Survey sediment laboratory. Results were compiled, and means and 

standard deviations were calculated for each lithostratigraphic unit 

present in the study area. Tabulation of the results of the textural 

analysis for surface data is in Appendix I. Tabulation of the results 

of the textural analysis for subsurface data is in Appendix II. 

Coarse-sand lithology 

All surface and subsurface samples were analyzed for content of 

crystalline- and metamorphic-rock types, carbonate-rock types, and shale 

rock fragments in the coarse-sand (1 mm to 2 mm) fraction. The coarse

sand fraction was separated from the samples during textural analysis. 
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The proportion of each lithologic group was determined by studying indi

vidual sample fractions under a binocular microscope. Other material 

present in minor amounts in the coarse-sand fraction included lignite, 

wood, shell fragments, chert, sandstone, secondary carbonates, iron 

oxides, gypsum, and pyrite. The coarse-sand fractions counted ranged 

from 100 to 1500 grains but averaged about 400 grains. Tabulation of 

the results of coarse-sand lithology analysis for surface data is in 

Appendix I. Tabulation of the results of the coarse-sand lithology 

analysis for subsurface data is in Appendix II, 



SURFACE GEOLOGY 

Surface Map 

The surface geology of the study area is presented on the map 

"Surficial sediments of the Grand Forks-Bemidji Area~ 11 (Plate 1). 

This map is a lithologic and genetic map of the surface sediments in 

the study area at a reconnaissance scale (1:250 000). The map units 

are descriptive lithologic units that are genetically interpreted in 

the legend. 

Lithologic map units 

Eight lithologic map units were used on the map. These include 

silt and clay; sand, silt, and clay; sand; sand and gravel; pebble

loam; sand overlying pebble-loam; peat overlying pebble-loam; and peat. 

These map units were chosen because they best describe the range of 

sediments encountered in the area mapped. Lithologic units less than 

0.6 square kilometres (0.25 sqtiare miles) in area were not mapped. In 

general a minimtllll thickness of 1 metre (3 feet) was used as a mapping 

cutoff for these map units. 

Silt and clay 

This map unit indicates the location of material ranging from 

silty clay to clayey silt. The silt and clay contains little or no 

organic debris and is weakly to strongly laminated. This map unit is 

the dominant unit in the western part of the map. The silt and clay 

9 
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is interpreted to be offshore lake sediment deposited in the Lake Agassiz 

basin. 

Sand, silt, and clay 

The map unit indicates the location of variable amounts of inter

bedded sand> silt, and clay, and organic debris. It is generally poorly 

to moderately laminated. The sand> silt> and clay was deposited as 

fluvial overbank sediment in modern floodplains. 

Sand 

This map unit indicates the location of material that is mainly 

medium- to coarse-grained sand. The sand contains little or no organic 

debris and is variably bedded. In the western and northern parts of 

the study area> the sand is mostly of lacustrine_ origin and is associ

ated with the Lake Agassiz shoreline complex. In the southern and 

eastern parts of the study area, the sand is mostly fluvial meltwater 

deposits. Small patches of eolian sand are present in the Fertile, 

Minnesota, area. 

Sand and gravel 

This map unit indicates the location of material ranging from 

sandy gravel to gravelly sand. It is variably bedded and sorted, and 

contains little or no organic debris. In the western and northern 

parts of the study area the sand and gravel is moderately to well 

sorted and is found in curved ridges associated with the Lake Agassiz 

shoreline complex. In the central and eastern parts of the study 

area the sand and gravel is generally poorly sorted and interpreted 

to be esker complexes and other outwash deposits. 
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Pebble-loam 

This map unit indicates the location of a mi~ture of sand, silt, 

clay, pebbles, cobbles, and boulders in varying proportions. Pebble

loam is unbedded and unsorted. Pebble-loam is present in.thesouth

central and northeastern parts of the study area. Here the topography 

ranges from undulating to hummocky due to the collapse of the glacial 

sediment. Pebble-loam is also present in the north-central part of 

the area. where the topography is flat to undulating. Here the topog

raphy has been modified by the action of the waters of Lake Agas·siz. 

Sand over pebble-loam 

This map unit indicates the location of variable amounts of 

sand overlying pebble-loam. The overlying sand is as much as a metre 

(3 feet1 th.ick and covers more than one half of the surface area of 

the map unit. Sand overlying pebble-loam is present mainly in the 

western and north-central parts of the study area. Its occurrence 

is generally restricted to the shoreline complex of Lake Agassiz. 

Peat over pebble-loam 

This map unit indicates the location of variable amounts of 

peat overlying pebble-loam. The overlying peat is as much as a metre 

(3 feet) thick and covers more than one half of the surface area of 

the map unit. Peat overlying pebble-loam is presently mainly in the 

poorly drained lowlands in the north-central part of the study area. 

Peat 

This map unit indicates the location of dark brown or black 

partially decomposed and disintegrated organic material. Peat is 
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deposited in shallow stagnant bogs and marshes. Accumulations of peat 

are found in poorly drained areas throughout the study area. They are 

most commonly found in the northern one-third and eastern one-half of 

the study area. 

Genetic map units 

Seven genetic map units are used on the surface map to indicate 

the interpreted origin of the descriptive map units. These units repre

sent the results of the action of four geologic processes: glacial, 

fluvial, lacustrine, and eolian. 

Alluvial sediment 

This map unit indicates the location of interbedded sand, silt» 

clay and organic debris deposited as fluvial overbank sediment in modern 

floodplains. Alluvial sediment is poorly to moderately laminated. 

Eolian sediment 

This map unit indicates the location of wind-blown deposits of 

fine-grained sand. Areas of eolian deposits commonly contain stabilized 

dunes with some active blowouts. 

Bog sediment 

This map unit indicates the location of highly organic deposits 

accumulated in the shallow bogs and marshes com:mon in poorly drained 

areas. 

Lacustrine shoreline sediment 

This map unit indicates the location of nearshore sediments and 

shoreline sediments. The topography of the lacustrine shoreline 
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sediment is generally flat but includes curved .ridges. The generally 

flat areas contain sand and gravel or sand overlying pebble-loam. The 

sediments are variably bedded and are moderately to well sorted. The 

curved ridges contain sand and gravel. They are variably bedded and 

are moderately to well sorted. 

Lacustrine offshore sediment 

This map unit indicates the location of lacustrine sedi.lllent 

deposited in an offshore environment. The resulting topography has 

very low relief. The sediment deposited in this environment is mod

erately to strongly laminated silty clay and clayey silt. 

Glaciofluvial sediment 

This map unit indicates the location of fluvial bedload 

sediment deposited by glacial meltwater in or near glacial ice. 

The glaciofluvial sediment includes eskers, collapsed esker com

plexes, outwash plains, and other meltwater deposits. Glacio

fluvial sediment is largely sandy gravel or gravelly sand. It is 

variably bedded and variably sorted. 

Glacial sediment 

This map unit indicates the location of sediment deposited 

by glacial ice. The sediment was deposited directly by active gla

cial ice or by the melting of stagnant ice. The resulting topog

raphy is flat, undulating, rolling, or hummocky. The glacial 

sediment consists of pebble-loam with small amounts of sand and 

gravel. 
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Geomorphology 

A variety of geomorphic features is present in the Grand Forks

Bemidji area. The study area is divided into four main provinces based 

on the occurrence of these features (Figure 2). The Lake-Plain Province 

dominates the western edge of the study area. The Shoreline-Complex 

Province i.s present in the western area and dominates the northern part 

of the study area. The Glacial-Upland Province dominates the south

central and southeastern parts of the study area. The Outwash Province 

is present in the southeastern part of the study area. 

The Lake-Plain.Province 

The Lake-Plain Province is a low-relief plain. It is largely 

underlain by laminated silt and clay deposits in the Lake Agassiz 

basin (Figure 2). Geomorphological features in the province are 

subtle and best seen on aerial photographs, The most striking fea

ture in the Lake-Plain Province is the flat lake plain itself. Other 

geomorphological features present have an average relief of about a 

metre. Some of the other features present include compaction ridges> 

intersecting lineations, and stream channels. 

A compaction ridge may be seen in the Beltrami area of Polk 

County (Figure 3). The discontinuous ridge follows a sinuous course 

from southeast to northwest and is as much as 2 metres (7 feet) higher 

than the surrounding lake plain. The ridge is thought to be cored by 

bedload sediments of an ancestral Sand Hill River. These sediments 

were deposited before Lake Agassiz flq,oded for the last time. A venee·r 

of lake sediment covers most of the ridge. 
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Fig. 2. Geomorphologic provinces of the Grand Forks-Bemidji 
Area. 

1. Lake-Plain Province 
2. Shoreline-Complex Province 
3. Glacial-Upland Province 
4. Outwash Province 
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Fig. 3. Beltrami compaction ridge, Lake-Plain Province. 
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Intersecting lineations are commonly seen on the flat surface 

of the Lake-Plain Province, These lineations are low-relief ridges 

and grooves. Usually the lineations cannot be seen on the ground but 

are easily seen on aerial photographs (Figure 4). The lineations show 

a preferred northwest-southeast orientation. The intersecting linea

tions have been discussed by several authors since they were first 

observed by Herberg (1951). The most probable hypothesis is that the 

lineations are drag marks .formed by floating lake ice during a shallow 

stage of Lake Agassiz (Clayton and others, 1965). 

The Shoreline-Complex Province 

The Shoreline-Complex Province (F:i._gure 2} is a gently rolling 

to flat surface that has been shaped by lacustrine beach and nearbeach 

processes. The main geomorphologic features present in this province 

are beach ridges and wave-cut scarps. Other features include sand 

spits, peat bogs~ lake basins, and river trenches. 

The dominant features in the province are beach ridges 

(Figure 5). These features are curved ridges that rise as much as 

5 metres (16 feet) above the surrounding land surface. The sedi

ment in the ridges is moderately to well sorted sand and gravel. 

It is ripple cross-bedded to flat bedded. The beach ridges were 

formed at the margin of the glacial Lake Agassiz. The generally 

flat areas surrounding the beach ridges are composed of sand, sand 

overlying glacial sediment, and glacial sediment. The action of 

waves has reduced the relief on the. glacial sediment exposed in the 

area, and a residual layer of stones on the surface is common. 
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Fig. 4. Intersecting lineations, Lake-Plain Province. 
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Fig. 5. Beach ridges> Shoreline-Complex Province. 
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Wave-cut scarps are present in the Sho~eline-Complex Province. 

The most prominent and persistent wave-cut scarp is the Campbell scarp 

(figure 6). This scarp trends from north to south through the province 

and for most of its length is cut into glacial sediment. The Campbell 

scarp marked the shoreline of Lake Agassiz at the Campbell level. The 

Herman scarp, another prominent scarp, marks the boundary between the 

Shoreline-Complex Province and the Glacial-Upland Province. It is 

best developed in the north-central and northeastern parts of the 

study area, where it is as much as 30 metres (100 feet) high. The 

Herman scarp marked the shoreline of Lake Agassiz at the Herman level. 

The Glacial-Upland Province 

The Glacial-Upland Province is the largest province in the 

study area (Figure 2j. It is an undulating to htnnmocky surface of 

collapsed glacial sediment. A variety of geomorphic features are 

present in the province. They include eskers, esker complex, melt

water channels, hummocky glacial sediment, lake basins, and scarps 

marking glacial-sediment margins, 

Eskers and esker complexes are the most striking features in 

the Glacial-Upland Province (Figure 7). They are sinuous, discon-

tinuous ridges and complexes of ridges. The sediment in the ridges 

is generally poorly sorted and variably bedded sand and gravel. The 

sediment contains flat-bedded units and both large- and small-scale 

cross-bedded units. These ridges consist of fluvial bedload sedi

ment deposited by meltwater streams that flowed in or on the glacial 

ice. Esker complexes are scroll-like aggregates of eskers as much 

as 8 kilometres (Smiles) wide. Eskers and esker comple~es are 

variably overlain by collapsed glacial sediment. 
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Fig. 6. Campbell scarp, Shoreline-Complex Province. 
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Fig. 7. Eskers and esker complex~ Glacial-Upland Province. 
Photography by Mark Hurd Aerial Surveys. 
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Meltwater channels are common throughout the province. They 

are usually associated with the discontinuous course of eskers and 

esker complexes. Most meltwater channels have been overridden and. 

thus are poorly defined. 

The most obvious meltwater channel in the province is the 

McIntosh Channel. It trends south and west from Trail to Fertile 

in Polk County (Figure 8). This channel averages about 1.6 kilo

metres (1 mile) wide over its 60 kilometre (36 mile) length. The 

average depth of the channel is about 10 metres (33 feet1. The 

history and origin of the McIntosh Channel are discussed in detail 

by Moran and Clayton (in preparation1. Moran and Clayton suggest 

that the channel was formed by glacial meltwater flowing north into 

Lake Koochiching, an early lake in the Agassiz basin. Later the 

channel drained meltwater south from Lake Koochiching into Lake 

Climax, another early lake in the Agassiz basin. 

A discontinuous, generally obscure scarp marks the glacial

sediment margin at the boundary between the Glacial-Upland Province 

and the adjacent Outwash Province. A well developed section of this 

scarp is located about 8 kilometres (5 miles) northwest of Bagley in 

Clearwater County (Figure 9). The glacial sediment to the north of 

the scarp stands 15 metres (50 feet) above the adjacent outwash to 

the south. An esker complex trends southward toward the margin of 

the glacial sediment. At the glacial-sediment margin the esker com

plex was drained by a meltwater channel in the outwash sediment. 

The relationship of the glacial-sediment margin to the areal 

distribution of lithostratigraphic units will be discussed in the 

stratigraphic interpretations section. 
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Fig. 8. McIntosh Channel> Glacial-Upland Province. Photo
graphy by Mark Hurd Aerial Surveys. 
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Fig, 9. Well developed scarp along the. glacial-sediment 
margin near Bagley, Glacial-Upland Province. Photograph by Mark 
Hurd Aerial Surveys. 
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The Outwash Province 

The Outwash Province is a flat to undulating surface of sand 

and gravel in the south-central and southeastern parts of the Grand 

Forks-Bemidji area (Figure 2). The major geomorphologic features 

present in this province are outwash plains, meltwater channels, 

eskers, and esker complexes. 

The outwash plains are generally flat areas of sand and gravel 

(Figure 10). They were deposited by glacial meltwater streams draining 

ice-marginal positions. The sediments in the outwash plains are vari

ably bedded and moderately to well sorted. Bedding present includes 

mainly large a?d small scale cross-bedded units. 

The melb.zater channels, eskers, and esker complexes present in 

this province (Figure 10) are similar to those previously discussed in 

the Glacial-Upland Province. They consist of fluvial bedload sedimerrt 

deposited by meltwater streams draining ice-marginal positions. The 

sediment is generally poorly to mode:rately sorted and variably bedded. 

The bedding ranges from flat-bedded units to large- and small-scale 

cross-bedded units. 
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Fig. 10. Outwash plain, Outwash Province. Photography by 
Mark Hurd Aerial Surveys. 





SUBSURFACE GEOLOGY 

The subsurface geology of the Grand Forks-Bemidji area and an 

area of equal size immediately· to the south was studied. The subsur

face study area and the location of the data points are shown in 

Figure 11. 

Lithostratigraphic Units 

Seven lithostratigraphic units are recognized in test holes 

and surface exposures in the subsurface study area. There are six 

units of glacial origin and one unit of lacustrine origin. These 

lithostratigraphic units were characterized by their texture, coarse

sand petrology, and stratigraphic position (Table 1). Samples from 

16 power-auger test holes, two composite sections compiled from pre

vious drilling programs, and two representative measured sections in 

the Red Lake River trench were used to characterize the lithostrati

graphic units. Descriptive logs of all test holes, composite sections, 

and Red Lake River sections are contained in Appendix III. Tabulated 

textural and coarse-sand petrology data are presented in Appendix II. 

In addition to the seven lithostratigraphic units recognized in the 

test holes, five additional lithostratigraphic formations, recognized 

in earlier studies, are present in the subsurface in the western part 

of the study area. These lithostratigraphic units will be discussed 

from the oldest to youngest with respect to their distinguishing 

characteristics, source area, age, and correlation with the strati

graphic units of other workers in adjacent areas. 
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Fig. 11. Location of data points in area of subsurface study. 
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Table.l. Summary of te~tural and coarse-sand petrology data 
for lithostratigraphic units. 
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Lithostrati- ·charac- Texture Coarse-sand 
graphic unit teristic 1 itholorrv 

Sd Silt Clay I Xtal. co
3 

Sb. 

Mean 8 34 57 59 35 6 
Huot Fm. 

n,:::: 4 Standard 
Deviation 4.9 21.4 25.4 13.0 8.2 6.0 

Mean 37 42 21 58 37 5 

Red Lake Median ~ 37 42 20 56 38 4 
Falls Fm. ri 

' n = 15 24,36 tI.6 ,20, Mode 40 53 33,43 4 
37,39 129 ,31 I 

I 

11 
Standard ~ Deviation !, 9.7 5,1 6.7 7.0 6.9 4.1 

ii 
Mean ~ 

ll 
34 40 26 53 24 23 

Median 
Ii 

36 38 24 48 24 21.i. St, Hilaire ii 
ii 

Fm. h 

n = 9 Mode ~ - 37,38 23 - 24 24 
~ 

Standard H ,1 

Deviation u 8.4 5.2 7.0 13.2 5.5 10.9 ii 
Ii 

II 
Mean ij 50 35 16 82 16 2 

Median ~ 53.5 32 15.5 83 16 1 
Marcoux Fm. 

n == 12 11 I Mode 55,57 32 
15,16 

83,87 16 0 

' 
Standard I Deviation 9.0 5,0 8.1 7.1 4.9 2.7 

unnamed unit 2 I 
Mean 39 32 28 70 29 1 

n = 2 I 

unnamed unit 1 Mean 20 46 34 61 38 0 
n = 1 I 
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Unnamed unit 1 

This unit consists of unbedded glacial sediment. It is pebbly, . 

silty clay-loam. 

Two metres (7 feet) of this unit is present in test hole N-1916 

(Appendix III). Here the unit is composed of an average of 20% sand, 

46% silt, and 34% clay. The coarse-sand fraction contains an average 

of 61% crystalline- and metamorphic-rock fragmentsj 38% carbonate-rock 

fragments, and no shale fragments (Table l). 

This unit is one of two unnamed units which are present beneath 

the Marcoux Formation. Unnamed unit 1 underlies unnamed unit 2 and is 

the oldest lit~ostratigraphic unit recognized in test holes made during 

this study. Unnamed unit l contains an average of 20% sand, less than 

any other units present except the Huot Formation. The amount of 

carbonate-rock fragments present in the coarse-sand fraction is greater 

than any other lithostratigraphic unit encountered in the study area. 

It contains an average of less than one percent shale fragments 

(Table 1). 

The source area of this unit is unknown. The relatively high 

carbonate-rock fragment content suggests a north-northwesterly source 

area. 

The age of unnamed unit 1 is unknown, but stratigraphic posi

tion suggests it is pre-Wisconsinan or Early Wisconsinan in age. 

Unnamed unit 2 

This unit consists of unbedded glacial sediment. It is pebbly 

clay-loam. 
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Unnamed unit 2 is found in test holes N-1915 and N-1916 

(Appendix III). The unit averages about 4.5 metres (15 feet) thick. 

This unit is composed of an average of 39% sand, 32% silt, and 28% 

clay. The coarse-sand fraction contains an average of 70% crystalline

and metamorphic-rock fragments, 29% carbonate-rock fragments, and 1% 

shale fragments (Table 1). 

Unnamed unit 2 is significantly sandier than the underlying 

unnamed unit land significantly less sandy than the overlying Mar

coux Formation. The coarse-sand fraction contains fewer carbonate

rock fragments than unnamed unit land more than the Marcoux Forma

tion. It contains an average of 1% shale (Table 1). 

The source area of unnamed unit 2 is unknown. The ratio of 

crystalline- and metamorphic-rock fragments to carbonate-rock frag

ments suggests a north-northwesterly source area. 

The age of unnamed unit 2 is unknot-m, but stratigraphic posi

tion suggests it is pre-Wisconsinan or Early Wisconsinan in age. 

Marcoux Formation 

The Marcoux Formation consists largely of unbedded glacial 

sediment. It is pebble-loam. A fortnal description of the unit is 

contained in Late Quaternary stratigraphic nomenclature, Red River 

Valley, North Dakota and Minnesota (Harris and others, 1974). 

This unit is present in 13 test holes located throughout the 

area studied (Appendix III). Test holes rarely reached the base of 

the Marcoux Formation. An average thickness of 15 metres (50 feet) 

and a ~~ximum thickness of 44 metres (146 feet) was encountered. 

The :Marcom< Formation is composed of an average of 50% sand, 

35% silt, and 16% clay. The coarse-sand fraction contains an average 
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of 82% crystalline- and metamorphic-rock fragm~nts, 16% carbonate-rock 

fragments, and 2% shale fragments (Table 1). 

The Marcoux Formation includes the surface glacial sediment 

throughout the southeastern part of the study area (Figure 12). In 

most of the subsurface the Marcoux Formation is overlain by the St. 

Hilaire Formation. In the Red Lake Falls area the St. Hilaire For

mation is absent and the Marcoux is overlain by the Red Lake Falls 

Formation (Plate 2, Panel 1). The Marcoux Fonnation overlies unnamed 

unit 2. 

The characteristics that are most useful in identifying the 

Marcoux Formation are its relatively high sand content, abundant 

crystalline- and metamorphic-rock fragments in the coarse-sand 

fraction, and low shale content. The average sand content is 50%, 

higher than any other unit present, The coarse-sand fraction con

tains 82% crystalline- and metamorphic-rock fragments, more than 

any other unit present (Table 1). 

The Marcoux Formation is thought to have a north-northeastern 

source area because the coarse-sand fraction contains a large portion 

of Canadian Shield type rocks. 

The age of the Marcoux Formation is unknown, but stratigraphic 

position suggests that it is pre-Wisconsinan or Early Wisconsinan in 

age. 

The Marcoux Formation is correlatiod with the Vang Formation 

in northeastern North Dakota (Hobbs, in preparation). It is also cor

related with the Hawk Creek Till (Matsch, 1971) in the Minnesota River 

Valley of southwestern Minnesota (Harris and others, 1974) (Table 2). 
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Fig. 12. Surface exposure of the lithostratigraphic units in 
the area of subsurface study. 
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Table 2. Correlation of lithostratigraphic units present in 
the subsurface study area with stratigraphic units of workers in some 
other areas. 



NORTHEASTERN SOUTHEASTERN NORTHWESTERN RED LAKE I?ALLS AREA STUDY AREA SOUTHWESTERN 
NORTH DAKOTA MANITOBA MINNESOTA MINNESOTA NORTHWESTERN MINNESOTA 

H. C. HOBBS M.M.FENTON M.M.FENTON K. L. HARRJS AND OTHERS MINNESOTA C. L. MATSCH 
_.fi.!!.Prep_l!~ation) _{J974) ______ jJ 974) {1974} (1971} 

SD-SLT-CLY SD-SLT-CLY SD-SLT-CLY SD-SLT-CLY SD-SLT-CLY SD-SLT-CLY 
XT AJ,-C03-SH XT A.k~J:Sl-! XT AL-C_03-~H XT AL-C03-Sj1 XJ AL-~03-SH XT AL-C01:_SH 

Sherack Fin.,_ .Sherack Fm .. 
j>_gglar Ri"TI.f m. 

]J_cinj)_ach Till Brenna Fm. 
31-51-17 
30-69-0 

F ale oner Till Marchanq__JJIL _Marchand Till Huot Fm.!- Huot Fm. 
29-33-38 42-43-15 41-42-17 6-23-71 8-34-57 
35-24-41 41-59-0 45-54-l 59-35-6 

JY.ylie Fm.,_ 
J3,gseau Till Roseau TiH !b..R~_Lake Falls Fm. New Ulm Till 

32-50-18 37-41-23 35-41-24 Red Lake Falls Fm. 31-43-26 

34-66-0 32-62-5 51-34-13 37-42-21 27-23-45 
58-37-5 

Dahlen Fm. Scnkiw Tm Scnkiw Till L Red Lake Falls Fm._ .i:,. 
00 

32-35-33 59-29-11 48-38-14 44-36-20 
25-15-60 50-50-0 69-31-0 57.37.5 

. TolsloLl}IL 
25-53-22 
28-72-0 

Ga.rrl~LFm. Stuartburn Till Stua1tburn Till ~tJJilaire Fm. St. Hilaire Fm. Granite Falls Till 
27-34-39 41-45-14 30-46-24 38-42-20 34-40-26 38-43-20 

6-4-90 41-59-0 41-59-0 40-31-27 53-24-23 49-43.3 
Vang Fmc _Marcoux Fm. Marcoux FJI1_,_ Hawk Creek 1:ill _ 
36-40-24 54-33-13 50-35-16 51-38-11 
39-21-40 78-19-5 82-16-2 79° 12· I 

TiQ.er F.!!1,. .)Voodmore Till _Unnamed Unit 2 
27-38-35 29-49-22 39-32-28 
15-27-58 27-73-0 70-29-1 

Rosl!_ _ _Ti!L ~.9..sa Till_ Unnamed Unit l 
29-50-21 21-51-28 20-46-34 
42-58-0 39-61-0 61-38-0 
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St. Hilaire Formation 

The St. Hilaire Formation consists largely of unbedded glacial 

sediment. It is a pebble-loam. A formal description of the unit is 

contained in Late Quaternary stratigraphic nomenclature, Red River 

Valley, North Dakota and Minnesota (Harris and others, 1974). 

This unit is present in nine test holes located in all but the 

southeastern part of the area studied (Appendix III). An average 

thickness of 11 metres (36 feet) was encountered. 

The St. Hilaire Fonnation is composed of an average of 34% 

sand, 40% silt, and 26% clay. The coarse-sand fraction contains an 

average or 53% crystalline- and metamorphic-rock fragments, 24% 

carbonate-rock fragments, and 23% shale fragments (Table 1). 

The St. Hilaire Formation contains the surface glacial sedi

ment in a narrow band from the south-central part of the area studies, 

toward Bagley and southeastward toward Leech Lake (Figure 12). The 

St. Hi.laire Formation is overlain by the Red Lake Falls Fonnation 

throughout the northern and western parts of the area studied. 

The characteristic most useful in distinguishing the St. 

Hilaire Formation from other units present is its high shale con

tent. It contains an average of 23% shale fragments in the coarse

sand fraction, more than any other unit (Table 1). 

The St. Hilaire Formation is thought to have a west

northwesterly source area. The shale fragments are thought to have 

come from the Pierre and Riding Mountain Formations in eastern 

North Dakota and southern Manitoba. 

Based on stratigraphic position the St. Hilaire Formation 

is Wisconsinan or pre-Wisconsinan in age. 
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Fenton (1974) correlates his Stuartburn Till of southeastern 

Manitoba with the St. Hilaire. In northeastern North Dakota the St. 

Hilaire is correlated with the Gardar Formation (Hobbs, in prepara

tion). The Granite Falls Till of southwestern Minnesota (Matsch, 

1971) is thought to correlate with the St. Hilaire Formation (Table 2). 

Red Lake Falls Formation 

The Red Lake Falls Formation consists largely of unbedded 

glacial sediment. It is a pebble~loam. A formal description of the 

unit is contained in Late Quaternary stratigraphic nomenclature, Red 

River Valley, North Dakota and Minnesota (Harris and others, 1974). 

This unit is present in 15 test holes located in all but the 

southeastern part of the area studied (~ppendix III). An average 

thickness of 13 metres (42 feet) was encountered. 

The Red Lake Falls Formation is composed of an average of 37% 

sand, 42% silt, and 21% clay. The coarse-sand fraction contains an 

average of 58% crystalline- and metamorphic-rock fragments (Table 1). 

The Red Lake Falls Formation includes the surface glacial 

sediment throughout the central and northeastern parts of the area 

studied (Figure 12). In the northwestern part of the area it is 

overlain by the Huot Formation. 

The characteristics of the ~ed Lake Falls Formation that dis

tinguish it from other units are its stratigraphic position above the 

St. Hilaire Formation, its intermediate shale content (5%), and its 

loamy texture. Texturally the Red Lake Falls and St. Hilaire Forma

tions are quite similar. The lower shale content of the Red Lake 

Falls easily distinguishes it from the St. Hilaire Formation. The 
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Red Lake Falls Formation is considerably sandier than the overlying 

Huot Formation (Table 1). 

On the basis of coarse-sand lithology it.is thought that the 

Red Lake Falls Formation had a source area to the north-northwest. 

The Red Lake Falls Fonnation is thought to be Wisconsinan in 

age because of its stratigraphic position beneath the Huot Formation 

and its extensive surface exposure (Figure 12). 

In some outcrops along the Red Lake River and some test holes, 

two subdivisions can be distinguished within the Red Lake Falls Forma

tion. This distinction cannot be made consistently. No subdivision 

of the Red Lake Falls Formation is made in this report. Where the 

distinction is made, in the Red Lake Falls area, the lower unit is 

somewhat sandier and the upper unit is considerably more shaley 

(Harris and others, 1974). 

In northeastern North Dakota the upper part of the Red Lake 

Falls Formation is correlated with the Dahlen Formation (Hobbs, in 

preparation). In southeastern Manitoba the lower part of the Red 

Lake Falls Formation is correlated with the Senkiw Till and the 

upper part of the Red take Falls Formation with the Roseau Till by 

Fenton (1974). In southwestern Minnesota the New Ulm Till of Matsch 

(1971) is correlated with the Red Lake Falls Formation (Table 2). 

Huot Formation 

The Huot Formation consists largely of glacial sediment. It 

is slightly pebbly, silty clay-loam. A formal description of the 

unit is contained in Late Quaternary stratigraphic nomenclature, Red 

River Valley 1 North Dakota and Minnesota (Harris and others, 1974). 
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This unit is present in three test holes and one of the measured 

sections along the Red Lake River (Appendix III). An average thickness 

of 4 metres (14 feet) is present. 

The Huot Formation is composed of an average of 8% sand, 34% 

silt, and 57% clay. The coarse~sand fraction contains an average of 

59% crystalline- and metamorphic-rock fragments, 35% carbonate-rock 

fragments, and 6% shale fragments (Table 1). 

In exposure along the Red Lake !liver the Huot Formation is 

underlain by the Wylie Formation, a laminated silt and clay of lacus

trine origin (Harris and others, 1974). The Ruot Formation is the 

surface glacial sediment in a narrow band extending from the west

central part of the study area northeast through the Red Lake Falls 

area (Figure 12). 

The Huot Formation is easily identified by its stratigraphic 

position, texture, and coarse-sand lithology. It overlies the Red 

Lake Falls Formation and contains less sand and more clay than any 

other unit present in the area of study. The Huot contains more 

carbonate-rock than any of the other units present, except the Red 

Lake Falls Formation and unnamed unit 1 (Table 1). 

The Huot Formation was deposited by latest Wisconsinan gla

cial ice that flowed south in the Red River Valley. The Edinburg 

Moraine, a thickening of the Huot Formation, marks the southern 

limit of the Huot Formation (Arndt, in preparatio~). 

The Huot Formation is the lateral equivalent of the Falconer 

Formation in the northern Red River Valley (Harris and others, 1974) 

and northeastern North Dakota (Hobbs, in preparation}. In 
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southeastern Manitoba the Huot and Falconer Formations are correlated 

with the Marchand Till (Fenton, 1974) (Table 2). 

Sherack Formation 

The Sherack Formation consists largely of laminated offshore 

lake sediment. It is composed of interbedded silt and clay. A formal 

description of the Sherack Formation is contained in Late Quaternary 

stratigraphic nomenclature, Red River Valley, North Dakota and Minne

sota (Harris and others, 1974). 

The Sherack Formation averages between 4.5 to 9 metres (15 to 

30 feet) thick (Harris and others, 1974). 

The Sherack Formation is easily distinguished from other litho

stratigraphi.c units in the study area by its stratigraphic position and 

texture. In the southwestern part of the study area the Sherack is 

underlai.n by the Argusville Formation (Arndt, in preparation)_. In the 

northwestern part of the study area the Sherack is underlain by the 

Brenna Formation (Harris and others, 1974). The Argusville and Brenna 

Formations are massive, obscurely laminated clays of lacustrine origin. 

The Poplar River Formation occurs as scattered deposits of sand and 

gravel beneath the Sherack (Harris and others, 1974). The Sherack For

mation is exposed on the surface throughout most of the western part of 

the study area, except where the Huot Formation is at the surface 

(Figure 12). The Sherack Formation is only wide-spread, conspicuously 

laminated lake sediment present in the study area. Its interbedded 

silt and clay easily distinguish it from other lithostratigraphic 

units encountered. 
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The Sherack Formation is latest Wisconsinan and Holocene in age. 

It was deposited as offshore sediment in the Agassiz basin between 

10 000 and 9 500 BP (Harris and others, 1974}. 

No correlation of Lake Agassiz sediments is made in this paper. 

A detailed stratigraphic study of the Agassiz basin is being conducted 

by B. Michael Arndt (in preparation). 

Stratigraphic Interpretations 

The stratigraphy of the area is shown in a generalized cross

section that extends across the area from northwest to southeast 

(Figure 13). In general, progressively younger lithostratigraphic 

units lap up and around a local highland in the southeastern part of 

the area. This highland consists mainly of glacial sediment of the 

Marcoux Formation. 

Seven detailed cross-sections (Figure 14} have been constructed 

from test holes, composite sections, and Red Lake River sections (Appen

dix III). These cross-sections substantiate and elaborate the general

ized stratigraphic framework. Three east-west cross sections (Panels 1, 

2, and 3) and four north-south cross-sections (Panels 4, 5, 6, and 7) 

are contained in Plates 2, 3, 4, and 5. These cross-sections contain 

the basic hole-to-hole correlations. As a matter of convention, sand 

and gravel units separating units of pebble-loam were placed in the 

formation containing the overlying pebble-loam. 

The stratigraphic relationships of the Pleistocene sediments 

beneath the oldest lithostratigraphic unit encountered, unnamed unit 1, 

are unknown. Figure 13 shows that the total thickness of these sedi

ments probably ranges from about 12 metres (40 feet) to about 60 metres 
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Fig. 13. Generalized stratigraphy of the subsurface study area. 



X 
1600

1 

1200' 

GRANO 

FORKS 

400
1 

MENTOR 

I 
)( 

/ 

ZERKEL 

/ 

f 

. .,,. ,, 

. . 

------?-----

----............ / ,.- -- -.,,,, 

,/' ~ APPROXIMATE BEDROCK SURFACE / ,,,. .,,,, ,, --
94·3o'w. 

X 1-48'N K.: 11 1.- - I O 8 6 0 • • • 

• 

r- ·,- -p. N-47'N. 

x• 

25 km 

15.5 Mi. 

LITHOLOGIC UNITS 

SHERACK AND BRENNA FMa 

FALCONER FM./ HUOT FM. 
RED LAKE FALLS FM . 

ST. HILAIRE FM. 

MARCOUX FM. 

UNNAMED UNIT 2 

UNNAMED UNIT I 

x• 
1600

1 

WALKER 

' . . ---------
7 - -- ? . . 

1200' 

800
1 

40Q
1 

V, 

°' 



57 

Fig. 14. Location and panel numbers of detailed cross
sections. 
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(200 feet). The elevation of the undulating bedrock surface (Moran, 

1975} rises from about 600 feet in the northwest to about 1300 feet 

in the southeast. 

Little is known about unnamed units 1 and 2. The intermedi

ate content of crystalline-rock fragments and·the relatively high 

content of carbonate-rock fragments in the coarse-sand fraction 

(Table 1) suggests a north-northwesterly source area. It is thought 

that unnamed units 1 and 2 may be correlative with the glacial sedi

ment of the Wadena drumlin field to the south of the subsurface study 

area (Sackreiter, in preparation). 

The surface glacial sediment in the Itasca Highland in the 

southeastern part of the subsurface study area is in the Marcoux 

Formation. Drill holes in the Itasca Highland often encountered 

repetitive interval of sand and gravel separated by intervals of 

glacial sediment of the Marcoux Formation. Buried oxidized glacial 

sediments were encountered in Test holes N-1915 and N-1916 (Plate 4, 

Panel 5}. The repetitive buried oxidation zones and the sand and 

gravel units are interpreted as evidence of thrusting of glacial 

sediments near a glacial margin. The Itasca Highland is thought to 

be a morainic complex consisting largely of the Marcoux Formation. 

The St. Hilaire Formation is thought to have been deposited 

by a single advance of glacial ice from the northwest. The sediment 

of the St. Hilaire Formation most often encountered in test holes is 

a homogeneous, shale-rich pebble-loam. Sand and graval members of 

the formation are not uncommon. They are most conunon near the south

eastern limit of the formation in the study area (Figure 13). These 

sand and gravel members are thought to be meltwater sediments 
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deposited during the advance of the glacial ice that deposited the St. 

Hilaire Formation. 

The Red Lake Falls Formation contains the surface glacial sedi

ment throughout the central part of the subsurface study area (Figure 

13). The extent of the glacial sediment of this formation in the sub

surface study area is shown in Figure 13. In the Grand Forks-Bemidji 

area, the area of surface study, the southern limit of the glacial 

sediment of the Red Lake Falls Formation is marked by a discontinuous, 

generally obscure scarp. This discontinuous scarp marks th.e boundary 

between the Glacial-Upland Province, to the north, and the Outwash 

Province, to the south. (Figure 2). A well developed scarp along the 

southern limit of the Red Lake Falls· glacial sediment is located about 

6 kilo~etres (4 miles) north of Bagley (Figure 9). Meltwater discharged 

along this glacial margin flowed into a major meltwater channel that 

followed a southwesterly course along the glacial margin. The present 

day Clearwater River flows in this channel in the Bagley area. 

The surface sand and gravel in the Bemidji area (Plate 1) is 

thought to be Red Lake Falls outwash sediment. This sand and gravel 

extends north and west under the surface glacial sediment of the Red 

Lake Falls Formation (Plate 3, Panel 4; Plate 4, Panel 5). Figure 15 

shows the approximate e~tent of the overridden sand and gravel. In 

this area the thickness of the surface glacial sediment is variable, 

but generally ranges from about 3 metres (10 feet) to about 12 metres 

(40 feet). Overridden meltwater channels and esker complexes are com

mon in th.is area, and sand and gravel is commonly exposed at the sur

face. The sand and gravel underlying the surface glacial sediment is 
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Fig. 15. Surface exposure of lithostratigraphic units in the 
area of subsurface study. Cross-hatched area indicates the approximate 
extent of the overridden sand and gravel of the Red Lake Falls 
Formation. 
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thought to be overridden outwash sediment deposited along the margin of 

the glacier that deposited the Red Lake Falls Formation. 

North and west of the overridden outwash sediments, the glacial 

sediments of the Red Lake Falls Formation may be divided into·an upper 

shalier member and a lower sandier member in some test holes. This 

distinction is noted on the detailed cross-sections where it can be 

made (Plate 2, Panel 1; Plate 4, Panel 5> Panel 6; Plate 5, Panel 7). 

It is tempting to correlate the lower sandier member with the over

ridden outwash sediments, and the upper shalier member with the sur

face glacial sediment of the Red Lake Falls Formation. However> the 

distinction between the upper and lower members cannot be consistently 

made in the subsurface, and the surface data indicates the presence of 

a low-shale surface glacial sediment throughout the area of exposure 

of the Red Lake Falls Formation. For the purposes of this report the 

Red Lake Falls Formation remains undifferentiated. More detailed 

stratigraphy is needed to fully understand the relationship between 

the upper and lower members of the Red Lake Falls Formation. 

A moderately to well sorted, fine- to medium-grained sand is 

found beneath the glacial sediment of the Red Lake Falls Formation 

in some places in the northern part of the study area. This sand is 

present in test holes N-1011 and N-1914 and in the McIntosh, North 

composite section (Plate 2. Panel 1). A similar sand is present 

beneath 1.5 metres (5 feet) to 3 metres (10 feet) of Red Lake Falls 

glacial sediment in a borrow pit (S~, S~, SE% section 17, T-150N, 

R-34W) and in numerous poorer exposures in several surrounding town

ships (T-150N, R-33W; T-150N, R-34W; T-150N, R-35W; T-150N, R-36W). 

A similar sand is present at the surface in sections 10, 11, 15, and 
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15 of T-lSON, R-36W and along the southeastern ,and eastern margins of 

Lower Red Lake (Plate 1). Location of exposures and detailed distribu

tion of the aand on tribal lands of the Red Lake Indian Reservation was 

not possible because access to the reservation to field check airphoto 

. maps could not be gained. This apparently widespread sand unit is 

thought to be lacustrine shoreline sand associated, at least in part, 

with ponding of meltwater in the Agassiz basin before the deposition 

of the Red Lake Falls Formation. 



QUATERNARY HISTORY 

The Quaternary history of the area of study will be discussed 

event by event from oldest to youngest. 

Glaciers advanced and retreated over the study area an unknown 

number of times, depositing the glacial sediment that probably occurs 

beneath the oldest glacial sediment present in test borings> unnamed 

unit 1 (Figure 13). 

Glacial ice advanced over the study area and retreated twice, 

depositing the glacial sediment of unnamed units 1 and 2 (Figure 16). 

This glacial ice is thought to have flowed out of the Winnipeg lowland 

(Figure 17). The coarse-sand petrology of these units suggests a· 

north-northwesterly source area (Table 1). 

The glacial ice of the Rainy and Superior Lobes advanced over 

the study area from the northeast (Figure 17) and retreated, depositing 

the Marcoux Formation (Figure 16). The coarse-sand petrology of the 

Marcoux Formation (Table 1) suggests a northeasterly source area. How 

far south this ice lobe extended is not known, but it is thought to 

have extended at least to southwestern Minnesota. At its maximum 

extent the glacial ice of the Rainy and Superior Lobes is thought to 

have eroded the Wadena drumlin field in pre-existing glacial sediment. 

A recessional ice margin is thought to have formed the morainic com

plex in the Itasca Highland. 

Glacial ice that deposited the St. Hilaire Formation advanced 

into the area of study during the Early Wisconsinan (Figure 16). The 
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Fig. 16. Schematic time-distance diagram showing periods of 
deposition of formations present in the study area. 
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Fig. 17. Quaternary events in the study area and adjacent areas. 

a. Pre-Wisconsinan advance of glacial ice from the Winnipeg low
land. Deposition of unnamed units 1 and 2. 

b. Pre-Wisconsinan advance of Rainy and Superior lobes from the 
northeast. Deposition of the Marcoux Formation (study area), Vang Forma
tion {northeastern North Dakota), and Hawk Creek Till (southwestern 
Minnesota). Lines show position and orientation of Wadena drumlin field. 

c. Early Wisconsinan advance of the Napoleon Glaciation from the 
northwest. Deposition of the St. Hilaire Formation (study area), Gardar 
Formation (northeastern North Dakota), Stuartburn Till (southeastern 
Manitoba), and Granite Falls Till (southwestern Minnesota). 
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coarse-sand petrology of the St. Hilaire Format.ion (Table 1) suggests a 

northwesterly source area. This glacial event is thought to be the 

Napoleon Glaciation in North Dakota (Clayton, 1962) •. The glacial ice 

was divided into two lobes by the Itasca Highland (Figure 17), an area 

ranging in elevation from 1500 to 2000 feet in the southeastern part of 

the study area •. One large lobe flowed through the western part of the 

study area and south an unknown distance, down the Red River Valley 

(Figure 17). The other lobe flowed to the southeast around the Itasca 

Highland. How far southeast this lobe extended is unknown. The gla

cial ice of the Napoleon advance retreated from the area. 

Glacial ice that deposited the Red ..take Falls Formation advanced 

into the study area during the Wisconsinan (Figure 16). The coarse-sand 

petrology of the Red Lake Falls Formation (Table 1) suggests a north

westerly source area and this glacial event is thought to be the Lost

wood Glaciation (Clayton, 1972) in North Dakota. This glacial ice was 

divided into two lobes by the Itasca Highland (Figure 18). One large 

lobe flowed south down the Red River Valley and is thought to have 

deposited the bulk of the surface glacial sediment in western Minne

sota. The other lobe flowed southeast around the Itasca Highland 

(Figure 18). How far southeast this lobe extended is unknown. The 

southern edge of the surface exposure of the Red Lake Falls Formation 

(Figure 15) marks the approximate position of the glacial ice margin 

as it flowed around the Itasca Highland. The glacial ice of the Lost

wood advance retreated from the study area at about 14 000 BP (Harris 

and others, 1974). 

As the glacier margin retreated northward, a proglacial lake 

occupied the Agassiz basin (Figure 18). The lake sediment of the 
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Fig. 18. Quaternary events in the study area and adjacent areas. 

a. Wisconsinan advance of the Lostwood Glaciation from the 
northwest. Deposition of the Red Lake Falls Formation (study area), 
Roseau and Senkiw Tills (southeastern Manitoba), Dahlen Formation 
(northeastern North Dakota) and New Ulm Till (southwestern Minnesota). 

b. Early phase of Lake Agassiz (Late Wisconsinan), deposition 
of the Wylie Formation (northern study area), lower Argusville Forma
tion (southern study area), and Grunthal Formation (southeastern 
Manitoba). 

c. Late Wisconsinan Caledonia Advance from the north. Deposi
tion of the Huot and Falconer Formations (study area and northeastern 
North Dakota) and Marchand Till (southeastern Manitoba). 
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Wylie Formation (Harris and others, 1974) and the lower part of the 

Argusville Formation (Arndt, in preparation) were deposited in the 

Agassiz basin (Figure 15). 

The Late Wisconsinan glacial ice of the Caledonia Advance 

deposited the Huot and Falconer Formations in the northwestern part 

of the study area (Figure 16). The southern extent of the Caledonia 

advance (Figure 18) is marked by the Edinburg Moraine. Arndt (in 

preparation) has shown that the Huot Formation thickens at this 

position. Deposition of the Edinburg Moraine occurred at about 

13 000 BP (Harris and others, 1974). 

Proglacial ponding continued in the Agassiz basin during the 

Caledonia advance. This phase of Lake Agassiz has been called the 

Lockhart Phase (Moran and Clayton, in preparation). The lake sedi

ment of the Brenna Formation (Harris and others, 1974) and the upper 

part of the Argusville Formation (Arndt, in preparation) was depo

sited in the Agassiz basin between about 13 000 and 11 000 BP 

(Figure 16; Figure 19). 

With the retreat of the glacial ice that deposited the Huot 

and Falconer Formations, the proglacial lake occupying the Agassiz 

basin drained. This low-water phase of the Lake Agassiz has been 

called the Moorhead Phase of Lake Agassiz (Moran and Clayton, in 

preparation). During the Moorhead Phase, about 11 000 to 10 000 BP 

streams deposited the sediment of the Poplar River Formation (Harris 

and others, 1974) on the lake plain (Figure 16; Figure 19). 

A readvance of glacial ice to the north blocked a northeast

ern outlet of Lake Agassiz at ·about 10 000 BP (Harris and others, 

1974). The Agassiz basin was again flooded during the Emerson Phase 
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Fig. 19. Quaternary events in study area and adjacent areas. 

a. Late Wisconsinan Lockhart Phase of Lake Agassiz. Deposi
tion of the Brenna Formation (northern study area), upper Argusville 
Formation (southern study area), and lower Hazel Formation (south
eastern Manitoba). 

b, Latest Wisconsinan Moorhead Phase of Lake Agassiz. 
Deposition of the Poplar River Fonnation (study area) and upper 
Hazel Formation (southeastern Manitoba). 

c. Early Holocene Emerson Phase of Lake Agassiz. Deposition 
of the Sherack Formation (study area) and upper Hazel Formation 
(southeastern Manitoba). 
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of Lake Agassiz (Moran and Clayton> in preparation). The sediment of 

the Sherack Formation was deposited in the Agassiz Basin (Figure 16; 

Figure 19). The glacial ice retreated and Lake Agassiz was drained 

at about 9500 BP (Harris and others, 1974). 



SUMMARY 

Unconsolidated sediments, ranging from pre-Wisconsinan or Wis

consinan to Holocene in age, completely cover the bedrock of the area 

studied. Included are glacial, glaciofluvial, lacustrine offshore, 

lacustrine shoreline, bog, eolian, and alluvial sediments. The dis

tribution of surficial sediments in the Grand Forks-Bemidji area is 

shown on Plate 1. 

The study area may be divided into four geomorphic provinces 

on the basis of the presence of different geomorphic features. The 

very flat Lake-Plain Province dominates the western part of the study 

area. The Shoreline Province extends from the southwest to the north

east across the study area. The Glacial-Upland Provi.nce dominates the 

south-central and eastern parts of the study area. The Outwash Prov

ince is present in the southeastern part of the study area. Figure 2 

shows the location of the geomorphic provinces in the study area. 

Seven lithostratigraphic units are recognized in test holes 

in the subsurface study area. The bulk of the material in six units 

is of glacial origin, and the material in one unit is largely of 

lacustrine origin. Unnamed unit 1, unnamed unit 2, the Marcoux For

mation, and the St. Hilaire Formation are largely glacial sediment 

and pre-Wisconsinan or Early Wisconsinan in age. The Red Lake Falls 

Formation is largely glacial sediment and Wisconsinan in age. The 

Huot Formation is largely glacial sediment and is latest Wisconsinan 
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in age. The Sherack Formation is largely lacustrine sediment and is 

latest Wisconsinan and Holocene in age. 

The lithostratigraphic units are recognized and distinguished 

by means of their texture, coarse-sand lithology, and stratigraphic 

position. The texture of the sediments is characterized by the por

tions of sand-, silt-, and clay-sized particles present. The coarse

sand lithology is characterized by the proportions of crystalline

and metamorphic-rock fragments, carbonate-rock fragments, and shale 

fragments present. 

The younger units of glacial sediment lap upon and around a 

highland, cored by older glacial sediment, in the southeastern part 

of the subsurface study area. Figure 13 shows a generalized cross

section of the subsurface study area. Detatled cross-sections are 

included in Plates 2, 3, 4, and 5. Figure 15 shows the surface 

exposure of the lithostratigraphic units. Lake sediment of Lake 

Agassiz is present in the western part of the subsurface study area. 

The lithostratigraphic units present are correlated ~ith units of 

other workers in the regions (Table 2). 

The Quaternary history of the study area consists of an 

unknown number of glacial advances and retreats depositing the gla

cial sediment that underlies the oldest lithostratigraphic unit 

observed, unnamed unit 1. Glaciers advanced across the area and 

retreated three times depositing the glacial sediment of unnamed 

unit 1, unnamed unit 2, and the Marcoux Formation. Glaciers 

advanced into the area, flowed around the Itasca Highland, and 

retreated t~ice, depositing the glacial sediment of the St. Hilaire 

and Red Lake Falls Formations. During the treat of the glacier that 
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deposited the Red Lake Falls Formation, a lake occupied the Agassiz 

basin. The sediments of the lower Argusville and the Wylie Forma

tions were deposited in the basin. The glacial ice that deposited_ 

the Huot Formation advanced south down the Red River Valley. During 

its advance and retreat> water continued to be ponded in the Agassiz 

basin. The sediments of the upper Argusville and the Brenna Forma

tions were deposited in the basin. Lake Agassiz drained and refilled. 

During the last phase of Lake Agassiz the Sherack Formation was depo

sited. 

Suggestions for future workers include more detailed work in 

the area studied and similar studies in adjacent areas, particularly 

to the south and east, to obtain a more complete understanding of the 

Quaternary stratigraphy and history of the Upper Midwest. 

In the area studied. deep test drilling to bedrock would pro

vide information on the Quaternary sediments present below the oldest 

units described here. 

Similar studies in adjacent areas would provide additional 

surface and subsurface information to increase our understanding of 

the areal extent and stratigraphic relationships of the lithostrati

graphic units present. Correlations could be extended, and the 

Quaternary history of the region would be better understood. 
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TABULATED SURFACE DATA 

This appendix contains a tabulated summary of laboratory analy

sis of surface samples (Table 3). Sample data are listed by townships. 

The townships are listed from west to east in each tier. The tiers are 

listed from north to south. 

The table headings include N-number, location, surface eleva

tion, sample depth, description, texture, and lithology. These headings 

are discussed below. 

The N-number is a unique sample number in the North Dakota Geo

logical Survey sample library. 

The location of the sample site is given as the quarter of the 

quarter of the quarter (A is N~, Bis NW~, C is SW~, and Dis S~) of 

the section(S) in which it is located. The township in which the site 

is located is indicated by its township number (T) and range number (R). 

The surface elevation of the sample site and sample depth are 

given in feet. 

A description of the sample site is given in a nine character 

code of the form "ABBCCDEFF." 

The "A" indicates that the sample is (1) or is not (0) from the upper 

unit present. The 11B11 indicates the thickness of the upper unit in 

feet. The "C" indicates the lithology of the upper unit (1 is gravel, 

2 is sand, 3 is silt, 4 is clay, 5 is pebble-loam, 6 is peat). Silty 

sand would be listed as 32. The "D" is a slash that separates the 

upper unit from the lower unit. The "E11 indicates that the sample is 

(1) or is not (0) from the lower unit. The 11F11 indicates the lithol

ogy of the lower unit as in "C" above. A sample site with 3 feet 
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of sand overlying pebble-loam that was sampled would have a description 

of "O 3 2/1 5." 

The texture of the sample is given as the percentage conte~t of 

sand (SD) silt (SLT), and clay (CLY). 

The lithology of the coarse-sand fraction of the sample is 

given as the percentage content of crystalline- and metamorphic-rock 

fragments (XTAL), carbonate-rock fragments (co3) and shale fragments 

(SH). 
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33 32 

l+4 17 

32 29 

6 58 

36 22 

44 3 c; 

36 29 

1 If 31 

30 34 

2 ') 46 

31 If fl 

~6 54 

?6 6e 

4 ~i ,~ 9 

'1 71 

?3 71 

2fi f) c; 

I+ f+ .10 

;;> I+ 7? 

?6 69 

so l 1 

4 (, 34 

46 1 6 

:, r:; ,, ..., 
'- '-· 

T:1 ~l 

LITHCLOGY 

XTAL C03 SH 

59 40 1 

~j8 26 16 

49 39 13 

4() 41 10 

0 0 0 

:50 35 15 

33 14 53 

50 38 12 

51 34 15 

58 4? 0 

61+ 28 8 

65 2B 7 

50 .39 1 1 

53 37 10 

56 39 5 

54 40 6 

·-.= ~J :::::, 58 5 

67 33 0 

48 51 1 

57 3 tiO 

133 17 0 

49 51 0 

40 l"iO 0 

lf;) 55 0 

4:, 59 0 

66 32 2 

61 36 3 

61 39 1 

63 32 6 

53 3-'~ 1 2 
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N= l /6. S T P 
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2188 CCC 5 15C 3g 

1319 ~ AA c:; 15 0 39 

21E7 DOD ] 150 3g 

2186 OAD l 5 15(: 39 

2189-2 C.Cf:l ,?q 150 39 

2189-1 CC8 2S 150 3g 

2184 f)nn 1 1 1 5 .:~ 3~ 

2185 CCC ~~ 
" C: 150 38 

2193 ~ F:.f{ 1 7 150 37 

21G6 PBR :: 1 150 ·"" ' 
, C 

2197 i"CC 3f 15C .76 

2201 HfB 27 l 5 f; 3lt 

?. 20 3- 2 D llD -, ~ 150 31~ 

2 283-1 DAD· :3 .::' 150 34 

?202 f) /, ,,..'\ ?c 15C 3 ti 

2207 Dl~D 1~ 150 -:, ') 
"·" < 

2210-t rlD0 lf 1 "i (' ::: 1 

221(•-::-> DC[) 3 f: I5G :3 1 
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? 211 C (" n <; 14G 40 
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2177 CCC :~ •2 14C) ti O 

2 l 7F, CCC l f 11,n t; ,J 

2180 /\;\A 33 14<". 3S 

2 t A2-2 CCD 1 <> 1 !+ q 3q 
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1 ~50 

1 ·15J 
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4 
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3 

3 

4 

2 

3 

2 

2 

4 

3 

4 

5 

4 

5 

4 

5 

3 

3 

5 
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l': X TURF: LITHOLOGY 

DFSC. SD SL T CLY XT AL C03 SH 

0 ? 2/1 5 7 41) 5;3 !~3 52 5 

LJ 5/0 0 37 Ii l~ l g 66 34 0 

0 2 2/1 c:: 42 3G l <J 57 39 4 

0 1 6/ l 5 l',3 ff l 1 6 65 35 0 

0 2 ?.4/1 5 6() 1 2 J ':l 6 :3 34 3 

0 l =/1 c:: 41 42 l 7 63 ]6 1 

0 2 2/ 1 5 30 31 30 1 0 

1 4 5/0 0 l;. O 112 1 8 54 27 20 

0 2 32/1 5 35 48 1 7 54 43 3 

1 I\ '5/0 0 ll 2 ,~2 26 60 36 5 

1 3 5/0 ,) 2 J 40 3 <; 83 14 3 

1 3 ~/() 0 ?•) 41 3 {) 57 41 2 

0 2 32/1 :: 1 3 a7 ti G 91 9 0 

0 1 :i 4 / 1 5 I; (' 45 1 5 ~>3 4,-:> l 

2 5 /03 ti 31, 32 34 gr.:.; 1 4 

0 2 5/l 5 ,<1 51 1 C 58 41 1 

1 '2 5/0 5 12 55 T3 g5 3 2 

2 5/0 s ?t; 42 :?\4 9'3. 1 1 

,') 2 t/1 5 26 54 2C 57 4? 1 

1 3 5/0 Q B 20 72 57 42 

l 4- C::.,/0 0 35 4? ?3 5f1 4? 0 

0 334/t 5 :3 7 44 1 9 45 54 1 

4 <; /0 C ~c 47 23 70 30 0 

1 5 ':::/0 C ?7 35 38 6A 31 1 

1 6 ':"/032 3 1 4 1 2 •:i ,, 50 48 2 

0 3 2/1 5 L~? 4 l 1 7 9e ? 0 

3 5/0 0 :: 7 36 37 ti5 5c.; () 

3 SF) 0 42 47 l l -"'.R 32 0 
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l 1~ 5/0 (; 3'::> 46 l G ~ C: ::, _.., 38 7 
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C: T R 
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17 149 38 

3 14g 37 

l 1 l /49 37 

1 '= 14g 37 

15 1 lj 9 31 
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?7 14'? 37 

25 149 37 
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2 11. C) 35 
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e 14q 32 

e 149 ?2 

1 ' 1 4 f. /i 5 

311 l ,, p. /1'5 

?2 l 4 '" '+5 

2E 141:' 44 

1 "i .'9 IJ I~ 

1 <; 1 1 .. e (a? 

2 1 1/1 ."l 42 
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S\JRF. 

ELF.Va 

l 30 8 

1307 

1326 

1307 

1220 

1261) 

1 3 1 () 

1310 

1310 

1330 

t .,70 

l ,70 

1 31 ,) 

113 0 
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1350 

1 '1R() 

l '+3Q 

11~00 
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1 :n,J 

11no 
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1(?1) 
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SAMP. 

DEPTH 

6 

5 

3 

3 

5 

15 

5 

3 

1 
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5 

4 

2 

13 

4 

3 

18 

7 
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5 

5 
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3 
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TF: XTURO::: LITHOLOGY 

D"'SC. SD SL T CLY XT AL C03 SH 

l 15 5/0 0 3h 51 1 3 50 43 6 

0 234/1 5 29 Li 2 2G 58 41 1 

1 3 5/0 0 39 47 1 t+ 53 l}2 5 

1 3 "i/0 0 33 4 l ? f, 57 43 0 

1 5 = /() 0 :J 51~ 43 !}3 49 8 

12'3 ~/C 0 33 43 ? 4 61 35 3 

1 2 5/0 1 38 43 1 g 57 41 2 

1 2 5/0 5 16 34 50 6 l 34 5 

l 2 :'/0 5 ~8 ?>7 2 ,-.:, 55 41 4 

0 234/l 5 29 50 2 l 48 45 6 

0 2 34/1 5 21 36 43 46 2 52 

(' 2 34/ l c:. 10 ]6 54 72 23 4 

1 1 C 5/0 ..., ,_ 33 36 31 44 54 2 

1 ? 5/0 0 ?3 /~ 4 3.3 62 :J!} 4 

l ~ 5/0 5 30 ;.:>g 4-2 91 9 0 

01.:·23/1 5 2 r, 38 3(, 46 53 1 
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0 1 ;:: / 1 c:; 40 17 2 '1 ()8 2 0 

0 2 5/1 5 ·:,c:: '.: 1 1 I; 54 4L~ 2 ,.,; -.. 

0 :21 /1 5 1 g go 
'• C 45 1~ 
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SURr=. 
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1 ": 1 4 
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13(~0 

SAMF. 
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12 
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12 
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TEXTURE LITHOLOGY 

DESC. SL T CLY XT AL C03, SH 

1 4 5/0 ,) 31 48 2 l 5~ 44 0 

0 3 '5/C 0 21 5 '3 26 3-9 61 0 

0 2 32/1 = 30 40 22 58 42 0 

1 4 5/0 :J 32 41'1 2J 56 44 0 

3 5 /1:} 0 31 50 1 g 54 41,1. 2 

1 5 5/i) 0 28 44 29 54 44 2 

1 3 5/0 /) 21 53 26 54 45 0 

0 ., 2 3/ 1 5 30 48 2~ 54 45 1 

1 5 5/0 0 1 F3 44 38 46 51 4 

0 23Lr/ 1 5 23 43 31~ 59 41 1 

3 5/0 0 1 c ~3 3 l 53 4'"> 1 

0 323/1 5 ;:)/-4- 54 22 63 35 2 

1 tC 5/0 0 ?O 50 30 gg 11 0 

0 221/1 5 27 54 1 c; 62 :10 8 

3 5/0 C 42 44 1 '4 R6 1~ 1 

1 15 5/0 0 9 49 4 '? 4g 51 1 

1 t 3 5/0 0 1 1 (, 0 4 <; 4/i ,.,.q q 

11 5 5/G ,.. 19 50 Jl 55 ,30 6 
' 

1 ~ 5/0 "i 2 ti lt 0 3c f:: 7' ]'.) 3 

0 2 5/1 5 52 18 3 ') 88 12 0 

1 p 5/G 0 p>, 5:-! 3 () 55 39 5 

0 2 C: / l c:; 4!~ ~g 1 7 66 32 2 

1 4 '.3/0 rJ 1 (l 47 (~ 3 50 42 8 

l 4 "i/0 (} 1 Ii ~7 4S 57 30 13 

() l 34/ 1 5 ;:,q ]5 16 63 31 7 

0 Fl 5/l 5 1 3 36 ":i 1 5q 29 13 

1 F!, ~/0 c:; 1 5 '37 48 45 50 5 

1 :134/() 0 F 62 3 ?. 70 0 3() 

0 2 5 /1 · 5 ;:, .? 52 2/'i 61 19 1 4 

5 S/0 0 zq 35 ·vs 9"3 2 5 
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215B noD 32 }/+ [I 

215"> ElAA 1 LJ l ,~ 8 

2154 CCC> 3 1 1 /~ p 

2152-2 CCC 1 f 14P 

2152-1 CCC l F l 4f 

2262 l\ t, A 7 l {f 7 

22€'3 CCC ;; 1 1+ 7 

2257 r)DC '? I !Lr 7 

2261 Cf'B 24 l lf 7 

225"> AAA f: 14 7 
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22!:<J-l ODO ? r - ,:. 147 

2 251 !>,AA 2 <; l 4, 

2 2!:2-? CCC C 1 4 7 

22e:2- 1 CCC :; 147 

2247 o r.m ,-
,J 147 

2 2 t+r' r) f) f) 27 1 4 7 

2245 CCC l 4 1 l, 7 

2 241+ !-.-3r~ R 2? 1 4 7 

22:39 ono 1 I l ,~ 7 

2236 ['[)I) ? (' 111 7 

222~1-2 DCC l "' 
1 (1 7 

2229-1 nc:c 15 14 7 

2223 CR.A :3 F, 1 4 7 

2 ?27-? (An 2 <= 147 

2227-1 C.I\') 25 l i, t 

22]5 A Dl'l 1 c; 1 b, 7 

2??2 CCC 1 4 l 4 7 

2212 ADD 2 '= \ I+ 7 
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33 

32 

31 

30 

3C 

45 

45 

44 

lj t+ 

43 

{13 

42 

4::> 

42 

4?. 

42 

41 

41 

41 

lj.!) 

!J 0 

3g 

38 

.3B 

., ~ 
~.t t) 

3B 

38 

.38 

17 

36 

sunF. 

ELFV. 
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J l;_ 1 0 

1 lf 00 

1 ""3 P, 0 

1380 

<;4 "3 

1 029 

1165 

1 1 71 

11 88 

1213 

1222 
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122~ 

\ 211 

l 2 31 

1251 

l ?.60 

126'"' 

12<:;S 

l '\()0 

l :i I 5 

1490 

l 4QO 
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1r::;oo 

l "'i.:')0 

1510 

1 t,q r, 
l 1+:3 () 

SA'4P. 

D'=PTH 

2 

5 

4 

21 
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4 

4 
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5 

.J 

5 

3 

3 

5 
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5 

5 

10 

5 

6 

17 
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3 

3 
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11:. X TURE LITHOLOGY 

DESC. SL T CLY XTAL C'B SH 

3 5/0 1 57 30 13 75 ?--::> 0 

t· 
.) 5/1} 0 14 36 50 46 54 l 

1 ,~ 5/0 ') 45 "39 1 6 86 5 9 

125 5/0 0 32 50 1 e 64 31 5 

125 ":/0 0 3 li ":2 I 4 66 2S 9 

0 2 32/ 1 5 2 l s P:2 62 38 0 

() 332/1 5 -H, 54 1 0 66 34 0 

1 3 5/i) 0 35 50 1 5 64 36 0 

1 4 e10 C 21 f. ':i 1 4 68 32 1 

4 510 0 :n li5 24 .. 55 41 4 

1 ,~ 5/G 0 32 ::3 1 ,-:; '33 47 0 

1 15 5/C 0 1 (., E!3 l (: 52 4li '• 
1 l5 5/0 0 1 l f,5 2 t1 '.33 47 0 

3 5/C 0 24 60 1 f '33 4,· 
') 1 

1 5 5 /f: {) 19 65 1 5 53 45 ? 

5 5/0 0 l 8 S·"'+ 1 A 5Fi liA 0 

0 2 3 / 1 '3 3P, ti 2 2C 52 42 0 

0 323/1 5 .3 f., 49 1 h 52 45 3 

() 3.]4/l 5 3 (~ 4q l 3 46 53 l 

7 !:;/0 0 ?4 /4 7 ".) C-
~- , · 1~9 43 8 

5 5/0 0 -,,7 4lL 1 s 61 39 0 

1 h 5/0 () 41~ :~ () 6 74 23 3 

1 1 "i 5/C () 1,:) ': 1 3G 47 ·'+4 9 

1 l c: C: / () 0 lR 53 2 C, 99 0 0 

g S/021 42 45 1 3 85 15 0 

0 4 S / 1 5 1 2 ~,3 ?. g t+ 7 '~4 9 

0 421/1 "' I:' 1 2 <1 1 l 9El ? 0 

l 3 5/0 0 2""3 44 33 51 ti.:i. 5 

3 '5./0 () 4 1 T"i 23 70 18 4 

0 2 ~/1 s /~ 1 /~ 1 l R Fl 2 14 4 



LOCATI DN 

N: 1 //.1 S T R 

2?.13 Dl""lf) l 2 147 36 

22?1 C /', .A. 1 e l If 7 36 

2217 t3 cc 3 l IJ 7 36 

21E2 ~ <l A 2 t l '~ 7 35 

21c1 f1t. !-,.,D .33 l ,, 7 35 

21EO f\AA C: 147 34 

2153-1 DCA 32 14 i 32 

2 153-;:> ODA ~~ ..... ~ 1 ,~ 7 32 

21~1 CCC 13 147 :rn 
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SURF. 

1,,. 70 

l 4QO 

l 50D 

1 41+0 

145') 

1430 

1370 

l 370 

1 31 0 

.. 

SAMP. 

DEPTH· 

4 

6 

4 

3 

3 

4 

3 

5 

4 



96 

TE .X TURE LITHGLOGY 

DESC. Sil SL T CLY XTAL C03 SH 

0 2 2 /'l 5 I+ l 3.9 21 74 17 8 

1 6 5/0 0 42 46 1 2 74 25 0 

0 2 2/1 5 19 46 35 42 50 8 

3 5/0 0 29 47 2 '+ 94 1 5 

1 3 5/0 0 ]l 40 2q 88 3 9 

0 3.3 2/ l · ':: 1 f, 40 44 67 30 3 

1 ~ 5/0 5 27 39 35 q7 2 1 

0 .., _, :':/1 5 q ~8 13 82 10 8 

0 ? 2/1 5 22 39 3 <; 56 · 34 10 

.. 
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TABULATED SUBSURFACE DATA 

This appendix contains a tabulated summary of laboratory analy

sis of subsurface samples (Table 4), a tabulated summary of occurrence 

and site averages of lithostratigraphic units (Table 5), and a tabulated 

summary of means, medians, modes, and standard deviations of site aver

ages for lithostratigraphic units (Table 6). 

The table headings for Table 4 include N-number, location, 

sample depth, texture, and lithology. These headings are discussed 

below. 

The N-number is a unique sample number in the North Dakota 

Geological Survey sample library. 

The location of the sample site is given as the quarter of the 

quarter of the quarter (A is NE%, Bis~, C is S'Wlt;, Dis SE%) of the 

section(s) in which it is located. The township in which the site is 

located is indicated by its township number (T) and range number (R). 

The elevation of the sample and the sample depth are given in 

feet. 

The texture of the sample is given as the percentage content 

of sand (SD), silt (SLT), and clay (CLY). 

The lithology of the coarse-sand fraction of the sample is 

given as the percentage content of crystalline- and metamorphic-rock 

fragments (XTAL), carbonate-rock fragments (C03), and shale fragments 

(SH). 
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C /\ n l Fl l 51 43 

Cl\D lB 151 41 

CAf) 1 8 151 41 

CAD 1 q l :'11 43 

CAD 1e l 5 l 43 

CAD l 9 l c:; 1 t+ 3 

CAD 18 lSl 4 :J 

CAD l q ls l 43 

Ct, D 1 8 151 4:~ 

CA I) 18 1 5 1 4 :1 

PC') 1 f, 1 5 1 4l+ 

r1c ·1 1.6 1 :: l 44 

ac ') 16 15 l 4/+ 

~c, 1 f; 151 ,!~ 4 

8CD 16 151 4t+ 

;::.c ') l 6 1 51 4<!-

3CD 16 151 44 

C9'1 l F\ 1 48 37 

con 18 149 37 

COB 1 8 148 17 

Ct3'.3 18 1 49 37 

( Fl q 18 1 /4 8 37 

c=i n 13 l 4B 37 

::P ~3 1 e 14'3 37 

('RD. lf' l 1113 37 

C1'l 1 3 l "L3 37 

C3n 18 111 B 37 

(:SR 1 ,= l 48 37 

CB:::l 1 '3 14'3 37 

S/'\MP. 

FLEV • , 

1033 

1030 

1027 

102'+ 

10 21 

1016 

1013 

UH 0 

l 0,) 7 

1004 

l 00 l 

1006 

999 

Q·)5 

98Y 

983 

9AO 

957 

l 1+55 

1450 

1445 

l 440 

1435 

1430 

1425 

1390 

1 3J':I5 

13'30 

1370 

1365 



SAN!P. 

OEPTH 

1 R 

2 1 

24 

?7 

30 

35 

3E 

41 

44 

47 

50 

l 2 

19 

23 

29 

3": 

3 Fl 

61 

1 0 

1 5 

?0 

25 

.JO 

35 

t-. O 

75 

PO 

85 

c,5 

100 

36 

34 

35 

3c 

4 1 

5'3 

52 

56 

58 

5 c; 

f; 0 

2 

?i3 

36 

'+0 

4:: 

43 

~ .3 

71 

23 

24 

13 

1 2 

I 2 

1 I: 

4::1 

3f: 

?~ 

': 3 

53 

102 

TC X TlJl~F.: 

SL T CLY 

46 1 ,9 

7;8 28 

::le 2C) 

/; 4 20 

45 14 

~q t) 

37 1 1 

36 8 

20 22 

:, 2 9 

3') 1 0 

6 S? 

:::2 40 

34 3() 

31 27 

T3 22 

3? 25 

"2 15 

2? 7 

50 ?7 

5C ?. f', 

57 30 

4<'.l 40 

56 32 

fP 16 

ti r; 1 7 

l; 4 20 

4'.) 31 

22 25 

::-,3 14 

LI THOLDGY 

XT I\L C03 SH 

51 31 18 

52 35 13 

51 31, 16 

51 31 18 

56 33 1 1 

86 14 0 

84 16 0 

88 12 0 

89 10 0 

0 0 0 

87 13 0 

0 0 0 

,~9 30 21 

51 35 14 

59 31+ 7 

53 44 4 

54 4,~ 2 

68 32 0 

86 1 ,~ 0 

68 28 4 

57 37 6 

57 40 4 

50 45 5 

47 43 10 

55 27 18 

'53 .?.5 22 

49 25 26 

~,: '·::, 21 25 

81 17 2 

75 21+ 1 



N= 

1 91 f+ 

1914 

1914 

19 1'+ 

1q14 

1 'H4 

1 <;; 14 

1 CJ 1'+ 

1Gl4 

1 C) 15 

1 c; 1 5 

1915 

1915 

1 9 1 '5 

1915 

101s 

1 S 15 

1915 

1915 

1S15 

1915 

1915 

1915 

1q15 

1915 

1915 

1915 

1 c; 1 5 

1915 

1915 

103 

L 'lC AT I ON 

1/4 S T R 

CE:18 l ~ 1 4 8 37 

CF;, '3 1 ,': 1 'J 8 37 

CBB lA 1 48 37 

CR9 1e 148 37 

CR9 1 e 141'.'l 37 

CAR 1 e l 4E' 37 

C8f3 1 8 1 /+ 8 37 

C5R 1 e 1 ,~g 37 

CDEJ 18 14B 37 

cc!) 12 1 46 37 

CCD 1? 146 37 

CCD 1 2 146 37 

CCD 12 l /16 17 

CCD 12 1 46 37 

cc') 1 2 1 /16 37 

cco l ?. l 46 37 

CCD 12 1 t+6 37 

(Cr, l 2 146 37 

cc r) 1 2 1 46 37 

CCf) 12 1 ,~ 6 37 

CCI) l 2 1 46 37 

Cf"J) 12 146 37 

ccn 12 146 37 

CCD 1? 1 46 37 

cc I) 12 146 37 

cc!) 12 1116 37 

ccr, 1 2 1 46 37 

cco 1 2 l 46 37 

cc;) 12 1 46 37 

ccri 12 146 37 

SAMP. 

ELEV. 

1350 

1 355 

1340 

1335 

1330 

1327 

1323 

1320 

1310 

1 "i65 

1560 

1555 

1550 

1545 

1540 

1535 

1530 

1525 

15?.0 

1515 

1 51 0 

1505 

· 1500 

1495 

1490 

l 1185 

1'+33 

14!'.lO 

1478 

1475 



104 

s /),'} p. LITHr:LOGY 

S1 SL i CLY XTAL C03 SH 

10 5 48 313 1 4 74 24 2 

110 50 21 2q 81 13 1 

125 1 3 72 1 ,-::, 76 ?.l~ 1 

130 cl t 4 25 83 16 1 

135 68 25 7 B4 16 0 

138 33 ?7 :"O 67 30 3 

14 2 5) ii5 5 83 16 0 

l lt 5 A2 1 4 4 83 16 · 1 

155 "'1 0 t(;l 85 15 0 

5 29 47 ?5 67 14 19 

10 21 se 21 75 15 1 C 

1 5 l+ '.:; l+q 1 1 7F, 17 7 

21) 44 3?. 24 81 1.3 f. 

25 'J C 0 R2 17 C 

:rn ,, 7 :"°' 11 19 83 17 0 

:'I 5 3-2 ':':] 1 5 88 12 0 

,~ 0 I"\ IJ 0 8F, 14 0 

45 ::2 ~~ 1 0 8fJ 14 0 

c;o ':: 1 3q 1 () 81') 14 0 

55 C: 3 ~ /4 .1 1 q2 18 0 

f: 0 47 41 1 2 86 1 '~ 0 

f~ Pp 7 C 
. ) 75 25 0 

7C 61 lQ 2 () 38 1 l 0 

7e 5 'J ?3 l Fl IJP, 12 0 

RO fl4 17 1 g 90 9 0 

85 7 1 1 1 1 fl 82 l?, 0 

87 50 32 18 88 1 1 l 

00 57 3 l 12 89 1 1 0 

9;:> 4c; .36 1 ,; P/1 12 0 

S"i 5<; 26 l ") 87 13 0 



N= 

1915 

}(;ll 5 

1915 

1 <; 15 

1915 

1915 

1915 

1915 

1q15 

1915 

1 <; 16 

1916 

1Gl6 

1916 

1 9 l f: 

1916 

1916 

1916 

1 q 16 

1916 

1916 

1916 

1Sl6 

1~16 

1916 

1916 

1 c; 1 6 

1916 

1 <; 16 

1 c; 16 

105 

LOCt..TJON 

1/4 S T R 

cco 12 146 37 

ccn 12 146 37 

CCfJ 1 2 1 46 37 

CCD l< 1 46 37 

cco 12 1 "•6 37 

CCI) 12 146 37 

ccn 12 146 37 

cco 12 1 46 37 

ccn 12 1 46 37 

CCD 12 14E 37 

BCC 28 l 'l4 17 

GCC 28 144 37 

!'1CC 28 t lf4 37 

8CC 2R 144 37 

l3C C ?~ 1 1. 4 :17 

8CC 2.8 144 37 

13CC 28 l ,, 4 ]7 

'KC 29 l /14 37 

RCC 28 l 4 (l 37 

w:c 2.9 1 4 li 37 

BCC 2~ 144 37 

9CC 2R 144 37 

AC:C 28 144 37 

ACC 28 1 44 37 

!'KC 2 '9 1 ,, 4 37 

BCC ?.'.i l {J.li 17 

9CC 20 144 37 

1JCC :;, ;., 144 37 

OC C ?8 1 4 4 37 

8C'.C ? ?. 1 t; 4 37 

SAMP. 

ELEV• 

1470 

1468 

1 ,~55 

1441 

1440 

1435 

1430 

1425 

1425 

1420 

1710 

1 705 

1 700 

1 f:195 

1690 

1695 

1680 

1675 

167'.) 

ln65 

1657 

1655 

1650 

1647 

1635 

1630 

1625 

1615 

1 61 () 

1605 



106 

St.MP• 1E X TUPI'": 

DEPT!-' Sf) SL T CLY 

JOO (;Q 19 21 

l O 2 (, 1 5 34 

1 1 5 P2 6 12 

L29 64 25 11 

1 :' 0 f.:2 1 7 21 

135 :1 '3 27 35 

140 3c 2q ·35 

14 5 lf 37 27 

lli.t 34 3 ll 32 

150 :31,. 33 33 

1 C t+ '.) ~cc 1 (; 

1 '= 51 30 19 

20 7 ,. 20 F:> 

25 50 24 ~6 

., ,, 
~· .... .., l; 7 33 ?O 

3=: f; c; ti 2 13 

40 :: !1, ;:,q 17 

I.L 5 l.1, C} ;! 6 15 

50 :'.'cJ 44 17 

55 1 F? 1+6 1 6 

63 ~4 49 l 7 

t' 5 4C) ~f1 1 IC ,) 

70 41 ~ f, 13 

7?. 4 "3 /13 1 4 

f5 I" 3 1 1 6 

qQ F: C: <' ? F, 

05 4? ,, 1 1 7 

l C 5 4? ?q· 19 

l 1 0 72 ?? 0 

1 l 5 h') 3.1 7 

LITHCLOGY 

XTAL C03 SH 

35 15 0 

BA 12 0 

0 0 0 

90 10 0 

137 13 0 

71 28 1 

73 26 1 

72 27 1 

70 28 3 

68 29 3 

83 17 0 

83 17 0 

86 14 C 

85 15 0 

93 16 0 

8li. 16 0 

86 11+ 0 

.''14 16 0 

83 17 0 

R2 17 0 

.''34 16 C 

7A 22 0 

83 17 0 

83 17 0 

0 0 0 

113 17 0 

89 11 0 

84· 16 0 

8C 20 0 

70 21 0 



N= 

1916 

1916 

1916 

1 9 1 fi 

1916 

1916 

1916 

1916 

1917 

1917 

1q17 

1917 

1917 

1 CJ 1 7 

1917 

1917 

1Gl7 

1917 

1917 

1 <; 1 7 

1917 

1917 

1917 

1917 

1917 

1917 

l '7l 17 

1917 

l S 1 7 

19 t 7 

107 

L':KATICN 

1/4 S T R 

9CC 28 l '-1-4 37 

~KC 2R 144 37 

F.!CC 28 l 4 ti 37 

ace 2e 1 (~ £1- 37 

tlCC 28 1 4 l-1- 37 

occ 2e 144 37 

:3CC 2~ 1 44 37 

RCC 29 1 4 /~ 37 

CCD 6 144 41 

CCD 6 144 '• 1 

cc[) 6 l/{ 4 41 

Ct. D E 144 41 

CC[) 6 144 41 

CCD 6 144 41 

cc[) 6 14 '+ /~ 1 

CCD f, l 4 IJ 41 

cc f) f) 1 /~4 41 

cc f) 6 l l; li ,, 1 

CCD 6 14a 41 

cc f) 6 l 4 l~ 4 l 

cc f) 6 l 4/~ /1 1 

CU) 6 144 4 l 

cc I) 6 144 ll 1 

cc I) 6 1 a t, 4 1 

cr:o 6 1 ,~4 li l 

er. o f 144 41 

CC D 6 ) ll. /} 'd 

CCD 6 144 ll 1 

ccn 6 11i 4 11 1 

cc f) 6 l li t-1- l1 1 

SAMP. 

ELf:V., 

-1595 

1587 

1583 

1576 

1 572 

1570 

1567 

1565 

1215 

1210 

1205 

1 1913 

1192 

llQO 

1185 

1180 

1175 

1170 

1165 

1162 

1 160 

1150 

1149 

1142 

1 14-0 

1 1 3 c; 

1133 

1125 

1120 

1 1 1 7 



SA.MF. 

DEPTH 

125 Et. 

133 -; ?. 

137 46 

14-4 3q 

148 27 

150 1 4 

15 J 24 

1:=;5 14 

10 24 

l f: 4 

20 57 

27 2 () 

33 2 C, 

35 34 

40 27 

45 19 

50 ?9 

55 2r 

60 23 

63 2 5 

65 57 

75 3{: 

76 l ('J 

83 3? 

8"> 23 

<10 ,,i 
92 2,1 

t O 0 57 

105 39 

lOR 4 

108 

TEXTURE 

SL T CLY 

14 0 

23 5 

35 lR 

2(, 32 

44 29 

lj g 38 

ill 35 

50 36 

47 29 

81 15 

2S 1 '• 

33 38 

3g 35 

:J F 28 

4 1 3? 

:: 2 29 

40 31 

4~ 35 

f-,7 10 

3q :'lo 

2q 14 

44 :::>O 

50 31 

3~ 30 

49 28 

43 ?:1 

40 36 

16 '?.7 

37 24 

72 24 

L ITHCLOGY 

XTAL C03 SH 

0 0 0 

86 JI+ 0 

76 24 0 

65 35 0 

64 35 0 

52 47 l 

69 31 0 

61 39 1 

58 41 1 

51 32 17 

56 36 8 

38 33 29 

33 24 44 

44 31 25 

:19 32 29 

50 24 26 

46 29 25 

ti 5 34 ?l 

,, c; 29 22 

46 32 22 

54 30 16 
It 

76 17 6 

4 ,-'.) 31 24 

62 24 14 

76 18 6 

86 12 2 

fl2 17 

8fl 12 0 

U7 12 1 

7g 10 2 



1917 

1917 

1917 

1 <.n 7 

1 <; 1 7 

1918 

191~ 

1918 

1<;1P. 

1918 

1<:Jl8 

1918 

1918 

1g12 

1 c; 1 8 

11.:i 1 S 

1 c; 1 B 

101g 

1<J18 

1q1g 

19 lA 

1,; rn 

1 c; l R 

1g1a 

1 <; 1 8 

191A 

l ~;i g 

l<HP 

1913 

191R 

109 

LOCATION 

1/4 S l R 

CCT:) . (: 1 44 41 

CC D 6 144 4 l 

cco 6 144 41 

ccn 6 14 4 /fl 

cc!) 6 l 4ti 41 

3CB 36 142 44 

·'1CR .16 11, 2 44 

RC8 36 1 42 46. 

~CR 36 14? 44 

::=icn 36 142 L~4 

BCB 36 142 4'• 
9CO 36 142 li4 

BCB 36 11.i 2 44 

'."\CR 36 142 44 

=-i,: ':'I 3r, 1 (12 41+ 

!JC8 36 142 44 

nCR 36 1 t1? 44 

3(' i'I 36 l '1 2 44 

8C '3 36 l /1? 41+ 

:JCB 3c 1 u 2 4tr 

'3C B 36 lll? , .. 4 

8t: R 36 142 41., 

FCR 36 14? 4 '• 

BCF! 36 142 44 

":'CB 36 l 4;::, 4li 

:::icn 36 l 4 2 It 4 

,KA 36 142 44 

acR -:, ,: ,, ~ 1 112 114 

r:ic o 36 14? 4/1 

8C9 36 142 44 

SAMP. 

ELEV. 

1 1 15 

1087 

10.35 

1083 

11)77 

1165 

1 160 

1158 

1155 

1150 

1145 

1135 

11 34 

11 30 

1122 

1120 

1 l 15 

1 11 0 

1105 

1100 

1096 

1095 

1085 

1080 

1075 

1070 

1065 

1060 

1055 

1050 



110 

$,1\MP • TEXTllf<F LI THCLOGY 

SL T CLY XTAL C03 SH 

1 l 0 0 76 '2 4 0 0 0 

139 46 25 2q ~6 14 0 

} l~ O It 2 ::"12 26 89 11 0 

142 :;:, ,] 50 27 g.g 12 C 

14 8 31'1 (; 0 22 B6 14 0 

5 3:) 37 33 50 "17 13 

l 0 ::,t, 3 f: 30 50 38 1 1 

1 2 23 Ii l 36 4a 41 10 

15 p= ~ ti 31 46 31 23 

2.0 ll.C) 2 (l ?2 51 27 22 

2!:: T) I;. ', ?. l 6 l 29 10 

35 45 3"; 20 70 28 l 

3 IS l1 I; 41 15 74 24 2 

l~ 0 17 5q ?5 69 28 4 

,~ B 4 <! l12 l <t 60 20 21 

<;() 4 SR 38 63 23 l 3 

55 r.:c.; 3~ 12 53 26 21 

f>O r.:.: e 2 fl 14 70 29 2 

6'5 ,::.4 27 9 73 22 5 

70 /_; 77 l 7 61 28 1 1 

7 ll 37 \ () ,3 4R 26 26 

7r::; 1 3 4·5 41 42 25 33 

~5 ~9 /i E ~~ 73 25 2 

90 1 () 31-1- "16 L~ 7 29 24 

95 1 f:' 4, 
'• 1 ::i~ 25 t.i-2 

l C 0 2c; Jf, ~9 32 21 47 

t O ': 16 ,:.4 40 :n 2') 46 

l 1 0 :> ,q T'3 .19 36 26 37 

l I 5 ?. '> ,3 lf 1 31. 24 42 

1.? 0 ]~ ~6 26 51 27 22 



N= 

1 <; 1 A 

1918 

1 <;; 18 

1919 

1q19 

1 c:; 19 

1919 

1919 

1919 

1919 

1 <:;i 9 

1919 

l<l19 

1919 

1q1q 

1Gl9 

1919 

1910 

1919 

1919 

1q1q 

1 ']lg 

1919 

191<1 

! 'H 9 

1919 

l',20-A 

1G20-A 

1920-A 

19 20- A 

111 

LllCATirJN 

1/4 S T P. 

RCB ~6 1'•2 44 

RCS 36 142 41+ 

BCB :, E 142 41.~ 

RC 'J 29 147 42 

RCB 2<; 11+ 7 42 

1:KR 29 147 42 

£1CR 2') 147 42 

P.Cf'.\ 29 14 7 42 

DCR 2Q 1 l} 7 42 

RC!:1 29 l ,~ 7 4? 

PCB 2q 147 4? 

BC8 ?9 147 42 

ecs 2q 14 7 42 

13CP. 29 147 "*? 
DC Cl zq 147 42 

OCH ;:>q 147 4;? 

F1C 8 2g 14 7 42 

[lCH 29 147 42 

HCR 29 1 LL 7 42 

RCR zq 147 42 

RC9 29 147 4?. 

r~cB 2Cl 147 42 

8C'-' 2Q 147 42 

RC8 2 CJ l '-1 7 42 

GCA ?q 147 42 

f3C '-1 2q 147 ti 2 

I\R El 1 l 150 42 

:\PR I l l "iO 4~ 

/1. f.l f'3 I 1 l ": 0 42 

,~AB l l l ':O 4? 

SAMP. 

ELEV. 

1050 

1050 

1050 

1220 

1215 

1210 

1205 

1200 

1 195 

1190 

1185 

1 1 .so 
1175 

1173 

11 71 

l 159 

1165 

1 160 

1155 

1 1 50 

1145 

l l (~ 0 

1135 

1132 

1129 

1109 

1 1 18 

1 1 1 2 

1 1 1 0 

1107 



112 

$AMP. TFXTURE LITHOLOGY 

()f:PTH sn SL T CLY XTAL Ci13 SH 

120 3:?. 42 25 66 26 8 

120 37 30 33 53 24 23 

120 JJ 13 ll~ 65 27 9 

5 32 142 26 62 37 1 

1 0 ?3 ,~5 ?.2 61 37 2 

15 20 4t; 31 40 57 3 

?0 26 I~ 7 27 49 49 2 

25 26 ,~4 30 51 47 2 

~o ll~ 40 26 46 48 6 

35 l 2 50 3R 60 37 3 

40 20 4'"3 37 57 41 2 

45 l fi 46 38 52 44 5 

50 l ?7 72 0 86 1 4 

"'? 3 (: 43 21 lt2 ,4 24 

:' t~ 3 (\ 34 36 .lf l~ 32 24 

56 .? l t.i.6 Tl 53 44 4 

f: 0 L;C ::n 20 40 35 25 

( 5 t,4 44 12 ,, 3 35 ::>2 

70 C. r, - ._, 1 p 32 31 19 0 

7:: 25 42 31 31 23 41 

fl 0 46. 42 1 2 67 29 L; 

e<.: ll 2 35 ?3 51 24 25 

oo .., 1 42 27 3.3 12 55 

93 31:: t; s 17 70 19 1 l 

Of- 39 47 14 ~3 15 2 

l l 6 :' 1 55 1 4 3P 27 36 

e /1 f; 5 31 21 14 65 

t I+ ~ fl 46 16 '57 36 7 

l 6 ]1 ti~) l 7 5() 38 1~ 

1 9 30 54 1 f. 59 30 1 t 



10.20-A 

19?0-A 

1 q2C- A 

1920-A 

1,;20-11. 

lS?O-A 

1920-A 

]C,20-A 

1920-A 

I 020- I\ 

1020-A 

}g20-A 

1 q20 A 

1920 f.. 

1s;;:0-" 

19 20-.A 

lQ?O-A 

19 20- A 

2 ,~ 7 0 

2470 

247( 

2 4 70 

?. 4 7C 

2470 

? ,, 7() 

24 7·) 

21+ 7 0 

2471 

24 71 

2471 

113 

UJCA TI nN 

1/4 S T F~ 

AF' F:l 1 1 15C 4;::, 

A'J8 1 1 15C 42 

AP8 l 1 150 4?. 

A[38 l 1 150 42 

A~38 l 1 150 42 

AAR 11 150 t+2 

,'\[H1 1 1 151) 42 

P,P.[3 1 l 150 h?. 

APR 1 1 l 5 0 42 

A88 l 1 150 42 

Ai18 l l 1 5 () ti;? 

/\8 9 1 1 1 5 () 4? 

/'as l l l ~! 0 42. 

4[>.g 1 l 150 ti2 

ABP l l 15 0 ll.2 

,;_gF; l l l f:' 0 4?. 

,VF-:\ l 1 150 112 

A'IFl 1 l 15 0 t1 2 

RRf:3 28 148 31. 

Rn] 2e l 4.q 31~ 

FlfH.I 28 148 JI+ 

PR f1 ?,9 l ti 3 Jli 

'3UB 28 1 It i) 34 

'lnn ? .e 148 31+ 

rir! B ,., ;, r. ._.- l /4 ~ 311-

P.HR ?R l 4 fl JI+ 

r~ R f-1 2e 1 4A 3 ,. 

CD'.) 34 1~0 3 1 

C ') r> :: 4 1 ': /') :I l 

C)I) :-1 ti 1 !'i 0 3l 

SAMP. 

ELEV. 

1099 

1097 

1090 

10/37 

10134 

1 :)~3 

1081 

1078 

1076 

1074 

l 071 

106'/ 

1068 

1061 

1050 

1056 

1051+ 

1052 

1495 

1 'i"' 1 

1 '~57 

l li.51 

1446 

1 lj. 38 

1436 

1431 

1426 

1356 

1351 

1346 



114 

S I\M P • TE)( TURF L ITHCL OGY 

f;Ef:-> TH ::r, SL T CLY XTAL C03 SH 

?7 3q 44 1 7 55 34 1 0 

2S 3P 45 l 7 55 :n 8 

~e 4C 4 1 l 9 62 32 f-, 

39 38 3 f; 24 54 40 6 

42 37 4A 17 60 31+ 5 

43 38 4:: 17 52 .;.5 3 

lf 5 4(, 3 E' 22 58 38 5 

48 37 5 S4 56 35 9 

50 ·::2 4<; 1 () 52 t~3 5 

::2 37 4c 1 7 t+9 46 5 

55 38 43 1 ') 56 37 7 

57 3q 4 ,~ 17 79 20 2 

58 ""'A I!.-·· !"' 0 22 61 35. ,~ 
65 ~4 55 21 44 51 5 

67 3R 42 20 50 46 4 

70 ~H: 44 20 46 50 4 

72 37 4f, 17 50 47 3 

74 35 47 1 9 44 52 4 

4 4f ,, l~ 1 C 7B 22 0 

9 C: 4 37 C 77 17 7 

33 118 36 16 78 13 9 

39 44 34 22 65 26 8 

,~ 4 47 -::'·4 1 c, 77 lB 5 

52 :=:5 32 12 80 16 3 

~4 5q 30 11 >30 17 3 

59 ~:-c5 3 :1 l 1 84 14 2 

f:4 ~7 l? 1 l 83 16 1 

'• ?E 41+ 20 65 33 2 

q 3t l,_1 21 65 33 1 

1 t+ 4 7i:::, 21 0 0 0 



N= 

2471 

2471 

2 4 71 

2472 

2472 

2472 

2472 

2472 

2472 

2472 

2474 

2474 

24 71, 

,'475 

2475 

2475 

2475 

115 

LOCATION 

l/4 S T R 

CDf'\ 34 150 31 

CDO 34 150 31 

cnn 34 1 50 31 

BAB J l 1 /+6 31 

Fl AB 1 1 l l, 6 31 

BAR 1 1 l ll 6 31 

f:1/\ B l 1 J l,6 31 

BAEl l 1 1 4. c 3 l 

fjA 8 l 1 l ti 6 31 

[IA Fl I 1 l /4 6 31 

4. AD 1 l l1 l 31 

AAD 1 1 4 l 31 

AAO 1 1 41 31 

CR ] ") 142 34 

(8 l r:· .:;, 1 42 :14 

CP 15 1 42 1 /; 

CR 15 142 34 

SAMP. 

ELEV•. 

1341 

1336 

1331 

1346 

1341 

1 336 

1331 

1326 

1321 

1236 

1446 

1441 

1439 

1576 

1572 

1566 

IS61 



SAMP. 

CEPTr 

1 q 

24 

29 

4 

9 

l ti 

19 

24 

29 

E4 

Lt 

Q 

1 1 

4 

e 

1 4 

19 

116 

TF :X TURF 

5r> SLT CLY 

7 69 25 

3 71 ?.6 

4 f, c; 26 

70 ?7 3 

<=; () 35 15 

27 ,~o 34 

1 3 66 21 

I 1 f)<;J 20 

4 70 25 

25 :.'<'.; I IS 

17 lt 5 38 

3 ': 35 3 () 

"""' 30 14 

l5 6c: 1<1 

f2 30 7 

f :~ 2q 8 

'5 7 -:,,=: B 

L tTHOLOGY 

XTAL C03 SH 

0 0 0 

0 0 0 

0 0 0 

72 22 7 

75 16 9 

63 26 10 

80 15 5 

71 . 21 8 

0 0 0 

86 12 1 

0 0 0 

89 1 1 0 

90 g 1 

0 0 0 

87 1 3 0 

90 10 0 

90 l•) 0 
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Table 5. Occurrence and site averages of lithostratigraphic 
units. 



Red Lake St. Hilaire 
Huot Fm. Falls Fm. Fm. 

Sd Slt Cly Sd Slt Cly Sd Slt Cly 
Xtal C03 Sh Xtal C03 Sh Xtal co3 Sh 

N-140 14 38 48 39 40 21 
44 44 12 61 35 4 

N-141 9 58 32 52 32 15 
67 33 0 54 43 4 

N-144 8 36 57 39 45 16 
66 28 6 53 43 4 

N-146 37 46 16 
50 48 2 

36 42 22 
N-1008 52 32 16 

N-1011 2 6 92 38 33 29 
53 37 10 

N-1914 17 52 31 36 41 23 
56 39 6 52 24 24 

25 52 23 
N-1915 71 14 14 

N-1916 

N-1917 24 47 29 28 44. 28 
58 41 1 45 30 26 

N-1918 32 42 26 24 37 39 
58 31 11 36 24 40 

N-1919 24 45 31 38 37 24 
53 44 3 44 32 24 

Marcoux 
Fm. 

Sd Slt Cly 
Xtal C03 Sh 

57 32 11 
87 13 0 

53 32 15 

55 28 17 
80 19 1 

54 31 15 
87 13 0 
47 37 16 
83 16 0 
36 38 27 
84 14 2 
35 40 26 
65 28 8 
38 46 16 
76 17 6 

unnamed 
unit 2 

Sd Slt Cly 
Xtal C03 Sh 

36 32 32 
71 28 2 
42 32 25 
70 30 0 

unnamed 
unit 1 

Sd Slt Cly 
Xtal C03 Sh 

20 46 34 
61 38 0 

f-"' 
f-"' 
O:> 



Red Lake St. Hilaire 
Huot Fm. Falls Fm. Fm. 

Sd Slt Cly Sd Slt Cly Sd Slt Cly 
Xtal C03 Sh Xtal C03 Sh Xtal C03 Sh 

N-1920A 37 43 20 
55 40 6 

N-2470 50 40 10 46 35 19 
78 20 4 73 19 7 

N-2471 36 44 20 
65 33 2 

N-2472 27 40 34 
63 26 10 

N-2474 

N-2475 

McI.N. 42 40 18 37 38 25 
59 38 3 43 27 30 

T.V.D.S. 48 39 13 45 38 17 
62 33 5 48 23 29 

Marcoux 
Fm. 

Sd Slt Cly 
Xtal C03 Sh 

57 32 11 
82 16 2 

46 32 22 
90 10 0 

61 31 8 
89 11 0 

55 37 8 
83 16 1 

unnamed 
unit 2 

Sd Slt Cly 
Xtal C03 Sh 

unnamed 
unit 1 

Sd Slt Cly 
Xtal co3 Sh 

-

I-' 
I-' 
I.O 
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Table 6. Means, medians, modes, and standard deviations for 
site averages of lithostratigraphic units. 
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Lithostrati- Charac.- Texture Coarse-sand 
graphic. unit teristic. litholo~v 

Sd Silt Clay Xtal. C03 Sh. 

Huot Fm. 
Mean 8 34 57 59 35 6 

n = 4 
Standard ' 

deviation 4.9 21.4 25.4 13.0 8.2 6.0 

Mean 37 42 21 58 37 5 

Red Lake Median 37 42 20 56 38 4 
Falls Fm. 
n = 15 24,36 16,20, Mode 

37,39 
40 

29,31 
53 33,43 4 

Standard 
Deviation 9.7 5.1 6.7 7.0 6.9 4.1 

Mean 34 40 26 53 24 23 

St. Hilaire 
36 38 24 48 24 24 Fm. Median 

n • 9 
Mode - 37,38 23 - 24 24 

Standard 
Deviation 8.4 5.2 7.0 13.2 5.5 10.9 

Mean 50 35 16 82 16 2 

Median 53.5 32 15.5 83 16 1 
Marcoux Fm. 

n = 12 11 
Mode 55,57 32 15,16 83,87 16 0 

Standard 
Deviation 9.0 5.0 8.1 7.1 4.9 2.7 

unnamed unit 2 Mean 39 32 28 70 29 1 
n = 2 

unnamed unit 1 Mean 20 46 34 61 38 0 
n "" 1 
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APPENDIX III 

SECTION DESCRIPTIONS 

This appendix includes section descriptions for power-auger 
test holes, Red Lake River sections, and composite sections used in 
the subsurface study area. A map indicating the location of these 
sections is included. 
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Fig. 20. Location of data points in area of subsurface study. 



94'30'W. 
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-48'N, 
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Depth in Feet 

0-4 

Huot Formation 

4-15 

Red Lake Falls 
Formation 

15-24 

Depth in Feet 

0-12 

Huot Formation 

12-28 

Red Lake Falls 
Formation 

28-44 

125 

N-140 

Power-auger Test Hole 

NE!t;, NE~, N~, sec. 30, T. 150 N., R. 44 W. 

Elevation 1040 feet 

Section description by K. L. Harris 

Elev. in Feet 

1040-1036 

1036-1025 

1025-1016 

Description 

Road Fill. 

Clay; silty; slightly pebbly; olive 
brown; contains tan, pebble-sized, 
calcareous inclusions; glacial 
sediment. 

Pebble-loam; sandy, silty; crystal
line and carbonate pebbles; yellow 
brown; glacial sediment. 

N-141 

Power-auger Test Hole 

NW~,~. N w1~, sec. 25, T. 149 N., R. 44 W. 

Elevation 1150 feet 

Section description by K. L. Harris 

Elev. in Feet 

1150-1138 

1138-1122 

1122-1106 

Pescri.ption 

Sand; fine to medium grained; brown. 

Pebble-loam; silty, clayey; glacial 
sediment. 

Pebble-loam; sandy, silty; glacial 
sediment. 



Depth in Feet 

0-4 

Huot Formation 

4-14 

Red Lake Falls 
Fonnation 

14-49 

49-54 

Depth in Feet 

0-4 

Red Lake Falls 
Formation 

4-22 

·-- -- - ----------

126 

N-144 

Power-auger Test Hole 

S~, SW?;, S~, sec. 17, T. 147 N., R. 45 W. 

Elevation 956 feet 

Section description by K. L. Harris 

Elev. in Feet 

956-952 

952-942 

942-907 

907-902 

Description 

Road Fill. 

Clay; silty; slightly pebbly; olive 
gray; glacial sediment. 

Pebble-loam; silty, sandy; crystal
line and carbonate pebbles; yellow 
brown; glacial sediment. 

Silt; sandy; yellow brown. 

N-146 

Power-auger Test Hole 

S~, S~, NE~, sec. 28, T. 145 N., R. 45 W. 

Elevation 955 feet 

Section description oy K. L. Harris 

Elev. in Feet 

955-951 

951-933 

Description 

Sand; gray white; limonitic stains. 

Pebble-loam; silty, sandy; yellow 
brown; jointed; limonitic stains 
on joints; glacial sediment. 



Depth in Feet 

Red Lake Falls 
Formation 

0-35 

St. Hilaire 
Formation 

35-80 

80-100 

Marcoux Formation 

100-150 

Depth in Feet 

Red Lake Falls 
Formation 

0-24 
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N-172 

Twin Valley Dam Site 

Composite Section 

SW~, sec. 26, T. 144 N., R. 44 W. 

Elevation 1105 feet 

Section description by K. L. Harris 

Elev. in Feet 

1105-1070 

1070-1025 

1025-1005 

1005-955 

Description 

Pebble-loam; sandy, silty; carbon
ate and crystalline pebbles; yellow 
brown; glacial sediment. 

Pebble-loam; sandy, silty; carbon
ate, crystalline, and shale pebbles; 
gray; glacial sediment. 

Sand. 

Pebble-loam; sandy; crystalline and 
carbonate pebbles; light gray; 
glacial sediment. 

N~so5, 506, 520, 521 

McIntosh Channel, North 

Composite Section 

Elevation 1300 feet 

Section description by K. L. Harris 

Elev. in Feet 

1300-1276 

Description 

Pebble-loam; sandy, silty; crystal
line and carbonate pebbles; minor 



24-75 

75-125 

St. Hilaire 
Formation 

125-150 

Marcoux Formation 

150-155 

1276-1225 

1225-1175 

1175-1150 

1150-1145 
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shale pebbles; yellow brown; 
glacial sediment. 

Silt; sandy. 

Sand.' 

Pebble-loam; silty, sandy; carbon
ate, crystalline, and shall pebbles; 
gray; glacial sediment. 

Pebble-loam; sandy; crystalline and 
carbonate pebbles; light gray; 
glacial sediment. 

N-1008 

Red Lake River Section 

SW!,i;, NEl1;, SEl1;, sec. 18, T. 151 N., R. 43 W. 

Depth in Feet 

Wylie Formation 

0-6 

Red Lake Falls 
Formation 

6-35 

Harcoux Formation 

35-56 

Elevation 1051 feet 

Section description by K. L. Harris 

Elev. in Feet 

1051-1045 

1045-1016 

1016-995 

Description 

Clay and silt; thinly laminated; 
clay is olive gray; silt is light 
brownish gray; laminae thicken 
upward; sharp lower contact. 

Pebble-loam; clayey; unbedded; 
columnar jointing; hard; pale 
olive; up to 1 foot of gravel 
present at sharp lower contact; 
glacial sediment. 

Pebble-loam; sandy; unbedded; hard; 
light gray; abundant pebbles, 
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cobbles, and boulders; lower con
tact not exposed; glacial sediment. 

N-1011 

Red Lake River Section 

NW~, SW~, SE~, sec. 16, T. 151 N., R. 44 W. 

Depth .in Feet 

Huot Formation 

0-13 

Wylie Formation 

13-18 

Red Lake Falls 
Formation 

18-26 

26-38 

Marcoux Formation 

38-60 

60-78 

Elevation 1018 feet 

Section description by K. L. Harris 

Elev. in Feet 

1018-1055 

1005-1000 

1000-992 

992-980 

980-958 

958-940 

Description 

Clay; slightly pebble; unbe.dded; 
gray; contains tan, pebble-sized, 
calcareous inclusions; sharp lower 
contact; glacial sediment. 

Clay and silt; thinly laminated; 
clay is olive gray; silt is light 
brownish gray; laminae thicken 
upward; gradational lower contact. 

Pebble-loam; silty, clayey; unbedded; 
friable; light brownish gray; glacial 
sediment. 

Pebble-loam; sandy, silty; unbedded; 
light brownish gray; sharp lower con
tact; glacial sediment. 

Sand; alternating fine and medium 
grained; flat-bedded to ripple 
cross-bedded; jointed; limonitic 
stains; gravel from 56-60 feet. 

Pebble-loam; sandy; unbedded; 
friable; light gray; lower contact 
not exposed; glacial sediment. 
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N-1914 

Power-auger Test Hole 

s~, ~,~,sec. 18, T. 148 N., R. 37 w. 
Elevation 1465 feet 

Section description by S. R. Moran, K. L. Harris, 
and D. K. Sackreiter 

Depth in Feet 

Red Lake Falls 
Formation 

0-40 

40-56 

St. Hilaire 
Formation 

56-83 

83-83 

85-80 

89-95 

Marcoux Formation 

95-142 

142-156 

Elev. in Feet 

1465-1425 

1425-1409 

1409-1382 

1382-1380 

1380-1376 

1370-1323 

1370-1323 

1323-1309 

Description 

Pebble-loam; silty, clayey; carbon
ate and crystalline pebbles; minor 
shale pebbles; glacial sediment. 

Sand; fine grained; gray. 

Pebble-loam; sandy; lower 3 feet 
silty; abundant carbonate pebbles; 
glacial sediment. 

Sand; medium grained; wet. 

Pebble-loam; silty; contains abun
dant carbonate pebbles; interbedded, 
slightly pebbly silt; glacial 
sediment. 

Pebble-loam; silty; very stony at 
95 feet; glacial sediment. 

Pebble-loam; very sandy; abundant 
carbonate pebbles; thin pea gravel 
at 110 feet; glacial sediment. 

Sand; silty; few pebbles; very 
hard. 
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N-1915 

Power-auger Test Hole 

St$,;, Sw%, SE%, sec. 12, T. 146 N., R. 37 W. 

Elevation 1570 feet 

Section description by S. R. Moran, D. K. Sackreiter, 
and K. L. Harris 

Depth in Feet 

St. Hilaire 
Formation 

0-8 

8-13 

13-18 

Marcoux Formation 

18-57 

57-61 

61-71 

71-84 

84-85 

85-95 

95-102 

102-105 

105-128 

Elev. in Feet 

1570-1562 

1562-1557 

1557-1552 

1552-1513 

1513-1509 

1509-1499 

1499-1486 

1486-1485 

1485-1475 

1475-1468 

1468-1465 

1465-1442 

Description 

Pebble-loam; silty, clayey, brown; 
glacial sediment. 

Pebble-loam; sandy; reddish brown; 
glacial sediment. 

Sand; fine-grained, silty; yellow 
brown. 

Pebble-loam; silty; crystalline and 
carbonate pebbles; yellow brown; 
sandy zone 40 to 50 feet; glacial 
sediment. 

Pebble-loam; silty, sandy; gray; 
glacial sediment. 

Sand; slightly gravelly. 

Pebble-loam; sandy; yellow brown; 
glacial sediment. 

Sand; gravelly. 

Pebble-loam; sandy; yellow brown; 
glacial sediment. 

Sand; gray. 

Pebble-loam; sandy; gray; glacial 
sediment. 

Sand; gray. 



128-140 

Unnamed unit 2 

140-150 

1442-1430 

1430-1420 
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Pebble-lo~; yellow brown shale 
pebbles present; glacial sediment. 

Pebble-loam; reddish brown; crystal
line, carbonate, and reddish vol
canic peobles present;· glacial 
sediment. 

N-1916 

Power-auger Test Hole 

NWI;, SWt;, S1$i;, sec. 28, T. 144 N., R. 37 W. 

Elevation 1720 feet 

Section description by S. R. Moran, D. K. Sackreiter, 
and K. L. Harris 

Depth in Feet 

Marcoux Formation 

0-31 

31-34 

34-62 

62-63 

63-73 

73-85 

85-105 

105-106 

106-116 

116-134 

Elev. in Feet 

1720-1689 

1689-1686 

1686-1658 

1658-1657 

1657-1647 

1647-1635 

1635-1615 

1615-1614 

1614-1604 

1604-1586 

Description 

Pebble-loam; sandy, silty; abundant 
stones; glacial sediment. 

Sand; gravelly. 

Pebble-loam; sandy, silty; blue 
gray; wood at 45 feet; glacial 
sediment. 

Silt; bro,m. 

Pebble-loam; sandy, silty; carbon
ate and crystalline pebbles; orown; 
glacial sediment. 

Sand; coarse to medium grained; 
gravelly 80 to 85 feet. 

Sand; medium to fine grained; wood 
fragments at 95 feet. 

Pebble-loam; glacial sediment. 

Gravel; sandy. 

Sandy gray. 



Unnamed unit 2 

134-148 

Unnamed un.i t 1 

148-156 

1586-1572 

1572-1564 

133 

Pebble-loam; sandy; glacial 
sediment. 

Pebble-loam; silty; very hard; 
stony; greenish gray; glacial 
sediment. 

N-1917 

Power-auger Test Hole 

SW~, Svh, SEl,;, sec. 6, T. 144 N., R. 41 W. 

Elevation 1225 feet 

Section description by S. R. Moran, D. K. Sackreiter, 
and K. L. Harris 

Depth in Feet 

Red Lake Falls. 
Formation 

0-15 

15-30 

St. Hilaire 
Formation 

30-76 

Marcoux Formation 

76-108 

108-136 

136-150 

Elev. in Feet 

1225-1210 

1210-1195 

1195-1149 

1149-1117 

1117-1089 

1089-1075 

Description 

Pebble-loam; silty; glacial sediment. 

Gravel; sandy; coarse-grained; 20 
to 30 feet, fine-grained. 

Pebble-loam; silty; abundant shale 
pebbles; gray; glacial sediment. 

Pebble-loam; sandy; stony; light 
gray; glacial sediment. 

Silt; light gray. 

Pebble-loam; very sandy; stony; 
very hard; glacial sediment. 
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N-1918 

Power-auger Test Hole 

N't~, Si,h, Nt~, sec. 36, T. 142 N., R. 44 W. 

Elevation 1170 feet 

Section description by S. R. Moran, D. K. Sackreiter, 
and K. L. Harris 

Depth in Feet 

Red Lake Falls 
Formation 

0-15 

15-16 

16-36 

36-48 

48-53 

53-56 

56-62 

62-68 

68-74 

St. Hilaire 
Formation 

74-116 

Marcoux Formation 

116-120 

Elev. in Feet 

1170-1155 

1155-1154 

1154-1134 

1134-1122 

1122-1117 

1117-1114 

1114-1108 

1108-1102 

1102-1096 

1096-1054· 

1054-1050 

Description 

Pebble-loam; silty, clayey; brown; 
glacial sediment. 

Silt; sandy; greenish gray. 

Pebble-loam; sandy, silty; carbon
ate, crystalline, and shale pebbles; 
gray; sand at 36 feet; glacial 
sediment. 

Pebble-loam; sandy; glacial sediment. 

Sand; fine-grained; light gray. 

Silt; laminated; light gray. 

Sand; gravelly. 

Sand; fine-grained; abundant lignite 
below 65 feet. 

Silt; sandy; interbedded pebble-loam. 

Pebble-loam; silty, sandy; dark gray; 
abundant shale pebbles, lignite 
present; glacial sediment. 

Pebble-loam; sandy; light gray; 
very hard. 
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N-1919 

Power-auger Test Hole 

~' S~, NW!.i;, sec. 29, T. 147 N., R. 42 W. 

Elevation 1225 feet 

Section description by S. R. Moran and K. L. Harris 

Depth in Feet 

Red Lake Falls 
Formation 

0-25 

25-45 

St. Hilaire 
Fonnation 

45-50 

50-51 

51-52 

52-62 

62-68 

68-87 

Marcoux Formation 

87-91 

91-117 

Elev. in Feet 

1225-1200 

1200-1180 

1180-1175 

1175-1174 

1174-1173 

1173-1163 

1163-1157 

1157-1138 

1138-1134 

1134-1108 

Description 

Pebble-loam; sandy; carbonate 
pebbles predominate; yellow brown 
to light gray; glacial sediment. 

Pebble-loam; silty, clayey; light 
gray; silt bed at 35 feet; 
glacial sediment. 

Sand and silt; interbedded clay. 

Clay; minor interbedded sand. 

Silt. 

Pebble-loam; silty to sandy; stony; 
glacial sediment. 

Sand; fine-grained. 

Pebble-loam; sandy, silty; abundant 
shale pebbles; glacial sediment. 

Pebble-loam; very hard; abundant 
cobbles; glacial sediment. 

Pebble-loam; sandy; fewer pebbles; 
very hard at 116 feet; glacial 
sediment. 
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N-1920A ' 

Power-auger Test Hole 

NE%, NW>i;, NW1~, sec. 11, T. 150 N., R. 42 W. 

Elevation 1126 feet 

Section description by S. R. Moran and K. L. Harris 

Depth in Feet 

Red Lake Falls 
Formation 

0-3 

3-6 

6-42 

42-75 

Elev. in Feet 

1126-1123 

1123-1120 

1120-1084 

1084-1051 

Description 

Road Fill. 

Sand and gravel; coarse. 

Pebble-loam; silty, sandy; carbon
ate and crystalline pebbles, minor 
shale pebbles; gray; glacial 
sediment. 

Pebble-loam; sandy; carbonate and 
crystalline pebbles, minor shale 
pebbles; stony; cobble concentra
tion 42 to 47 feet; glacial 
sediment. 

N-2470 

Power-auger Test Hole 

NW~, NW1~, NW1~, sec. 28, T. 148 N., R. 34 W. 

Elevation 1490 feet 

Section description by D. K. Sackreiter and B. M. Arndt 

Depth in Feet 

Red Lake Falls 
Formation 

0-12 

12-17 

17-19 

Elev. in Feet 

1490-1487 

1478-1473 

1473-1471 

Description 

Pebble-loam; silty; carbonate and 
crystalline pebbles; yellow brown; 
glacial sediment. 

Sand and gravel. 

Sand; medium to coarse-grained; 
clean 



19-33 

St. Hilaire 
Formation 

33-50 

1471-1457 

1457-1440 
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Sand and gravel. 

Pebble-loam; sandy,silty; carbon
ate and crystalline pebbles domi
nant; shale pebbles present; 
lignite present; wood fragments 
present; gray; glacial sediment. 

Marcoux Formation 

50-64 1440-1426 Pebble-loam; sandy; carbonate and 
crystalline pebbles dominant; 
shale pebbles present; gray; 
glacial sediment. 

N-2471 

Power-auger Test Hole 

S~, SE~~ Sfk, sec. 34, T. 150 N., R. 31 W. 

Elevation 1360 feet 

Section description by D. K. Sackreiter and B. M. Arndt 

Depth in Feet 

Red Lake Falls 
Formation 

0-9 

9-29 

Depth in Feet 

Red Lake Falls 
Formation 

0-9 

Elev. in Feet 

1360-1351 

1351-1331 

Description 

Pebble-loam; silty, sandy; carbon
ate and crystalline pebbles; yel
low brown; glacial sediment. 

Clay; black; wet. 

N-2472 

Power-auger Test Role 

NW~, NFk, N'W'lii;, sec. 11, T. 146 N., R. 31 W. 

Elevation 1350 feet 

Section description by D. K. Sackreiter 

Elev. in Feet Description 

1350-1341 Sand and gravel. 



St. Hilaire 
Formation 

9-19 

19-37 

37-39 

39-64 

Marcoux Formation 

64 

1341-1331 

1331-1313 

1313-1311 

1311-1286 

1286 
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Pebble-loam; sandy, silty·; crystal
line and carbonate pebbles dominant; 
shale pebbles present; glacial 
sediment. 

Silt; clayey; lignite fragments. 

Gravel; sandy; cobbles. 

Sand; medium to coarse-grained; 
minor lignite present. 

Pebble-loam; silty, sandy; glacial 
sediment. 

N-2474 

Power-auger Test Hole 

NE!t;, NEt;, SE\, sec. 1, T. 141 N., R. 31 W. 

Elevation 1450 feet 

Section description by D. K. Sackreiter and K. L. Harris 

Depth in Feet 

0-12 

12-20 

20-64 

Elev. in Feet 

1450-1438 

1438-1430 

1430-1386 

Description 

Pebble-loam; silty, sandy; crystal
line and carbonate pebbles; yellow 
brown; glacial sediment. 

Gravel; sandy intervals. 

Sand; medium-grained; yellow 
brown; dry. 
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N-2475 

Power-auger Test Hole 

SW2;, SW~,~. sec. 15, T. 142 N., R. 34 W. 

Elevation 1580 feet 

Section description by D. K. Sackreiter and K. L. Harris 

Depth in Feet 

Marcoux Formation 

0-22 

22-28 

Elev. in Feet 

158 - 1558 

1558-1552 

Description 

Pebble-loam; sandy, silty; crystal
line and carbonate pebbles; yellow 

.brown; glacial sediment. 

Sand and gravel; very stony at 26 
feet; stopped by cobbles at 
28 feet. 
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