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Summary: 

This paper presents the mineral composition of twenty

four Minnesota sands, and the sources from which they are derived. 

The relation of minerals to geology is brought out. Certain pe

culiarities of mineral content are discussed. The former methods 

of judging sands for concrete are reviewed. Some new points, 

which apply to Minnesota sands, are brought out. Chief of these 

are the detection of carbonate coating on grains by temporary ef

fervescence. The open cleavage planes of feldspar can be detected 

by the ease with which grains pull apart with forceps. 
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Introduction . 

Some idea of the importance of the subject of sands can 

be secured when we consider that nearly twenty-two million tons, 

valued at over twelve million dollars were used in the United 
1 

Sta tes in 1920 for building purposes alone. This figure includes 

only a part of the uses, where strength is an important factor. 

The work upon which this thesis is based was limited to concrete 

sands. The purposes for which concrete is used, are rapidly in-

creasing, and a consideration of the sand, which goes into con

crete becomes necessary if the best results are to be obtained. 

The necessity for sand tests is fairly well realized, and the cry 

appears frequently in the various engineering publications. Few 

seem to be aware that sands vary in their mineral content; and 

tests have been made without taking this factor into consideration. 

To show just what some of the Minnesota sands consist of is the 

first purpose of this work. 

Acknowledgments. 

The writer is indebted to the Minnesota Highway Depart-

ment for the samples used in this work. Thanks are due to the mem

bers of that Department for the c~operation extended during the 

progress of the work . The strength tests are taken from their re

cords. Mechanical analyses were made by the author in connection 

With the mineral analyses, but when results varied from those ob

tained from the Department's records the latter were given prefer

ence, being based on larger samples. 

1 . Mineral Resources of u.s. 1920 -Part II, P• 167. 
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Acknowledgment is made to Dr. Emmons , and other members 

of the Department of Geology for valuable suggestions. The writer 

wishes to express his appreciation to Dr. Grout , under whose super

vision the work was carried on, for helpful suggestions, and a 

critical reading of the manuscript. 

Method. 

The method employed in the separation of the sand into 
1 

its constituent minerals, is the one described by Tomlinson. The 

sand is separated according to size . The material greater than 

20 mesh is separated by the aid of a hand lense into minerals and 

rock portions. The grains between 20 and 40 mesh, and between 

40 and 100 mesh are separated according to their specific gravity. 

A Thoulet solution was used for this purpose, and separations at 

2.96, 2.76 and 2.58 were made. Each of these were weighted and 

calculated in terms of the whole sample. When more than one min

eral came down at a certain gravity, the separate was placed on a 

card with a square pattern, made by lines crossing at centimeter 

intervals. The number of grains of each mineral covering several 

from these figures the percentage of each 
squares was counted, and 

When the identity of a mineral was doubt-
mineral was calculated. 

ful, it was determined by placing on a slide, and its index of re-

fraction compared with an oil of known index, by means of the 

Becke line. This method of determination is fully described by 

Larson. 2 Most of the material with a gravity greater than 2.96 

1. Tomlinson, c.w. Method of Making Mineralogical Analysis of 
Sands. 1915. Trans. A. I. M. E. Vol. LII, P• 852. 

2 • Larson, Bulletin 679, u. s. G. S. 1921. 



was examined in this way, as special care was given to determine the 

presence of heavy residual minerals. As ~ further check, a mixture 

of this separate was powdered and tried in an oil with an index of 

1.72 to be sure no aniso~opic mineral with a greater index than 

the oil had been overlooked. 

The accepted method of determining whether a sand is struc

turally strong, is to make up a series of briquets using that sand 

·in a definite proportion to cement. The briquets are air dried, 

and cured in water till tested. like series of briquets is made 

using standard Ottawa sand, and under the same set of conditions. 

The tensile strength of each series is determined, and compared. 

The United States Bureau of Public Roads recommends that this 

strength ratio should be at least one. 



THE ANALYSES. 

Sand Sample No. I. 

Location: Melvin Pit, near Melvin, Polk Co. 

Tests: Passii).g 20 mesh sieve 56.7% 

Passing 50 mesh sieve 27.1 

Passing 100 mesh sieve 4.1 

The ratio of the tensile strength of a 1:3 mortar of this 

sample to the strength of Ottawa sand mortar was: 

7 day, 1.25; 28 day, 1.20 

Qeneral Appearance:- Cream colored dolorri tic quartz sand. 

Composition: 

Quartz 

Dolomite 

Rock frag:trents 

Feldspar 

Hornb1end 

Chlorite 

Biotite 

Ma.gneti te 

Not examined 

59.28 

20.39 

12.25 

3.45 

.88 

.43 

.04 

.01 

2.8 6 (material less than 100 mesh) 

Remarks:- This sand is from the area worked over by Lake 

Agassiz. It shows the characteristics of the western gray drift 

in having some dolomite with brown specks. It is satisfactory 

for concrete. 



Sand Sample No. 2. 

Location: Thorsburg Pit, Thorsburg, Grant Co. 

Tests: Passing 20 mesh sieve 63.8% 

Passing 50 mesh sieve 7.8 

Passing 100 mesh sieve 1.4 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar; 

7 day, 1.02; 28 day, 1.03. 

General Appearance: Cream to grey dolomitic quartz sand with 

grains of black shale. 

Composition: 

Quartz 58.09 

Dolomite 25.20 

Black Shale 4.30 

Trap Rock 3.90 

Feldspar 3.50 

Grey shale 1.58 

Hornblend 1.11 

Biotite .50 

Iron oxide .33 

Magnetite .05 

Glauconite .04 

Apatite .005 

Not examined 1.40 

~marks: This sand comes from an area mapped as out esh avel. 

It meets requirements, but is dangerously close to the minimum re

quirements. 
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Sand Sample No. 3. 

Location: Section 22, T. 127' R. 43, Grant Co. 

Tests: Passing 20 mesh sieve 68.% 

Passing 50 mesh sieve 5.8% 

Passing 100 mesh sieve 1.4% 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa s and mortar ; 

7 day, 1.14; 28 day, .95. 

General Appearance.: Buff to grey dolomitic quartz sand. 

Composition: 

Quartz 45 .35 

Dolomite 45 .40 

Shale 3.90 

Hypersthene 1.52 

Black shale .64 

Biotite .32 

Iron oxide .31 

Igneous rock . 21 

Magnetite .02 

Green tourmaline .001 

ot examined 1.20 

Remarks: This sand is from an area mapped as out~ sh gravel, pro-

bably reworked by Mustinka river. It fails to meet the minimum 

requirements because of fineness, and the 28 day test. 
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Sand Sample No. 4. 

Location: Near Luverne, Rock Co. 

Tests: Passing 20 mesh sieve 58.6% 

Passing 50 mesh sieve 9.7 

Passing 100 mesh sieve 1.7 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.19; 28 day, 1.14. 

General AEpearance: Buff colored dolomitic quartz sand with black 

grains of basalt. 

ComEosition: 

Quartz 

Dolomite 

Igneous rock 

Gray shale 

Serpentine 

Hornblend 

Iron oxide 

Magnetite 

Iron stained chert 

Not examined 

63.16 

28.05 

4.40 

.81 

.63 

.39 

.32 

.04 

.03 

.9 

Remarks: This is a river sand from the banks of Rock River. Its 
-

origin is probably outwash gravel. It meets the requirements for 

concrete. 
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Sand Sample No. 5. 

Location: South of Russell, Lyons Co . s. 19, T. 110, R. 42. 

Tests: Passing 20 mesh sieve 69.% 

Passing 50 mesh sieve 11.5 

Passing 100 mesh sieve 2.5 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.12; 28 day, 1.02. 

General ApEearance: Buff to grey dolomitic quartz sand. 

ComEosition: 

Quartz 69.11~ 

Dolomite 11.69 

Igneous Rock 5.15 

Feldspar 4.36 

Chert 1.00 

Hornblend .92 

Serpentine .50 

Magnetite .48 

Grey shale .30 

Hematite .20 

Biotite .10 

Not examined 2.2 

Remarks: This is from an area of sandy moraine along a branch of 

the Redwood river. It is too fine for concrete. 
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Sand Sample No. 6. 

Location: s. 32, T. 102, R. 27, Faribault Co. 

Tests: Passing 20 mesh sieve 37% 

Passing 50 mesh sieve 9.9% 

Passing 100 mesh sieve 4 . 3% 

General Appearance: Buff to brown dolomite sand. 

ComEosition: 

Dolomite 68.78 

Quartz 27.07 

Shale 2.42 

Biotite .14 

Chlorite .003 

Iron oxide .115 

Not examined 1 .8 

Remarks: This sample is probably f rom the banks of a branch of 

the Blue Earth river. It is possibly a sandy phase of the till. 

It contains but little of the speckled dolomite characteristic of 

the western gray drift. The bulk of the material looks like the 

dolomites of the lower Ordovician which are exposed to the north 

of this deposit. 
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Sand Sample No. 7. 

Location: S. 23, T. 104, R. 4, Houston Co. 

Tests: · Passing 20 mesh sieve so% 

Passing 50 mesh sieve 5.7 

Passing 100 mesh sieve 2.4 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.05; 28 day, 1.02. 

General Appearance: Light colored quartz sand with grains of dark-

er constituents. 

Com_Eosi ti on: 

Quartz 76.73 

Igneous rook 5.83 

Iron oxide 2.91 

Dolomite 2.83 

Black shale 2.49 

Feldspar 2.25 

Grey shale 1.38 

Plagioclase 1.37 

Chert 1.01 

Hornblend .64 

Glauconite .59 

Magnetite .15 

Biotite .05 

liot examined 1.7 

Remarks: This deposit is mapped as alluvial worked over deposit 

of outwash gravel. It is too fine for a good concrete sand. 
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Sand Sample o . 8 . 

Location: s . l , T. 107. R. 7, inona Co . 

Tests: Passing 20 mesh sieve 47 .9 

Passing 60 mesh sieve 39 . 

Passing 100 mesh sieve .08 

Ratio of the tensile strength of 1 :3 mortar of sample to 

strength of Otta a sand mortar: 

7 day , 1 . 44; 28 days , 1 . o. 

ppearance: Dark colore basaltic fel spathic q rtz 

sand. 

Composition: 

uartz 

eldspar 

Other I gneous 
rock 

Dolomite 

Chlorite 

Iron oxide 

orn lend 

lauconite 

gnetite 

ot examined 

66 . 06 

18 . 01 

12 . 26 

8 . 36 

1 . 46 

1 .12 

.76 

.6 

.40 

.04 

. 8 

his sand i from an area ppe alluvi 1 or ed over 

deposit of o ash gravel . In character it seems to belong to t e 

northeast drif t. It is a satisfactor sand for concr te or • 
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Sand Sample No. 9. 

Location: Sec. 4, T. 108 , R. 20. Steele Co. 

Medford Sand & Gravel Co. 

Tests: Passing 20 mesh sieve 54.8~ 

Passing 50 mesh sieve 10.7 

Passing 100 mesh sieve 2.7 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Otta a sand mortar: 

7 day, 1:24; 28 day 1.20. 

General Appearance: Buff to dark grey basaltic dolomitic quartz 

sand. 

Com,Eosition: 

Quartz 41.30 

Dolomite 26.98 

Basalt 10.55 

Feldspar 7.85 

Granite 5.23 

Shale 4.31 

Chlorite 1.51 

Hornblend .73 

Iron oxide .07 

Manganese oxide .01 

Magnetite ~ 01 

Not examined 1.2 

Remarks: This sand is :probably from an outwash gravel deposit 

along the Straight River. It is satisfactory for concrete. 
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Sand Sample No . 10. 

Location: Minn . Pipe & Tile Co ., Mankato . 

Tests: Passing 20 mesh sieve 54% 

Passing 50 mesh sieve 5 . 6 

Passing 100 mesh sieve . 07 

Ratio of tensile strength of 1:3 mor t ar of sample to 

of Ottawa sand mortar : 

7 day , 1:24; 28 day, 1 . 20 . 

General Appearance: Buff to grey dolomitic quartz sand . 

Composition: 

Quartz 

Dolomite 

Granite 

Feldspar 

Basalt 

Shale 

Chlorite 

Hornblend 

Iron oxide 

Magnetite 

Not examined 

65 . 03 

16. 24 

6 . 20 

6 . 10 

3 . 00 

1 . 53 

1. 31 

. 47 

. 12 

. 01 

.40 

strength 

Remarks: This is a river sand in a r egion mapped as out ash 

gravel . It is satisfactory for concrete work . 
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Sand Sample No. 11. 

Location: Near New London, Kandiyohi Co. 

Tests: Passing 20 mesh sieve 54 .5% 

Passing 50 mesh sieve 15.1 

Passing 100 mesh sieve 3 . 8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 
I 1.47; 28 day, 1 . 34. 

General Appearance: Buff to dark grey dolomitic quartz sand. 

Composition: 

Quartz 

Dolomite 

Granite 

Feldspar 

Basalt 

Chlorite 

Horn blend 

Iron oxide 

Biotite 

Magnetite 

Glauconite 

Not examined 

44.97 

34.59 

6.90 

4 . 01 

3.30 

1.10 

,92 

.11 

.09 

.04 

.02 

3.8 

Remarks: This sand is probably from an outwash gravel deposit. 

It is satisfactory for concrete. 
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Sand Sample No. 12. 

Location: Sec. 32, T. 117 N., R. 26, Carver Co. 

Tests: Passing 20 mesh sieve 52.7% 

Passing 50 mesh sieve 5.1 

Passing 100 mesh sieve 1.4 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.08; 28 day, 1 .00. 

General Appearance Buff colored quartzose dolomite sand. 

Composition: 

Dolomite 46.46 

Quartz 39.56 

Feldspar 4.87 

Basalt 3.07 

Shale 2 . 18 

Chlorite 1.23 

Hornblend .66 

Iron oxide .17 

Biotite .004 

Magneti te .004 

Not examined .9 

Remarks: This sand is probably from an alluvial deposit derived 

from a sandy phase of the till. It is satisfactory for concrete. 
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Sand Sample No. 13. 

Location ·: United Ma. terials Co. Pit, South St. Paul, Minn. 

Tests: Passing 20 mesh sieve 63.8% 

Passing 50 mesh sieve 10.6 

Passing 100 mesh sieve 2.9 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.24; 28 day, 1.27. 

General Appearance: Cream to black basaltic quartz sand. 

Composition: 

Quartz 66.69 

Basalt 18.24 

Feldspar 4.34 

Dolomite 4.30 

Qhlorite 1.71 

Granite 1.39 

Hornblend .92 

Iron oxide .68 

Shale .28 

.Magnetite .03 

Biotite .02 

Not examined 1.60 

Remarks: This sand is probably from an outw sh gravel deposit. 

It meets requirements for concrete. 
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Sand Sample No . 14 . 

Location: Fielding & Shepley Pit, Ramsey Co . 

Tests: Passing 20 mesh sieve 46 .% 

Passing 50 mesh sieve 6 . 

Passing 100 mesh sieve 1.8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1 . 37; 28 day, 1 .18. 

General Appearance: 

Composition: 

Quartz 

Basalt 

Other Igneous Rock 

Feldspar 

Eornblend 

Chlorite 

Dolomite 

Iron oxide 

Biotite 

Magnetite 

Not examined 

Red to black basaltic quartz sand. 

47 . 56 

30.52 

10.60 

6 . 81 

1 . 36 

1 . 03 

. 56 

. 14 

.02 

.007 

.70 

Remarks: This sand is probably from an outwash gravel deposit. 

It is satisfactory for concrete. 
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Sand Sample No. 15. 

Location: Shieley Pit, Ramsey Co. 

Tests: Passing 20 mesh sieve 64.% 

Passing 50 mesh sieve 15. 

Passing 100 mesh sieve 2.8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.25. 

General Appearance: 

sand. 

Buff to black dolomitic basaltic quartz 

Composition: 

uartz 

Basalt 

Dolomite 

Feldspar 

Other Igneous rock 

Chert 

Chlorite 

Iron oxide 

Hornblend 

Grey shale 

Diopside 

Magnetite 

ot examined 

60.22 

11.95 

8.39 

4.29 

3 .60 

3.10 

2.64 

1.31 

.92 

.59 

.12 

.07 

2.8 

Remarks: This sand probably has its origin in an out ash gravel . 

It is satisfactory for concrete. 
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Sand Sample No. 16. 

Location: St. Cloud Pit, Sherburne Co. 

Tests: Passing 20 mesh sieve 43.% 

Passing 50 mesh sieve 6.2 

Passing 100 mesh sieve 3.8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.08. 

General Appearance: Rather dark basaltic feldspathic quartz 

sand. 

ComEosition: 

Quartz 39.09 

Feldspar 19.26 

Dolomite 17.02 

Basalt 12.40 

Granite 9.86 

Chlorite 1. 60 

Hornblend .40 

Biotite .ll 

Iron oxide .04 

Magnetite .007 

Garnet .001 

Apatite .001 

Not examined .80 

Remarks: This is from an outwash gravel deposit. It meets re-

quirements for concrete. 
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Sand Sample No . 17 . 

Location: Betzold Pit, Brainerd , Crow Wing Co. 

Tests: Passing 20 mesh sieve 77 . 8% 

Passing 50 mesh sieve 14 . 8 

Passing 100 mesh sieve 3 . 5 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, . 87; 28 day, . 9. 

General Appearance: 

quartz sand . 

Pinkish brown to black basaltic feldspathic 

ComEosition: 

Quartz 73 . 11 

Feldspar 10 . 09 

Basalt 6 . 86 

Dolomite 2 . 39 

Shale 2 . 42 

Hypersthene 2 . 40 

agnetite .22 

Iron oxide . 20 

Actinolite .09 

Not examined 1 . 8 

Remarks: This sand is from an outwash gravel deposit . It is too 

fine and weak for concrete use . 
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Sand Sample No . 18. 

Location: Near Carlton. Carl ton Co . 

Tests: Passing 20 mesh sieve 32 . 7% 

Passing 50 mesh sieve 3 . 4 

Passing 100 mesh sieve . 4 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand 'mortar: 

General Appearance: Reddish brown to black feldspathic quartzose 

basalt sand. 

COmJ20Sition: 

Basalt 71 . 99 

uartz 16 . 94 

Feldspar 4 . 24 

Granite 2 . 96 

Iron oxide 1 . 39 

Hypersthene . 96 

Hornblend . 66 

Iron stain~d cher t . 16 

Augite . 13 

~tagneti te . 07 

Serpentine . 06 

Not examined .20 

Remarks: This deposit is considered to be of glacial river ori-

gin. It meets requirements for concrete . 
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Sand Sample No. 19. 

Location: Hellwig Pit, Sec. 15, T. 52, R. 17, st . Louis Co. 

Tests: Passing 20 mesh sieve 45.2% 

Passing 50 mesh sieve 2.5 

Passing 100 mesh sieve .8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.04; 28 day, 1.00. 

General Appearance: Dark tan to grey quartzose feldspathic basalt 

sand. 

Com;eosition: 

Igneous rock 

Feldspar 

Quartz 

Hornblend 

Chert 

Iron oxide 

Magnetite 

Diopside 

Tremolite 

Spinel 

Not examined 

52.08 

25.79 

14.81 

2.84 

1.25 

.61 

.60 

.16 

.16 

.01 

.7 

Remarks: This sand is probably from a sandy phase of the lacial 

till. 
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Sand Sample No . 20. 

Location: Near Grand Rapids, Itasca Co . 

Tests: Passing 20 mesh sieve 33 . 2% 

Passing 50 mesh sieve 12 . 

Passing 100 mesh sieve . 6 

Ratio of tensile strength of 1:3 mortar of sample to stren th 

of Ottawa sand mortar: 

7 day, 1 :22; 28 day , 1.10; 

General A-ppearance : Pink to white .auartzose feldspar sand . 

Composition: 

Feldspar 54 . 73 

Quartz 34 . 28 

Igneous rock 8 . 98 

Hornblend ,39 

Biotite . 21 

Muscovite .09 

Chlorite .08 

Limonite . 04 

agnetite .006 

Garnet .001 

Not examined . 6 

Remarks: - ---- This sampl e is from an area mapped as sandy but not 

defini t ely an outwash deposit . It is satisfactory for concrete. 
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Sand Sample No . 21. 

Location: Dredged from Lake Superior, near Duluth. 

Tests: Passing 20 mesh sieve 

Passing 50 mesh sieve 9.3 

Passing 100 mesh sieve .8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.21; 28 day, 1.05. 

General Appearance: Fine grained light colored quartz sand with 

some grains Of basalt. 

Com.12osition: 

Quartz 79.44 

Igneous rock 10 . 20 

Chlorite 3.10 

Hornblend 2 . 45 

Iron oxide 2 . 40 

Feldspar 1.50 

agnetite .35 

Diopside .32 

Biotite .19 

Serpentine .17 

Not examined .60 

Remarks: This is a lake sand ith fairly well rounded grains . 

It is too fine for a good concrete sand. 
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Sand Sample No . 22. 

Location: Near Biwabic, St . Louis Co. 

Teats: Passing 20 mesh sieve 58.5% 

Passing 50 mesh sieve 10.6 

Passing 100 mesh sieve 2 .8 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottaw sand mortar: 

7 day. 1.11; 28 day, 1 . 14. 

General ~earance: Pink to dark grey quartzose feldspar sand. 

Composition: 

Feldspar 

Quartz 

Basalt 

Other Igneous 
rock 

Slate 

Hornblend 

Serpentine 

Iron oxide 

agnetite 

Tourmaline 

uscovite 

52 . 61 

26.60 

6 . 50 

5 .90 

3.5 

.71 

.30 

.24 

.017 

.01 

.004 

.003 

ot examined 2.9 

This area is mapped as sandy, but not definitely an out

ash deposit. It meets requirements for concrete. 
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Sand Sample No. 23. 

Location: Young Pit, Calumet, Itasca Co. 

Tests: Passing 20 mesh sieve 54.% 

Passing 50 mesh sieve 12.% 

Passing 100 mesh sieve 1.3% 

Ratio of tensile strength of l :3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, • 9. 

General Appearance: Pink to black feldspathic quartz sand. 

Composition: 

Feldspar 47.55 

Quartz 42.74 

Other Igneous rock 4.20 

Basalt 1.50 

Iron oxide 1.30 

Muscovi te .70 

Horn blend . 36 

Chlorite .27 

Magnetite .06 

Not examined 1.30 

Remarks: This is probably from a sandy phase of the till. It is 

unsatisfactory for concrete use, because of lo t nsile strength. 
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Sand Sample No. 24. 

Location: Young Pit, Calumet, Itasca Co. 

Tests: Passing 20 mesh sieve 40.% 

Passing 50 mesh sieve 5. 

Passing 100 mesh sieve .6 

Ratio of tensile strength of 1:3 mortar of sample to strength 

of Ottawa sand mortar: 

7 day, 1.24. 

General Appearance: Somewhat lighter in color than No. 23. 

Composition: 

Quartz 46.01 

Feldspar 34.01 

Basalt 10.05 

Other Igneous rook 5.95 

Chlorite 1.31 

Hornblend • 90 

Iron orlde .78 

Chert • 27 

Magnetite .03 

Biotite .10 

Not examined .60 

Remarks: This sand is from the same pit as No. 23, but the part 

of the pit from which it came was lighter in color, and so was 

tested, and proved stronger than the other sample. 
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Discussion. 

Since the sand samples used in this work were supplied 

thru the courtesy of the State Highway Department, a detailed dis

cussion of the field occurrence of the deposits can not be made. 

Such remarks as have been made, are based on plotting the location 

of the sample upon a map of the surface geology. 1 ore than half 

of the samples examined came from areas mapped as outwash gravel. 

An explanation for this can be made on the basis of size of grain. 

All these samples were selected for use as c.oncrete sands. Such 

use requires a definite grading s to size. So. unless a sand ap

proached that grading, it would be elimined in the selection . 

Therefore, it appears that from the nature of the deposit, the out

wash gravel has more material of the size s ited for concrete than . 
the others. 

The location seems to be a more ireportant factor in re

gard to the character and per cent of minerals present than the 

type of deposit from hich the sand is selected. The tendency 

seems to be for the out ;ash d~posits to have a greater variety of 

the less common minerals than the other types. This may be due 

partly to the fact that there are more outwash than other types of 

deposits represented. An interesting feature is the presence of 

glauconite in the sands of Houston and Winona counties. This is 

within the driftless area, and the source of the glauconite is lo

cal, being derived from the dolomites of that re ion. 

The chief outstanding feature, recognized as the vari-

1. Map of the Surface Formations of Minnesota. F. Leverett and 
F. W. Sardeson. 1916. 
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ous sands were examined, was the difference in composition of the 

sand from the western part of the state, as compared with the 

northeastern. The western sands are characterized by a brown to 

black spotted dolomite . Dolomite in many places makes up a large 

part of the sand. In some places, a grey shale is present. This 

mate~ial was gathered by the Kewatin ice sheet, as it passed in 
1 

its southern course over Manitoba. The northeastern, or red 

drift, is characterized by abundant feldspar, basalt, and some ig

neous rock. (Noteaccompanying graph.) The red drift is the pro

duct of more than one ice sheet. In some places, there is an over

lap of the grey drift on the red, and the sands here show the char

acteristics of both drifts. The accompanying map shows the loca

tion of each sand, and to which drift it belongs. 

The following ice sheets have been recognized in nne-
2 

sota: 

1. The Superior l obe of the brador ice sheet, an extension 

of ice southwestward from the Superior basin ne rly to Mille Lacs 

Lake; 
2. The Patrician ice sheet, ith southward movement from the 

highlands north of Lake Superior across e stern nnesota to 

points a little beyond St, Paul. 

3. The Kee a~in ice sheet, which moved south rd through 

Manitoba and across estern Minnesota. After the melting a ay of 

the ice that oame from the northern highlands, the Kee atin ice 

sheet extended over some of the ground that ice had vacated . It 

1 . Bull . No . l4- Minnesota Geological Survey, p . 12. F.Le ett 
and F . W. Sardeson. 1919. 

2 . Ibid, p . 15 . 
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List of Minerals found in innesota Sands. 

Quartz Ilmenite 

Dolomite Diopside 

Orthoclase Chlorite 

Micro cline Serpentine 

Albite Apatite 

Oligoclase Tourmaline 

Andesine ( :rJanganese oxide 
(probably manganite. 

Kaolinite Garnet 

Chert Augite 

Chalcedony Diallage 

Magnetite Spinel 

Hornblende Epidote 

Glauconite Hypersthene 

Hematite Actinol ite 

Limonite Sericite ( ? ) 

Biotite Anorthoclase ( ? ) 

uscovi te Graphite ( ?) 

The abundance of each mineral is sho n in the fore oing anal-

ysis. 

The study bas brought out the absence of beav minerals like 

monazite and zircon in the sands examined. Both these minerals 

have been reported in gl cial sands from Ohio. 1 onazite seems to 

be rare in the parent rook over hich the glaciers passed, but not 

1 . D. Dale Condit, Petrographic Character of Ohio Sand, J. of Geol. 
Vol. XX, p . 158. 
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1 
not wholly unknown. F. F. Grout reports a few grains in the Pe -

matites of the Duluth gabbro. ith such an apparent limited sup-

ply, this mineral may not have found fts way into the samples ex

amined, or the occasional grain present may have been overlooked. 

On the other hand, zirco n is present in small amounts in several of 

the granites of the state. This mineral is very resistant, and 

should survive if it was present. Measuring the zircon of several 

thin sections, shoved the largest grain in granites to be .14 mm, 

which is considerably under 100 mesh. ( .24 mm.) So, if it s 

present, it would most likely be in the material under 100 mesh. 

ith the exception of two samples, this fine material s not ex-

amined in detail. This is probably the reason this mineral as 

not found. 

broad 

follo 

1. 

2. 

3. 

The question arises as to hat makes a good concrete sand. 
2 Chapman and Johnson, ho have considered the subject fro a 

viewpoint, have summarized the req isites for good sa nd as 

s: 

It must be properly graded in size. 

It must be free from coating. 

It must be structurally stron . 

The u. s. Bureau of Public Roads reco ends the follo ing 

grading for use in first class concrete: 'All to pass a 1/4 inch 

1. F.F.Grout, Pt gmatite of the Duluth Gubbro Eco. Geol. Vol. 13, 
page 193. 

2. Safe Concrete Demands Kno ·ledge of ature of Sands, Chapman & 
Johnson, Eng. Record, Vol. 30, page 771. 
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sieve, to have at least ZO and not more than 50 per cent retained 

on a 20 mesh sieve, at least 80 per cent on a 50 mesh sieve, and 

at least 97 ~er cent on a 200 mesh sieve . " Sands hose grains 

are mostly under 1/32 of an inch wi l l reauire twice the cement a 
1 

coarse sand woul d reouire to make a concrete of eaual stren th . 

The chief form of coating on sand discussed in literature 
2 

is a thin film of organic matter surrounding each grain . This 

coating is more or less visible , and is of brown color. The harm 

it causes is in preventing the attachment of the cement to the 

grain. This defect is sometimes overcome by using another brand 

of cement, which contains a small quality of alkali, and is able 

to break thru this filmy ba rrier and get a firm grip on the sand 
3 grain. Free states that sand in s ampy regions becomes coated 

wit~ tannic and gallic acids and these binder, a nd even prevent 

the normal chemical action of the cement. Such material is in the 

colloidal form , and can be removed by asbing, or by the addition 

of inorganic salts to flocculate it. The use of salt ater has 

been suggested . 

In examining some of the sands from the estern part of 

the state, in hich a considerable amount of dolo ite is present , 

it as noticed that the quartz grains effervesced in acid for a 

moment, and then the action stopped . This a s probabl due to a 

carbonate coating about each grain . Some of the tests on t hese 

sands were low , and the question arose hether this carbonate as 

1 . Taylor, F . W. and Thompson , S.E . Concrete, plain and rei~forced , 
p . 159 a . 1911 . (2d ed . ) 

2 . Freeman, J . R. Defective Concrete Sand . Eng. e s, Vol . 67, 
p . 1022 . 

3 . Free, E. E. Eng . Ne~s, Vol . 67, p . 1024 . Proposed Stud of 
Concrete Sands . 
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1 
sition. 

2 
Taylor, after a thorough test ith several kinds of cem-

ent, and in which nearly three thousand briquettes ere broken, used 

crusher dust in place of sand, in the Boston Harbor. He concluded, 

that the cement having in the crusher ust a smaller per cent of 

void to fill made the resulting mortar a more compact mass. Also , 

that crusher dust does not run even, and should be screened . Lately, 

some doubt h s been raised, as to ho 

er du~t sands up in the field . 3 

Shale 

ell concrete made ith crush 

The estern innesota sands also contain some gre shale. 

In no place has the effect of shale in sands been described, 1-

though general statements that sands containing t enty per cent 

should be rejected even for small operations , have been made . A 

series of tests ere made to determine the effect of a small per 

cent of shale. The tensile strength of 1:2 mixture of nd o . 15 

was determined . o per cent of Decorah shale be een 20 and 40 

mesh as added to some of the same sand , and the test sho ed a de-

crease in strength of 18%. Five per cent s then tried. he re-

sult is shown in the accompanying curve . s a check, a like series 

as run on Sand o . 18, ith practically the same re lts. ese 

tests ould indicate that t ·ent per cent of shale is too hi h a 

limit to set in most cases . he kind of shale o l no do bt be a 

factor in ho mueh shale could be present nd still ha e the result 

ing mortar sufficiently stron . 

1 . Tayl or, F •• and Thompson, S.E. Concretes, Plain and Reinforced 
2d ed ., p . 166 . 1911. 

2 . Captain Harry aylor . Tests to Sho Suitability of v rious 
Kinds of Sand for use in Concrete . Eng . e s, Vol . 49. p . 306 . 

3 . Concr e t e, Engineers' Hand Book, Hool and Johnson, pa e 221 . 
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More comment has been made on the effect of clay than any 

other one thing. For some time the specifications have called for 
1 

a clean, sharp sand . Under the direction of Sherman, a series of 

tests were made in which ten thousand briquettes were broken . The 

conclusion reached was that clay or loam up to 10 or 15% increased 

rather than decreased the strength of sand in concrete . 

Hain2 made a number of tests on washed and unwashed sands 

in which the washed sands gave poorer results than the natural mat

erial. He concludes that clay up to 12%, if evenly distributed 

throughout the sand, is not harmful, but rather beneficial . 
3 E. K. Coe found that clay up to 13t% increased the strength 

of sand. 
4 F. 1 . Roman believes that a small per cent of clay increas-

es the trength of mortar. But, organic loam even in very small a

mounts will cause a decrease of strength. One and one-half per cent 

of organic matter is sufficient to decrease strength 15 to 20%. 

Clay has a more harmful effect on concrete made from natural 

cement than on that de from Portland cement. Sabin thinks amounte 
6 

of clay up to 6% are not harmful in either cement, althou h ith 

lean mixtures with Portland cement, clay, in amounts froL 10 to 25% 

of the sand adds to their strength and renders them more ater

proof. 

1. Bull. 2, Ohio Geological Survey- Uses of Hydraulic Cement, p .33. 
2. Rain, J.C. Some Tests of Impure Sand for Concrete. Eng. e s, 

Vol. 63, p. 127. 1905. 
3. E.K.Coe. Effect of Clay on Lean ortar Mixtures . Eng. s, 

Vol. 53, p. 206. 1905. 
4. Roman, E.L. Effect of Fineness of Sand, Clay and Loam on 

Strength of Mortar . Eng. & Contractor, Vol.43, p.406. 1915. 
5. Sabin, L.C. Cement & Concrete. 2d ed.pp.319. 1907. 
6. Ibid, p. 271. 

37 



1 Others found that strength of sands ere increased by pres-

ence of clay in lean mixtures. 
. 2 

Chubb and Chaffin noted the effect of weathering and tem-

perature upon sands high in loam and clay. The percentage of loam 

used ere from 10 to 27% by eight of the sands used in the mortar. 

One set of briquettes was placed in water inside, and another set 

outside, exposed to all kinds of eather, over a period of 8 months . 

Some of their conclusions ere as follows: 

1. A cement mortar containing 1 rge percentages of loam ill 

not reaoh its ultimate strengt~ as quickly as one containing little 

or no loam. The rate of increase in strength, ho ever, beco es 

greater for a large percentage of loam, over lo percenta es, as 

the age increases, at least up to 8 months' limit. 

2. If a mortar is to be used in a structure .hich is to be im-

mediately subjected to eat stress, a sand should be used hich 

does not contain more than lo% of loam. 

3. ortars exposed to the eather gain strength more slo ly 

than those placed under ater, but ultimately the attain equal 

strength. 

4. The mortars containing the highest percenta e of loam 

eathered better than the clean sand mortar, and the mortars con-

taining the lo er percentage of loam. The curves for similar mor

tars hich ere kept outside and inside, did not har onize at all 

for the lo er percenta es of loam used, but for the hi her percent

ages of loam curves paralleled each other, the outside stored or-

1. Greisenauer, G.J. Loam & lay in Sand for Concrete. En • e ·s, 
Vol. 51 p . 413. 1912. 
Huestis, C.C. Eng. e s, Vol . 53, p . 231 . 

2. Bull . 2, Geological Survey of Ohio. Uses of Hydraulic Cement, 
p. 34. 
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tars being slightly lower in strength up to the 8 montt period , but 

gradn lly approaching each other as their age increased . 

The variation in the size of the grains of sand or the per

centage of voids, determinesthe amount of loam which can be added . 

6 . About 20% of loam is the highest safe limit for concrete . 

Many of the foregoing writers agree that clay is harmful 

in sands to be used under w ter. 
1 

The explanation given for the increased stren th obtained 

is that in the addition of smaller particles of material the amount 

of voids is decreased . 

The riter found th t all clays do not affect sands the 

same ay. While determining the effect of shale, some of the De

corah formation as ground, so as to pass the 100 mesh sieve . This 

s added to Sand No . 15, and the results are contrasted 1tn that 

of shale .as grains in the foregiven curve • . he addition of this 

clay ;eakened the sand slightly, but 5 les in proportion tha 2 . 
2 of clay from the Cretaoe ns near e Ulm as added to the me 

sand, and increased the strengtl:J 10%. bus , not onl the percent-

age of voids determines ho much clay can be present , but the kind 

of clay present , plays a large part in hether the resultin con-

crete is to be strong or eak . 

t esting • 

his can onl be determined b 

Quartz 

Quartz is the most common ineral in sands . It occurs n 

l arge amounts in all sands of -innesota . Due to its resistance to 

eathering and lack of cleavage , it makes an ideal substance for 

concrete. In general, the sands highest in quartz make the best 

sand, 2 other things being equal . 
1 . Bull . 2 . Ohio .Geol . Survey, p . 34 . 
2. Sand a Vol . l . pt . l . 1908 . 

39 



Feldspar 

Feldspar is an import nt constituent of sands, making up 

as much as 54 per cent of some of the sands of northeastern tinne

sota. Some of the sands from this region gave trouble, and elimin

ating all other possibilities, it ~as decided that the feldspar 

was the cause. The cleavage planes of this feldspar appeared to be 

open, for ~ith the aid of forceps, or even 'ith the fingers in some 

cases, the grains could be pulled apart, or broken. This as the 

principal indication that the feldspar was weathered, or in most 

cases the degree of coalition as slight. 

A series of tests was c&rried on in cooperation with the 

Stete High ey Department to determine the effect of feldspar in 

sand. In these tests, Shiely's sand :as used, and the part re

move ~as the same size as t he feldspar adde , so that the rading 

us kept constant in all cases. An analysis of this sand is iven 

under Sample o. 15. Results re given in the follo in table. 

The conclusions arrived at from these tests, and ro ·crcscopic 

examination of sands containing feldspar are as follo s:-

1. The condition of the feldspar, that is, the de 0 ree of 

eathering, determines how muct feldspar may be safely present. 

2. The · akness due to open cleava e planes is more marked in 

the grains over 20 mesh than those smaller. 

3. Fresh feldspar up to 50 per cent of a sand makes an a re-

gate of sufficient strength. 

4. Sands ith 35 to 50 per cent of eatcered feld par should 

be closely atched and tested from time to tirr.e. This state~ent is 

based on a series of tests in hich e thered feldspar .as added 

up to 22 per cent of the sand, 'ith only a sli ht decrease in 
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Tests on Feldspar 

Series A 

Fr esh Feldspar between 20 and 40 mesh. 

Set 
No. 

Sand % 
Shiely : Feldspar 

Tensile Strength 

Average of 3 briquets 
7 day 28 day 

Series B 

Fresh Feldspar -
Set No . 2 Feldspar between 1/4 inch and 10 mesh 
Bet No. 3 and 4 - " " 10 and 20 mesh 

====~=============~~= --~------
Set : Sand % Tensile Strength 

--Shiely Feldspar verage or-5 br iquets ~o. :--~~~---=-~~------

1 
7 day 28 day 

100 0 357 - 425 
2 92 : 8 340 417 

so--=---~~- : --3--50" : 41-~-
r.o:--22.5 --:- 343 : - 44_0_ --____ _ 

__ __o_ ___ ----

Series C 

eathered Feldspar ith same grading as Series B. 

Set 
No . 

Series D 

:eathere Feldspar same. grading as hiely and 

Set : Sand % 
No . : -Sll1 ely --.~.c.;,F..-e-..1-...d-s_p_a_r .. . . . 
2 

. 
• 100 

50 
. . - --

0 
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trength. Also, on the fact that sand o . 24 , cont inin 34 per 

cent eathered feldspar, gave a teat of 1 . 2, hile Sand o . 23 from 

the s me pi t containing 47 per cent feldspar gave a test of .9. 

5 . Sands ith 0 per cent eathered feldspar should be re

jected . An average of several briquets using Shiely sand gave a 

test of 342 pounds per square inch . Under the same conditions, and 

.ith same grading , a sample made of 50 per cent feldspar and 50 per 

cent Shiely sand, gave a test of 275 pounds. This sho s a l oss of 

67 pounds or approximately 20 per cent. The stren th ratio com

pared ith standard Otta·a sand mortar under the same condit ons 

as 1 . 02, or dangerously close to the minimum requirement . These 

figures are based on a 7 day test, and no doubt feldspar ould sho 

up much eaker at the end of a longer period, even a 28 d y test. 

ice 

In the sands examined, mica as found in small quantities, 

but never in amounts up to 1 per cent. any ere ;ashed sands, and 

in their natural occurrence the amount may have been lar er . The 

content of mica hould be closel atched, for ery little is disas-

trous . The eakness is due lar ely to the openne of the ole v e, 

as in the case of eat ere feldspar, and the ease ith bic it 

pulls apart . 
1 

illis found that the addition of 2 per cent of finely 

ground mica to Otta a sand reduced the strer. t of the ortar at 28 

days about 33 per cent, and also increased the er cent of vo d n 

the sand. 

Cochran,2 and Champman and Johnson3 

1. illis, Ce ent e~ 
2. Cochran, J . Engineering 
3. Engineering Record, Vol. 

p . 172, arch 
Contractin , 

~. p . 771. 
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to the e knee caused by mic in excess of 2 per cent. 

Hornblend 

Hornblend as found in most of the sands examine , but 

seldom made up over 1 per cent of the sands. The effect of horn

blend in larger amounts bas not been determined , but it ould prob

ably act like feldspar, as it also bas t o cleavages. It is evi

dent that little of the weakness of innesota sands are due to it . 

Pyrite 
1 

According to the Bureau of t ndards the presence of or an-

io matter, sulphides, and soluble alkalies, is to be voided in 

sand • o pyrite or other sulphides ere found in the sands ex-

amined. his .as to be expected, as oxidation nd e therin ould 

elimin te them. 

The occurrence of pyrite concretio~s is kno n in sediments, 2 

but these do not seem to enter into the sands of this state. 

1. Circular Io . 45, p . 3 -3~. 1913 . 
2 . . I . Goldrr.an, aryland Geological Survey. Upper Creteceans of 

~ryland, p . 124. 
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