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EXPLANATION

The Survey issues two series of publications asg follows:

BULLETINS.—Some subjects have been investigated a longer time,
full data have been gathered, such preparatory or experimental work as
was necessary has been entirely or nearly finished. In other words, the
study of the subject is actually completed or so nearly so that the
results can be relied on and published with a degree of confidence as to
their wvalue; and the treatment is full and thorough. In such a case
the matter is published as a bulletin.

CIRCULARS.—But often during the -progress of the work enough
information is at hand to be of value to those interested, yet not enough
for a complete treatise. A part of a county or a part of a certain sub-
ject may be finished, perhaps, and publication waiting for the complete
investigation of the whole county or the whole subject. There may be
2 demand for statistical matter, or lists of references, or current infor-
mation, etec., which would hardly do for a formal bulletin, Such partial
reports, summary reports, reports of progress, lists, or unit fragments
of larger subjects, ctec., are handled in circulars.

It is planned to publish the circulars frequently and the bulletins
at Jonger intervals. With this arrangement much information will
reach the public with a minimum of delay.

Inquiries may be addressed to the State Geologist, Vermillion,
S. D.
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INTRODUCTION

FOREWORD

The following report is based on a two months’ survey of Min-
nehaha County during the summer of 1925. The object of the
survey was to ascertain the location, volume, and character of the
sand and gravel deposits of the county with a view to their more
efficient use as materials for road, concrete construction and similar
purposes. Many deposits are now open and are providing large
quantities of these materials. The supply is not inexhaustible and
the demands for sands and gravels will increase in the future as the
cities and towns of the county grow and the traffic on the roads
increases.

LOCATION AND AREA

Minnehaha County lies in the goutheastern part of South Dakota
(see Fig. 1), its eastern edge being the boundary line between South
Dakota and Minnesota., Its southeastern corner ig the tristate corner
of Minnesota, lowa, and South Dakota. Its length east and west is
34 miles, while from north te south it is but 24 miles. The entire
county was covered in this survey, making a total of 316 square milas.
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Figure 1. Index Map

Black portion shows area covered by this report.
Shaded portions give location of other reports already published.
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METHOD OF WORK

All the deposits of the county are of glacial origin. To make
the survey completely and rapidly, therefore, it was mnecessary to
determine the limmits of the two drift sheets which oceur in the.
county, the positions of the old channels whkich carried off the glacial
waters, and other places in which deposits could form. A skefch
map was made of the entire county, using a base map with a scale of
a mile to the inch. Distances were measured with an odometer and
checked on section corners. All favorable localities were tested and sam-
ples taken from gravel pits and auger holes. These samples were run in
the testing laboratory of the Department of Civil Engineering of the
University of South Dakota, to determine their character and suita-
bility for wvarious uses. Estimates of volumes were made in the
field and in all cases the more conservative figures are used in this
report. '

PREVIOUS WORK

There has been no work done directly on the gravels of this
county, Former State Geologist, James E. Todd, published two re-
ports on the glacial geology of the State in which this county wag
included.r This work, however, was reconnaisance and therefore
only the general features of the county were described.

The present State Geologist, Dr. Freeman Ward, spent a summer
in the vicinity of Sioux Falls in 1916 in study of the clays of the
region. His work was not published but the writers were given
access to his notes and samples.

ACKNOWLEDGMENTS

The authors wish to express their appreciation of the assistance
given by Dr. Ward in the use of his notes and by suggestions gained
from his experience in the county. They also wish to acknowledge
the courtesy of Mr. A. N. Boyton, County Engineer of Minnehaha
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preciate the cooperation of the citizens of the county who gave valu-
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1Todd, J. T., The Moraines of the Missouri Coteau and Their Atten-
dant Deposits: U.8.G.8., Bull, 144. 1896.

1Todd. J. E.. The Moraines of Southeastern South Dakota and Their
Attendant Deposits: U.S.G.3., Bull. 158, 1899,
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GEOLOGY

E. P. Rothrock

A study of the geology of the sand and gravel deposits is of
more than academie interest, for it is by interpreting the geologic
conditions under which the deposits were formed that their locations
can be discovered quickly; and it is the physiographic form into
which the geologic agents have carved and moulded them that telly
the amounts of materials the deposits may contain. The great de-.
posits of the Big Sioux Valley or the ridges and knobs of gravel in
the vicinity of Garretson are there because certain geologiec agents
put them there. Sand and gravel deposits are so closely tied up with
the geology of the region in which they occur that it has been found
expedient in all surveys of this kind to determine the geologic featureg
which bear on their formation in order to insure complete and rapid
surveys. It will not be amiss, therefore, to outline the larger fea-
tures of the geology of Minnehaha County and to point out the part
played by wvarious agents in the formation of sand and gravel
deposits.

The deposits of the county are all of glacial origin and the
stery of their formation will be the story of the invasion of the
county by portions of the great ice sheets which covered the northern
part of our continent thousands of years ago, during the time'_
known as the Pleistocene Bpoch. A glance at the geologic map
(Fig. 4) will show four prominent sets of features from which the
story can be read. On the western side of the map is an area of
young glacial drift, poorly drained and swamp covered. The eastern
two thirds is a region of older glacial drifts, much cuf by streams.
Running north and south across the county are several great valleys
through which the torrents from the melting ice found outlets. Ex-
posed in the !bottoms and sides of some of the valleys are small
outcrops of the bed rock which carry their bits of evidence as to
the country over which the ice rode. These, then, are the features
which will explain the origin of the sands and gravels and will give
the clue to their location and character.

THE BED ROCK

What little is known about the topography of the county before
the ice sheets came must be gleaned from the exposures of bed rock
and from data derived from well drilling, for a thick mantle of
glacial debris has filled the old valleys and covered the old hills.
Bed rock has been uncovered in many of the stream valleys, how-
oeven, since the ice left, the best known exposures being those at
Sioux Falls, at:the Dells south of Dell Rapids and at Devil’s Gulch
and the Palisades near Garretson.
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At the once beautiful falls at Sioux Falls the water descends
through some 60 feet.of quartzitic bed rock. The samme rock is ex-
posed for about a half mile below the falls and up stream for about
a mile. These outcrops are found hoth in the ‘bottom and in the
bluffs of the valley. A small outcrop occurs in a little valley at the
southern edge of the:city three miles up stream from the Falls. No
outcrops were observed between thig last one and the Dlace where
State Highway 38 (Custer Battlefield Highway) crosses the Big Sioux
Valley west of Sioux Falls, though bed rock is probably not far be-
low the bottom of the wvalley. Just west of the bridge the rock out-
crops over a half section of the valley floor on both sides of highway.

A second area occurs about six miles east of Sioux Falls, in the
vicinity of East Sioux Falls and Rowena. These outcrops cover a
larger area than do those in any other part of the county. The rock
is exposed in the bluffs of the Big Sioux Valley, at East Sioux Falls
and on the bluffs of Beaver Valley, where it joins the Big Sioux. In
the vicinity of Rowena, it forms part of the floor of the long gentle
slope which ends in the bottom of the Big Sioux Valley.

The outcrops near the northern end of the Big Sioux Valley in
the vicinity of Dell Rapids, are well known, because one of the most
conspicuous exposures is in the canyon called the Dells. Bed rock
is exposed for three miles of the valley’s length, some of it in the
valley floor and some outcropping in the bluffs. About three miles
west of the Dells small exposures occur in the bottoms of a number
of smaller valleys, and a very small outcrop occurs just east of
Baltic, four miles south of Dell Rapids. :

The Palisades and Devil’s Gulch are two scenic spots in the
outcrops along Split Rock and Slip-Up creeks. Exposures occur
along Split Rock Creek from a mile east of Sherman (N. E. corner
of T. 103 N., R. 47 W.) to a mile south of Corson, a tota]l distance
of about 14 miles. The rock is exposed in the bluffs of the valley,
making bluffs as high as 55 feet, and also in places in the valley
bottom.

Slip-Up Creek and its tributaries have bed rock exposed in
many places in T. 103 N., R. 48 W., the most numerous outcrops
being in the northeastern quarter of the township. These exposures
are always in the bottoms of the small valleys, differing from the
outcrops of the Split Rock valley in that they do not form cliffs.

The westernmost outcrops are about three miles north of Hart-
ford in the valley of Skunk Creek, near its forks. One occurs in the
bottom of the valley of the west fork in the 8. E. %4 section 33, T.
103 N, R. 51 W., where a few square yards of bhare rock are ex-
posed near the road. The second lies about a mile and a quarter
southeast of the first, in the northern part of section 13, T. 102 N.,
R. 51 W., where the rock makes the floor of the valley and forms
some low cliffs on the eastern bluffs.

Materials: —

Quartzite—Most of the bed rock exposed is the dense quartzite
8



which goes by the trade name of Sioux Falls granite. This ig an
exceedingly llard rock composed almost entirety of pure guartz. In
most places it is so dense that it strikes sparks and bounces the
hammer off without breaking. In some places, however, small
patches can be found which will ¢rumble under the hammer into a
medium grained sand. Microscopic examination has shown that the
rock is a sandstone which has been so firmly cemented with silica
that it breaks through the original grains instead of around them.

Its color is predominantly pink to reddish and is due to a coat-
ing of iron oxide which surrounds the sand grains. When this film
is absent, the rock is a light gray or even a porcelain-like white,
Where it ig present in small amounts, it gives a pink color which
deepens to a red as the amount of the iron increases. Some layers
contain so much iron that they are a deep brick red. The pink
color is so characteristic, however, that the rock is commonly known
as the pink quartzite.

In the cliffs the rock shows bedding, layers being from one to
five or six feet thick. Within the large beds iz much cross-bedding,
the cross beds dipping at angles of 10 to 30 degrees to the planes
of the large beds, No uniformity or system in either the directioa
or amount of dip of the cross beds was noted. They differ not only
in different beds of the same outcrop but in different parts of the
same bed.

Ripple marks are prominent features of the guartzite. These
are rows of little parallel ridges from one to three incheg in height,
the crests being from two ‘inches to a foot apart. They lie on the
bedding planes and there are few outcrops which do not show one
or many slabs covered with them. While the trend of the ripple
marks is the same on each slab observed, their direction on different .
slabs varieg greatly, in many instances bheing at right angles on slabs
not more than g foot or two apart vertically.

Since the formation of the quartzite, movements have taken
place within the earth which have cracked it. There are two majorn
sets of roughly vertical cracks. or joints as thev are called, and they
have the samne trend over the entire county, One set trends about
north and south, and the other about east and west. A third set,
which ig at an angle of about 45 degrees to the main joints, ocecurs
at many places. The effect of the jointing is to break the rock into
trapezoidal blocks varying in size from one to two inches across,
where the joints are close together, to two or three feet, where they
are farther apart. The steep walled canyon and scenic nooks of the
Dells and Palisades are a result of this jointing.

The thickness of the guartzite is not known aund estimates vary
greatly. The largest one published is 3,000 to 4,000 feet.l A more
conservative estimate wag made by James Todd, who put it at 1,500
feet.2 The city well at Garretson was drilled more than 6§00 feet

Trving, IRR. D., Fifth Ann. Rept. of the U.S.G.8, p. %01, 1885,
Todd, J. IZ.. Geology of South Dakota: S. D. Geol. and Nat. Hist.
Surv.,, Bull. No. 1, p. 35. 1895
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without completely penetrating it. It may be said, therefore, that
the thickness of the quartzite is certainly more than 600 feet and
probably about twice that figure.

The origin of such a formation is an interesting speculation.
The sand was deposited on the shore of a great sea which covered a
large area in this part of the continent. The wide extent of the
formation, the uniformity in the size of the grains, the abundance
of ripple marks, and the cross-bedding, ail point to this conclusion.
Just where the sea lay and what was the position and condition of
the land whieh provided the sand, is not known. It is known, how-
ever, that the old shore line extended as far west as Mitchell, for
the quartzite is found outcropping in many places bhetween fhat city
and the outcrops described here. The present hardness of the rock
is due to the cementing of the sands of the ancient beach by silica.
This cement was probably deposited loug after the beach had been
buried under other sediments. The cementing process continued
until the spaces between the sand grains were completely filled and
the rock came into the condition in which it is found today.

That these processes are not recent becomes evident with very
little study of the quartzite. The time required for the formation of
such a thick deposit of sand would be wvery great, Much greater
amounts of time would be required to cement the sand into quartz-
ite, for the precipitation of such large amounts of silica is not a
rapid process under the conditions which have prevailed in the
quartzite. If, to the above, sufficient time bz added for all the geo-
logic actions that are known to have taken place since its formation,
the time at which the sand was deposited moves back well into the
early part of geologic history.

The concensus of opinion among geologists is that the quartzite
was formed in pre-Cambrian times and that it probably belongs to
the "group of rocks formed in Huronian time. In support of this
view, Beyerl says: ‘. . . The lithological characters are almost
identical with those of the Baraboo quartzite in Wisconsin, The
latter has been referred with some degree of confidence 'to the Hu-
ronian by both Irving and Van Hise. The diabase mnear Corson in
South Dakota and the quartz porphyry discovered at Hull in Iowa
are strikingly similar to the intrusives which are peculiar to the
Huronian in the Lake Superior region.” Whether the Huronian be
the true age of the rock or not, it is certain that the Sioux quartzite
is one of the oldest formations in the State.

Shales.—Associated with the quartzite there occurs in sewveral
localities dark colored spotted shales. Some of the more conspicuous
outerops are: (1) in the Palisades just south of the wagon bridge
and at the southern end of the canyon’in section 31, T. 103 N., R.
47 W.; (2) two mileg north of Corson in the valley bottom west of
the bridge on the Sioux Falls-Garretson Highway in section 10, T.

Bever, S W. The Sioux Quartzite and Certain Associated Rocks:
Towa Geol. Surv.,, Ann, Rept. VI, p. 112. 1896.
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102 N, R, 48 W.; and (3) in Skunk (Creek Valley, a mile and a
half north and the same distance east of Hartford in section 11, T.
102 N., R, 581 Wi

In color these shales vary from a purplish black to a deep
brick red, the latter color being characteristic of the ‘pipestone’
phases. White spots varying in size from mere specks to an inch or
more in diameter are sprinkled through the rock, sometimes in great
profusion. All the cracks in the rock are also bordered by a band
of white, which 1nay bhe one to two tenths of an inch wide on each
side of the crack. The red color is due to iron contained in the rock,
and darker colors to iron plus carbonaceous material. Where the
iron has been leached out the white color is produced, causing the
spots and streaks so conspicuous in the shales,

“Microscopically the slates (shales) are composed essentially of
quartz, a micaceous mineral, the iron ores, and more or less car-
bonaceous material. They differ from the quartzite, in that the
quartz grains are smaller and more angular, and in the presence of
a large amount of argillaceous material which has crystallized as
sericite or kaolin, or in some instances, chlorite; and in the increased
percentage of iron.”t

The pipestone is a phase of these shales which differs from the
rest largely in color and size of grain. The absence of carbonaceous
material and the presence of much iron give it a deep hrick red
color. The fineness of the grain and the homogeneity of texture give
it the denseness and uniformity which made it so highly prized by
the Indians for cutting pipes and by the present population for
whittling various ornaments. Rock similar in character to that of
the famous quarries at Pipestone, Minn., occurs in the Palisades, just
south of the wagon bridge and south of the canyon, and doubtless
diligent search would reveal beds of it in other shale outerops.

- South of the Palisades in section 31, T. 103 N., R. 47 W., the
shales have been prospected for silver. Holes were dug into them
over a large area in the wvalley bottom, and a little shaft sunk.

These shales belong to the Sioux formation and should be classed
with the quartzite., It is not known that they all belong to the same
horizon, but it is probable that the outerops along Split Rock Valley
were once continuous, their present patchiness béing due to faulting
and to removal of large parts of the shale by erosion. The following .
gsection will serve to give an idea of the relations of the shale and
the quartzite:—

Generalized Section at Palisades
Sec. 31, T. 103 N.,, R, 47 W.
5 feet Red shale, like pipestone shale,
6 feet Quartzite, white to light gray.

30 feet Blue-black, fissile shale, with white spots and streaks

along cracks. Contains silver prospect at the bottom.

50 feet plus. Pink gquartzite.

1Bevyer, S. W., op. cit.,, pp. 106-7.
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These shales being part of the quartzite should be classed as pre-
Cambrian, probably Huronian, in age.

Igneous Intrusions.—lIgneous rocks are known to have heen in-
truded into the Sioux formation at two places, one in the valley of
Split Rock Creek about a mile north of Corson, the other in the Big
Sioux WValley about two miles northeast of Sioux Falls. The first
“underlies the valley for nearly a mile and a quarter in sections 22
and 15, T. 102 N., R. 48 W. It outcrops at several places along the
western bank and makes low riffles in the bottom of the siream.
This rock is an olivine diabase, according to Beyer,! which hasg in-
truded as a dike into the Sioux formation. 8Since its intrusion, how-
ever, it has been very deeply weathered, twenty feet of weathered
rock heing exposed in one outcrop. Fresh rock is exposed only in the
bottom of the stream. The evidence presented indicates that the
intrusion took place early in geologic history when the rocks were
deeply buried. The relation of the dike to the surrounding rocks is
such, however, that it is impossible to give a date closer than pre-
Cretaceous,

The second dike cuts the Sioux formation in the N, W. 14 of
section 11, T. 101 N., R. 49 W. According to Todd2 it is a gabhro.
The list of minerals he gives is much like that given by Beyer for
the diabase mear Corson, except for the presence of olivine in the
latter. The chief minerals of both rocks are plagioclase feldspars,
augite, biotite and magnetite. Todd, however, states very definitely
that the southern dike is quite a different rock from the northern
one. Its exposures are not such as to throw much light on its origin
or its relation to the Sioux formation, but it is thought that it is the
same sort of intrusion and was formed about the same time as the
diabase mnear Corson.

“Chalk.”—Two outcrops of what has heen called chalk rock lie
on the east side of Split Rock Valley near Corson. One is on the
east bank of the creek about three quarters of a mile north of Cor-
gson in the N, E. 4 of section 22, T. 102 N., R. 48 W. 1t outcrops
for about 500 feet along the stream and has a maximum thickness
of 15 feet. The other outcrop is about a mile and a half dJown the
valley in the center of section 26, of the same township. There are
two exposures at this place, making a total length of 500 to 700
feet. The maximum thickness exposed in this second outcrop is
about 8 feet and there the following section was measured:—

4 feet Chert zome. Color gray to tan, prevailing color yellow.

All calcareous matter has been replaced by chert or re-
moved, leaving holes an inch or less in diameter and
giving the rock a spongy appearance. Chert between the
holeg ig very dense, having an opal-like appearance. The
contact of this zone with that underlying forms a sharp
line.

1Bever, 5. W., op. cit, p

. 79,
2I'odd, J. I8, The Newly Discovered Tlock at Sioux Falls, 8. D.: Amer.
Geol.,, Vol. 111, p. (—). 1904. 19



4 feet ‘““Chalky” rock. Light gray when f{resh, weathers to
white. Very porous, but pores very small. Scattered
pipes of chert through it, more abundant in the upper
gix inches than farther down.

None of the rock exposed is true chalk. It is porous and has
the appearance of chalk but has not the proper chemical composition,
A comparison of analyses of this rock and a sample of Niobrara
chalk from Yankton County makes this very evident.

Yankton Chalk Corson “Chalk’™

SO, oo 6.22¢ 80.5
A1263 .......................................... 3.56 6.56
Ca0 oo 48.25 ?
MEO e 2.00 ?

CO e 36.23 0.00

The pofnt of interest in this éomparison is the abundance of
gilica in the Corson rock. Qualitative acid tests give mo reaction for
carbonate whatever. The rock is certainly not a chalk petrograph-
jcally.

It has been assumed by previous workers that these outcrops
belong to the Niobrara formation. The analysis, however, shows that
the rock is entirely different from typical Niobrara. Moreover, there
is no direct counection between these outcrops and known Niobrara.
It is hardly safe, therefore, to assume that they belong to that for-
mation, especially since no fossils have been discovered on which
to hase correlation.

There are other light colored, porous rocks in the (retaceous
and Tertiary systems in the State and until the age and stratigraphie
position of this formation can be proved, it had better be left an
oben question.

Quartzites, shales and chalk-like rocks, then, composed the bed
rock over which the great ice sheets moved, and these materials
playved an important part in the formation of the gravels. As the
ice rode over these rocks, pieces were torn and scraped off and then
ground into finer bits. These were carried away by the ice and
eventually washed out of the debris into the sand and gravel de-
posits. Thus it happens that nearly all the gravels in Minnehaha
County and farther south contain a considerable proportion of quartz-
ite, which is one of the most resistant of road materials. Had the
bed rock been predominantly of a different rock, the character of
the gravels would have been very different.

The Bed Rock Surface.—The character of the surface over which
the ice moved is of more importance in the location of the gravels
than the materials of the bed rock. It was this gurface which influ-
znced the direction of movement of the ice and gave direction to the
drainage which formed the deposits. The record of this ancient
topography is left in the bed rock surface. As has been shown, how-
ever, the outcrops of bed rock are so widely scattered that it is pos-
sible to gather sufficient facts for only a few broad generalizations.
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In general it is evident that there was a highland in the north-
western part of the county, from which the surface sloped toward
the southezst. The highest outerop of bed rock occurs in the valley
of Skunk Creek north of Hartford. Its elevation is 1,528 feet above
sea level. At Dell Rapids bed rock is found at 1,503 feet, at the
Dells, and in the northernmost outcrops on Slip-Up and Split Rock
creeks at about 1,500 feet. The highest outcrop in the goutheastern
part of the county lies on the south side of the Beaver valley at its
mouth and has an elevation of 1,_421 feet, In the vicinity of Sioux
Falls it lies at about 1,422 feet. It is of interest to note that the
difference in elevation of these widely separated points is only ahbout
100 feet. As the greatest difference in elevation observed in a
square mile was about 100 feet, it would appear that the pre-glacial
topography was not very rough.

- On this sloping surface there must have been many hills and
vaileys, but their location is not possible with the information now
available. One gsuch valley probably existed about three miles north-
west of Sioux Falls, where bed rock wasg struck in three wells at ele-
vationg of about 1,300 feet, about 100 feet below the elevation found
at the outcrops at Sioux Falls and in a well at Renner. A marked
ridge can be seen in the northern part of T. 103 N, R. 48 W., trend-
ing westward from the vicinity of Sherman. On the south side of
this ridge the rock slopes sharply toward the south. This is espe-
cially noticeable in the valleys of Slip-Up Creek and its tributaries.
Another short ridge, on the south side of the Beaver valley, at its
mouth, stands more than 100 feet above the bed rock on both
sides of it. This ridge can he traced only a litile over a mile but it
probably represents the southern bluffi of a pre-glacial valley, part
of which is now occupied by the present Beaver Creek.

It would be interesting to know more about the old surface, the
position and direction of its valleys and the character of its surface,
bu+ thiclt mantles of glacial drift and wind blown material have con-
cealed the record, leaving only fragmentary glimpses at widely scat-
tered points. From what can be zeen, however, it is evident that the
ice moved over a country that was not rough. Probably the greatest
relief in any part of the county did not exceed 200 to 300 feet. So
slight was it that the mantle of drift could entirely conceal its char-
acter., As a second point of interest it may be noted that the direc-
tion of geuneral slope was toward the south and east, which corre-
sponds roughly to the direction of movements of the ice sheets and
also to the direction of the present drainage.

THE KANSAN ICE SHEET

As has been stated, the direct causes of the formation of sand
and gravel deposits were the ice sheets which came into the county
during the Glacial Epoch. The continent of North America was in-
vaded by ice sheets which covered its northern part at least five
times during this epoch. Only two of these, however, are known
to have covered Minnehaha County.
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The first one came early in the Glacial Epoch and is known as
the Kansan sheet. It covered the northern states of Minnesota, Wis-
consin, Iowa, and parts of the eastern portion of Kansas, Nebraska
and South Dakota. Its deposits are found in the eastern side of
Minnehaha County from the Minnesota line to the valley of Skunk
Creek and extend the entire length of the county north and south.
The total area occupied by them is 534 square miles or nearly three
gquarters of the area of the county. '

Materials:—

Till.—Over this area the ice sheet left a mentle of debris com-
posed of till (boulder clay} and some sands and gravels. The till
is a dark gray where surface waters and air have not had access to
it. Where they have, however, these agents have weathered it to a
buff or tan, the change being caused by the oxidation of the iron
which the gray till contains. Fresh drift is seldom seen in this area
because weathering has proceeded to such a depth that the weathered
zone is not penetrated by road and stream cuts. At the spillway in
the northern end of Sioux Falls, a splendid exposure of the drift
showed:—

30 feet oxidized till, light yellow throughout.
90 feet gray unoxidized till.

A cut on the west bank of the Big Sioux near the southeast
corner of section 7, T. 102 N., R. 48 W., showed 12 feet of loess
underlaid by 30 feet of oxidized drift. Near the top the drift was
buff and at the bottom yellow. About midway there were some bhig
blotches of gray till showing that weathering had not completely
oxidized the drift. Whether 30 feet is the usual depth of oxidation
for this drift could not be ascertained. It is certain, however, that
the zoue is very thick. :

The till is a dense clay with pebbles, cobbles and boulders scat-
tered through it in a most heterogeneous fashion. These coarse
materials range in size from small pebbles an eighth of an inch ont
less in diameter to three to six foot boulders. They include a great
variety of rocks ranging from the hardest and toughest of the vol-
canic rocks to goft chalk. Most of them, however, are rocks which
were resistant emough to stand much grinding and long transporta-
tion by the ice. These are the igneous rocks such as granites, gab-
bros and basalts. There are fully as many metamorphic rocks as
igneous., Gneisses and schists are extremely abundant and white and
pink quartzites are very common. Locally they form the bulk of the
coarse material. DMost of these rocks have been torn from the hed
rock to tha north. Many came from the Laurentian Plateau in south-
ern Canada, and were transported to their present positions by the
jce. The pink quartzite, however, was not carried far, for it came
from the bed rock in the county and its vicinity. Pieces transported
far by ice show considerable smoothing and a rounding of all edges,
but many of the quartzite pieces are almost as sharp cornered as
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though they had been broken from the bed rock with a sledge
hammer.

Sands and Gravels.—Only a small percentage of the sand and
gravel deposits of Minnehaha County was formed by this old ice
sheet. There 1s little doubt that an abundance of such material was
formed but most of it has been destroyed by the later ice sheet. The
deposits left are all in the eastern part of the county and fall near
a line which might be drawn from Sioux Falls to Garretson and
thence to the place where Slip-Up Creek crosses the northern line of
the county. The distribution of these deposits is shown in the ac-
companying map (®Fig. 2).

Along this line occur groups of gravel hills known as kames and
eskers. The first are rounded hills, some low and dome-shaped and
others rising sharply in the form of a bee-hive or Dutch oven. The
smaller ones are not very conspicuous, many being not moere than
a few feet in height, but the larger rise 20 to 30 feet above their
bases, with undulating crests and steeply sloping sides. They vary
from 40 feet to half a mile in length, 15 to 30 feet in height and
100 to 400 feet in width at the base.

Figure 3. Typical Kansan Kaine

A quarter of a mile north of the 8, W. corner of section 21,
T. 102 N., R. 47 W.

The most northerly group lies on the divide between Slip-Up and
Split Rock valleys, most of it in the gouthern half of section 2, T.
104 N., R. 48 W,, and is kuown locally as the Twin Mounds hecause
of two prominent kamesg in the group. Near the E. %4 corner of the
section there is an esker trending N, 25 W. It is nearly a thousand
feet long by 200 feet wide and over 20 feet high at its middle point.
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Southwest of the esker near the south 14 cormer of the gection is a
kame field. Three large kames form a line nearly east and west, the
center being the largest in the field, It iz about 150 feet in diam-
eter and 15 feet high. The easternmost of the three is next in size,
being about the same height but only about 100 feet in diameter. It
is from these two that the field derives the name Twin Mounds. The
westernmost of the three is a kame about half the size of the last
one. About these three kames there are many small ones, most of
them being to the south, but they are low, inconspicuous hills. A
short ridge trending in about the same direction lies near the north
14 corner of section 11 and is the southernmost of the gravel hills.

Two low gravel ridges trending N. 14° W, lie in section 11, T.
104 N., R. 47 W. They are about a quarter of a mile long, 150 ta
200 feet wide, and rise less than 20 feet gbove the valleys west of
them.

The field with the greatest number of kames lies south of Gar-
retson, in sections 28, 29 and 32, T. 103 N., R. 47 W. There are
about 15 conspicuous kames in the field with niany smaller knobs
scattered around them. The larger ones are 15 to 25 feet in height

Figure 4. Typical Kansan Esker

(Ridge in center of horizon)
Section &, T. 102 N., R. 47 W.

and 100 to 200 feet across at the hase. The smallest’bnes grade
down to little mounds so inconspicuous that it is difficult to sepa-
rate them from the surrounding hills. Several good size pits have
been opened in the larger kames and used for road gravel. Some
of the smaller ones have been opened also but not used extensively.
This field contains a large supply of gravels but it is distributed over
most of three sections in these scattered kames. East of the Swen-
17



son esker, in the 8. W. 14 of section 7, T. 102 N., R. 47 W., is a
smaller esker about 1,500 feet long by 20 feet wide and 15 feet high.
It trends in a more northerly direction than the Swenson esker. The
largest esker of the field is the Kinney esker, most of which lies in
the S. W 14 of section 8, T 102 N., R. 47 W. It rises abruptly near
the mortheast corner of the guarter to a height of 30 feet., It trends
about 3. 35° W. for about 2,000 fecet, where the ridge is broken by
a creek valley. South of the creek it falls away in a short distance
into a geries of short ridges which end in two kames in the N. E. 4
of section 18. A short esker lies in the N. W. 14 of section ¢, T.
102 N., R. 47 W. 1t is really a line of four kames trending nearly
east-west., It is 900 feet from the east to the west and each kame
rises about 15 feet above the sag between it and its neighbor. Two
small kames in the S. E. corner of section 6 complete the list of
forms in this field.

A fourth group of kames and eskers lies two or three miles
north of Sioux Falls. They form a line along the west bluff of the
Sioux Valley. One part of the group lies near the pnorthwest corner
of section 2, T. 101 N., R. 49 W., and the other starts half a mile
north of it and ends near the N. 14 corner of section 35, T. 102 N.,
R. 49 W. The first part is made of low, inconspicuous kalnes. They
are largest at the top of the slope and become smaller towards the
valley until they cease to be mounds and form simply a gravel wash
over the till. The northern part is dominated by a large esker a
quarter of a mile long and 20 to 25 feet in height. South of it are
two conspicuous kames in line with it. These are all in a similar
position on the slope of the valley to the larger kames of the first
part.

The largest of the existing Kansan deposits is the great terrace
on the south bluff of the Sioux Valley about two miles northeast of
Sioux Falls. This deposit formg the south bluff of the valley for
about a mile, in sections 1 and 11, T. 101 N, R. 49 W. Stream val-
leys have cut into the deposit so that the gravel now lies in a series
of shoulders which project into the Big Sioux Valley, their tops being -
from 80 to 100 feet above the valley floor. Gravel is found through-
out this entire thickness at the southern end while farther north it
is about 50 feet thick. The total volume of material these shoulders
contain is estimated at 6,000,000 cubic yards. ¥our large pits are
in operation in these gravels: the Sioux Falls Sand and Gravel Com-
pany’s pit, the L. G. Everest pit, the Hayes pit and the Nelson Dairy
Farm pit. These are supplying gravel for local consumption in
Sioux Falls and a little for shipment.

A few scattered deposits complete the list of Kansan gravels in
the county. Two small kames lie two miles east and one mile south
of Dell Rapids. Near Corson there are three kames, one known as
Keyes Knob, a mile and three quarters north of town, one a mile
due west, and one a mile west and three quarters of & mile south.
Two small kames lie four miles east and a quarter of a mile north
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of Corson in section 20, T. 101 N., R. 47 W. Lastly there are three
deposits which, for want of a better name, have been called kames,
lying half way between Valley Springs and Benclaire. There is one
each in sections 15, 16 and 21, T. 101 N., R. 47 W. None of these
deposits is large.

A (detailed description of the materials in each of the deposits
is given in the second part of this report. Therefore, a few general-
izations will suffice here. For the most part they are fine for de-
posits of this kind. Kames and eskers usually contain the coarsest
materials, most of them heing made largely of cobbles and houlders.
These kames and eskers of Minnehaha County, however, are com-
posed largely of gravels and sands and many contain considerable
amounts of gilt and clay. Three kames near the east 14 corner of
section 29, T. 103 N., R, 47 W., are composed almost entirely of
sand. Iven the big deposit on the south bluff of the Big Sioukx Val-
- ley near Sioux Fallg has a large percentage of sand and is notably
lacking in “oversize.” (Material more than two inches in diameter.)

The sorting in all the kame and esker deposits is typically poor.
Patches of clay matter appear in the middle of a deposit of coarse
gravels, or sand and cobbles may be mixed heterogeneously. Large
patches of well sorted sand or fine gravels may lie next to patches
of equally well sorted coarse gravels. In the large deposit near Sioux
Falls the sorting is considerably better than in the kames and eskers,
so that the pits as a whole present a fairly uniform product. Kven
here, however, large patches of till have been encountered in the
lower part of the pits.

The rocks comprising the coarser portion of the materials are
largely the more resistant igneous and metameoerphic rocks mentioned
in the description of the drift. Granitic rocks are by far the most
abundant. Quartzite is very abundant in some deposits. Consider-
able amounts of the blue and pipestone shales which are associated
with the. quartzite occur in some deposits. An analvsis taken from
the esker in the southeast corner of section 18, T, 102 N.,, R, 48 W.,
will give an idea of the amounts and kinds of rocks the deposits
contain:—

Gray granite ..o o e 30 per cent
Sioux quartzite ... 14 <«
5 1 Tc ) o 030 (T 12
DOt e 13 < =
Dark fine-grained metamorphies ... 12 “e
White guartzite ... 4 ¢
GIIEISS oo 4
Others ............... e 8

1030 per cent

Origin of the Sands and Gravels,—If all the details were known,
the origin of each of the deposits described would be a story in itself,
From their present condition, however, only the general outlines can
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be deduced. Xames and eskers have a tendency to form somewhere
lear terminal moraines. Stream erosion has destroyed all the ordi-
nary marks of the existence of such a moraine in the old drift of
Minnehaha County, but the fact that nearly all the kames and eskers
fall close to a line from Sioux Falls to the northern Slip-Up Valley
via Garreison suggests that such a feature existed at about this po-
sition. This then would mark the position of the ice front when
it halted for a time in its retreat. The melting water ran off the
surface of the ice, carrying with it rock debris. When such a stream
came to a moulin, a great hole in the ice, it flled it with debris,
washing out the finer particles and leaving the coarser sands and
gravels. When the ice walls of the moulin melted the material
slumped down into a dome shaped hill, which is called a kame,
Kames may also be formed at the edge of the ice where streams can
pile sand and gravel over a more or lesg steep face. C(Cracks or tun-
nels in the ice sometimes become filled with stream carried debris -
which form steep-sided ridges when the ice melts. These ridges
are called eskers,

Nearly all the kames and eskers made by the first ice sheet
are standing on the high lands, They were probably near the top
of the moraine when formed but erosion, which has taken place
gince, has left them standing high on the divides, surrounded by
gtream valleys. The porous nature of the gravels and sands allowed
the rain water to sink through them without forming streams and
thus they were not destroyed as were the clay hills of the amcient
surface. : '

The origin of the big deposit on the bluff of the Big Sioux
Valley northeast of Sioux Falls was so different that it is considered
geparately. From a point of vantage on the upland south of the
large deposit it can be plainly seen that there is a gentle slope foom
the northwest, leading directly toward the deposit. This slope has
the same length as the deposit, and is covered with pockets and
mounds of gravel. Near jts crest are the kames and eskers described
above. A bedrock highland lies south of the deposit between Sioux
Falls and East Sioux Falls.

The interpretation of the facts available seems to be that at this
place a part of the ice front was held up against the bhedrock wall,
after gliding from the north into a pre-glacial valley, The thickness
of the ice cam only be conjectured hut it is certain that it was over
100 feet, as that is the maximum depth of the gravels. Waters from
this melting ice ran down its surface, carrying debris, which it
sorted into sands and gravels. A very smnall part of the debris was
lodged in cracks and holes in the ice, forming the gravel deposits
which lie on the north slope. Most of it, however, was carried over
the ice front into a valley formed between the bedrock and the ice.
Here the materials piled up until there must have been three to five
times as muell in the deposits as there is now, They probably filled
a large part of the Big Sioux Valley. The waters which deposited
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them flowed away to the southwest. This is shown by the torrential
cross-bedding which iz abundant in all exposures and which dips to
the southwest. Toddl suggests that the pre-glacial drainage in this
region was toward the south, down g large valley which is now oc-
cupied by the Vermillion River. This stream was evidentaly one of
the tributaries. : '

Since its formation much of the terrace has been washed away.
Part of the destruction was done by torrential waters which drained
through this valley from the later ice sheet, and part by small
streamns which have cut gullies through it from the bluffs of the
main valley. ¥Enough is left, however, to make one of the large de-
posits of the county.

Divection of Ice Movement.—In general the direction of move-
ment of the Kansan ice sheet wag southward but it was not the same
in all places. The center of movement was just west of the southern
end of Hudson Bay, from whieh place the ice radiated somewhat like
a great fan. Its direction in any given region was governed by its
position with reference to this center and by the surface of the un-
derlying terrain. The record of the movement is to be found chiefly
in the grooves and scratches left on the bed rock,

The direction of movement as shown by the striae on a number
of representative outcrops in Minnehaha County has been plotted on
the map (Fig, 5). It will be seen that the direction in the county
wag prevailingly a little east of south. Most of the readings varied
between S, 10° K. and S. 20° E. The greatest variation from this
was found on a small, isolated outcrop a little over a mile south of
Booge, in the N. W. 14 section 22, T. 101 N., R. 47 W., where the
striae point 8. 55 B. The only other variation that appears to be
more than local is found near the Palisadeg in the S. W. part of T.
103 N, P. 47 W. The direction here is more easterly, the maxi-
mum reading being S, 20° E.

The southward movement is also recorded in strings of crescen-
tic cracks which are to be seen on nearly all glaciated surfaceg of
the Sioux quartzite. These cracks average about two or three inches
between the tips of the crescent. The largest recorded is three feet
across but cracks of this size are very rare. The horng of these
crescents point southward, and down the center of many of the
strings run one or more furrows. The e¢racks are known to be an
inch in depth and many probably exceed that figure. In speaking
of these cracksg Todd: says, “The inclination of these cracks to the
surface, near the axis of the system, is forward, but gradually turns
backward as the distance from the axis increases, until it may in-
cline strongly backward.’”

Similar cracks may be produced if a blunt ended knife or stick
is drawn across thie surface of stiff gelatin. The gelatin will move

1Todd, J. E., The Moraines of Southeastern South Dakota and Thelr
Attendant Deposits: U. 8 G. S, Bull. 158, p. 109, 1899,

1Todd, J. E., The Moraines of Southeastern South Dakota and Thelr
Attendant Deposits: U.8.G.8., Bull. 158, p. 111, 1899.
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IFigure 5. Features of the Kansan Area

Showing direction of ice movelnent as shown by glacial striae,
location of sand and gravel deposits, and- position of probable reces-
sional moraine.

with the knife until the limit of its elasticity is reached and then, if
the pressure iz not too great it cracks aund springs back to its origi-
nal posgition, leaving a crack that is crescent shaped, the concave
side being in the direction of thie movement of the knife. As the
knife is drawn across the surface a string of crescents may be
formed all pointing in the direction of movement. The Sioux quartz-
ite is a dense and elastic rock and dragging the corner of a boulder,
weighted down with the ice, across it, would have the same effect as
drawing a knife across the gelatin.

Age of lhe Drift.—The determination of the age of this drift is
based on the topography, the weathering which its surface has un-
dergone, and its relation to the drift sheets of neighboring states. A
glance at the geologic map (Fig. 2) will show that the entire area
which this drift occupies iz covered with a network of gtream wval-
leys. Lakes and swamps are absent and all of the upland drains into
the valleys. Such perfection of drainage is not fouund on the younger
drift sheets, for sufficient time has not elapsed to allow such a net-
work of valleys to form. Thig makes a very hilly country which is
gsimilar to the topograpliy claracteristic of the older drifts where
they have been carefully studied,

That this is an old drift is also shown by the presence of a
weathered zone which occurs at its top. Where road or railroad cuts
are deep enough to penetrate the overlying loess and expose the top
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of the drift, about four feet of gray gumbo-like till lie on top of the
yellow till mentioned above (p. 14), It is quite dense and
tends to be sticky. The small pits characteristic of gumbo clays show
the same dense, sticky character. Thig zone ig evidently caused by
the leaching out of the more soluble materials of the drift. The
leaching, however, is only partial, for the limestone pebbles, which
are among the most easily soluble constituents, have not bheen com-
pletely dissolved. No guch zone has been formed on the younger
drift sheets. This and the. fact that weathering, which is a slow
process in drift, has penetrated to such a depth, indicate that this
drift was deposited early in the Ice Age,

Its age has been determined as Kamnsan in the states bordering
the county. Leverettl mapped and described the sheet in Minnesota
up to the eastern boundary of this county. The drift in Jowa mapped
as Kansan by Carman2 extends to the south line of the county east
of the Big Sioux. This Kansan sheet also continues across the borders
of Towa into the area of Minnesota mapped hy Leverett and into the
eastern part of Minnehaha County. Since the topography, depth of
weathering, oxidation and character of materials all connect the drift
in this county with that of the other areas mentioned, there seems to
be ample reason for considering it as part of the same great drift
sheet and giving its age ag Kanusan,

INTERGLACIAL TIME

The Kansan ice sheet iz known to be one of the first of the
five which invaded the northern part of our country, It has been
estimated that some 400,000 years elapsed between its disappearance
and the coming of the last or Wisconsin Ice Sheet. During this time
at least two ice sheets came and went in the Mississippi Valley but
there is no record of either of them in Minnehaha County. During
all this time the Kansan drift lay exposed to the action of wind and
rain which weathered its surface and leached out its soluble constitu-
ents forming the zone of gumbo-like till described above (p. 21)
and a large part of the 30 odd feet of oxidized drift beneath
it. Stream erosion doubtless progressed until a cousiderable pro-
portion of the present metwork of valleys had been formed. That
vegetation covered the surface is evident from the traces of old soils
which occur near the top of the leached zome in some places.

The Loess.—Some time during interglacial time a mantle- of
wind-blown dust was laid over the drift. This material, whiel is
called loess, is found all over the Kansan area in the county, the
underlying drift being exposed only in road cuts and in the few
places where erosion has removed the loess. It is not possible to
give accurate figures for the depth of loess that was deposited, for
it prohably varied somewhat even in relatively small areas. The

Leverett, F., Surface Formations and Agricuitural Conditions of the
Southern Half of Minnesota: Minn. Geol, Surv., Bull. 14, p. 46, 1919,

2Carman, J. ., Pleistocene Geology of Northwestern Iowa: Iowa Geol.
Surv.,, XXVI Ann. Rep't, p. 320. 1915.
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drift was rather well cut with gullies and small valleys, which would
cause more dust to lodge on the lee sides and in the bhottoms than on
the hilltops. Subsequent erosion washed part of the loess that was
deposited on the hilltops into the wvalleys. This action is well illus-
trated in the kame and esker deposits which are now almost stripped
of loess on their tops but which havé a very thick mantle of it about
their bases. It is always thicker in the valleys than on the hilltops.

Fromn observations made on hilltops on which washing would be
at 2 minimum, the relative thickness in- various parts of the county
was ascertained. The average thickness in such situations lies be-
tween four and eight feet. The thinnest loess is found in the north-
east corner of the county, where one to three feet is the average.
In the southeast, depths of four to six feet prevail. The thickest
deposits lie in the central and western part of the Kansan area,
where 8 and 9 feet were recorded in favorable locations. Along
the west bluffs of the Big Sicux 10 feet were measured. In favor-
amle places in the valleys between 20 and, 30 feet can be found. The
difference bhetween the depth of the loess on the hills and in the
valley is well illustrated in the city of Sioux Falls. In the extreme
northern end of the city road cuts show four to five feet of loess
over the till while at the southern end of town in the. vicinity of
Sherman Park 10 and 15 feet are exposed in several bhig cuts.

In summary, then, it may be stated that when first deposited
the loess mantle was probably about 10 feet thick in the western
part of the Kansan area and thinned toward the east and north to
a thickness of about four to five feet. This thinning continues east-
ward until the loess disappears about 15 miles east of the county in
Minnesota.r The same thinning has heen noted in northwestern
Iowa.z2

~Some small deposits of loess are to be found on the Wisconsin
drift, espeéially near the larger streams such as Skunk Creek, and
possibly some of the loess on the Kansan drift near the valley of the
Big Sioux and Skunk Creek was formed since Wisconsin time. These
are local deposits, however, and a very small per cent of the total.
The great loess sheet was deposited before Wisconsin time, for no
such deposit covers the Wisconsin drift. Moreover, the loess sheet
ends abruptly at the edge of the Wisconsin. From these facts it is
quite evident that the loess sheet on the Kansan is pre-Wisconsin in

age.
It is equally certain that it came long after the Kansan drift

was deposited, for it overlies the thick leached zone mentioned above
(p. 21). This fact also shows that a long time elapsed between the
formation of the Kansan drift and the deposition of the loess, for
such deep leaching in clayey material requires much time and could
form only when the drift was at the surface. A cover of unleached
loess over a thick zone of leached till can mean nnly one thing, i.e.,
the loess is a much younger deposit than the drift.

Leverett, F., op. cit., pp. 46: 47, and geologic map.

2Carman, J. B. op. cit., p. 357. 5
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There was a great time of loesg making in the Mississippi Valley
between the withdrawal of the fourth (lowan) and the advance of
the last (Wisconsin) ice sheeis. For some such reason as an
absence of vegetation or strongef winds than usual, great quantities
of dust were carried from the valleys of the Mississippl and Missouri
rivers over the old 4rift. Though more direct evidence than what
has been presented is lacking, it would still seem very probable that

the loess sheet in that county was deposited at the same time. Its

age, therefore, would be Peorian, as that is the name assigned to
the interglacial stage between the Iowan and Wisconsin,

The source of material for the loess is not clear. Loess is a
silt which is transported and deposited by wind action. The dust
in most of the deposits of our country was blown up from the val-
leys of the Mississippi and Missouri rivers. Minnehaha County, how-
ever, ig far removed from either of these valleys nor is it in the path
of prevailing winds which might blow across them, and therefore
another source must be sought. The thickening of the loess toward
the west would indicate that its source was in that direction. There
is some suggestion that the present Vermillion Valley was the site
of a large valley in pre-glacial times. If this be true, it was prob-
ably a spillway for waters in the early ice sheets. It iIs quite pos-
sible, therefore, that this wvalley, which is now filled with Wisconsin
drift, furnished the dust from which the winds formed the loess
deposit.

A summary of the geological events in Minnehaha County be-
tween the times of the Kansan and Wisconsin ice sheets would be:—

1. A period of weathering and leaching of the drift lasting from

Kansan through Iowan time.

2. The formation of a sheet of loess during the Peorian inter-

glacial stage.

These events are largely of academic interest from our stand-
point, for they formed none of the sand or gravel deposits. The
formation of the loess, however, was of tremendous economic im-
portance because it covered a major part of the county with one of
the most productive soils known.

THE WISCONSIN ICE SHEET

From the standpoint of gravel formation, the coming of the
last or Wisconsin ice sheet was the most important event that has
occurred in the county. According to Toddi a lobe of this ice sheet
moved down the James Valley, spreading eastward and westward
from this axis. The eastern edge of this lobe crept into Minnehaha
County, covering the western part. The valley of Skunk Creek
marks roughly its eastern limit. F¥From the northern boundary of the
county the line follows this wvalley southward four miles. Then it
swings southwest for two miles and west for three, making an arc
to the east and south of Colton. It then runs south to the west fork -

1Todd, J. E. op. cit. See map, pl. XV.
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of Skuunk Creek, reaching it about three miles upstream from its
junction with the east fork. From this poin{ it follows Skunk Creek
Valley to its mouth and theun circles about the big bend of the Big
Sioux Valley and, trending nearly due east across the upland, again
reaches the Big Sioux Valley about three guarters of a mile south of
East Sioux Y¥alls. At this peoint it turns sharply to the south and
follows the Big Sioux Valley out of the county. {See map, Fig. 2.)

Along this line it would be expected that the ice would stand
for a time and deposit sufficient debris to form a terminal moraine,
but no such moraine occurs in the county. Where the line follows
the valley of Skunk Creek the topography descends to it in a gradual
slope but not from a terminal ridge, On the uplands south of Colton
it dwindles off into Kansan topography. South of the Big Sioux;
however, there is a rather prominent ridge whiceh follows the line
to East Sioux Falls. There are no exposures to tell whether this
ridge is made entirely of drift or whether it is cored with bed rock.
In either case, however, it cannot be called a terminal moraine, for it
has none of the rough, hummocky topography characteristic of such
features.

Separation of Drife Sheets.—The characteristics of the Kansan
and Wisconsin drifts are so different that the two can be separated
even by the layman who observes carefully., The Kansan topography
with its network of wvalleys and its hilly character is in sharp con-
trast to the Wisconsin with its undrained surface. On the Wisconsin
swamps are common and hollows with no outlets are abundant. At
least three permanent lakeg lie in this region: Wall Lake, a lake
near Humhboldt, and Clear Lake. In times of much rain, water stands
in the depressions, forming temporary lakes or swamps, while in the
Kansgan area it runs off down the main valleys. This difference in
drainage shows very clearly on the geologic map.

A second difference is in the depth to which weathering has
affected the two drifts. On the Kansan there ig a leached zomne to
a depth of 3 to 4 feet, below which oxidation has taken place for
about 30 feet. On the Wisconsin there is no leached zone, and the
zone of oxidation is much less.

The loess which covers all the Kansan drift in the county is
absent from the Wisconsin. This criterion is more important swhen
it is rememhered that the loess thickens toward the western side
of the Kansan area and stops abruptly at the edge of the Wisconsin
drift. In mapping it was found possible to draw a line between the
two drifts at the place where the well drained, loess covered topog-
raphy gave way to the ill drained topography with no loess cover.
This difference is very striliing where the line follows Skunk Creek,
for here the difference can be seen between the east and west sides
of the valley. The same thing iz observable, however, wlhere the line
“erosses the muplands south of Colton aund between Sioux Falls and
East Sioux Falls.
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Some features of Wisconsin topography worth a little furthér
consideration are the relief, the large swamps and lakes and the
valley-like depressions. As a whole the surface iz greatly rolling.
Some areas are nearly flat, a relief of 10 to 20 feet to the half wile
being about the average. There are a few small areas, however,
notably toward the western edge of the county, in which the surface
is rougher, differeunces of 25 to 30 feet cccurring within a few hun-
dred feet. Most of these areasg lie north of Humboldt on the west-
ern sides of townships 102 and 103 N., R. 52 W. Some of this
topography is quite like that found on typical terminal moraines.
The areas are too small, however, to be considered as more than ac-
centuated parts of the ground moraine, caused perhaps by a brief
stand of the edge of the retreating ice or as deposits {from parts of
the glacier which carried larger amounts of debris than dqid the sur-
rounding ice.

Most of the large swamps lie in the northwestern part of the
county in townships 103 and 104 N., R. 52 W. They are from 15 to
25 feet in depth, have very flat bottoms and steep sides nearly all
around them. They are very irregular in shape. In area they vary
from 10 acres to a square mile. The ordinary depressions on a
morainic surface are not flat bottomed or steep sgided. They are
usually shaped like a saucer or a round botftomed kettle. Such great
depressions might be formed by unequal deposition of material or
by the melting out of great blocks of ice which were buried in the
drift. The fact that small pockets of dirty sands and gravels occur
about some of these swamps would suggest the latter origin, for
such trapped blocks could furnish enough water for local deposits of
this kind. These depressions have undoubtedly been lakes at some
time in their history and the filling up of these lakes, by growth of
vegetation and by silt washing in, is responsible for their flat bot-
toms.

The three large lakes, Clear Lake, the lake near Humboldt, and
Wall T.ake, have the same origin as the depressions just described.
They have not been filled up as the swamps have. The wall which
makeg the east side of Wall Lake is a short ridge of till and the
game material can be found in the banks on all sides of the lake.
The gravel beach at the seuth end and the boulder pavements which
form other parts of the shore are evidence of water action such as
could have come from a melting ice block, The depression in which
the lake lies is continued to llie south, where it is oceupied by sev-
eral small swamps. As the same conditions hold in the other two
lakes they will all be classed as kettle lakes, a name given to lakes
occupying ‘“‘kettles’” or depressions in a moraine.

Five long, valley-like depressions which played a part in the
gravel formation lie in the Wisconsin area. They all rise near the
western edge of the county, trend eastward and end in the valley of
Skunk Creelt. The longest of these is the west fork of Skunk Creek.
It heads in the southwest corner of T. 104 N., R. 52 W., trends
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southeast and enters the valley of the east fork in section 2, T. 102
N., R. 51 W., about two and a half miles northeast of Hartford. Its
total length is about fourteen miles, It has a tributary valley about
five miles long, heading in the southern part of T. 103 N., R. 52 W.,
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Figure 6. Features of Wisconsin Glaciation

Showing area covered by the ice, approximate direction of ice
movement, and drainage channels with sand and gravel deposits.

which joinz it in section 19, T, 103 N., R. b1 W. A second pair of
valleys lie south of Hartford. The northern one is six and the
sonthern twelve miles in length, They head about three miles apart,
one twg miles east and one south of Hartford, and the other two
miles south of the same place. They converge until they meet near
Skunk Creek, three miles east and three quarters of a mile gouth
of Hartford. The fifth valley is but four miles long. It heads three
miles southeast of Wall Lake and trends northeast into Skunk Creek
Valley.

Thege valleys are wide, the larger ones heing two to three miles
across, The slopes are gentle, however, and glacial hills and hol-
lows cover them down to the stream channel. The channels wind
about among glacial hills in a more or less ainiless fashion, especially
in their upper courses, and contain water only in rainy seagons.
" Swamps occur in placeg along the channels, the largest being about
two miles long and half a mile wide. Its western end lies four
miles south and one east of Humboldt. In the bottoms of all these
valleys lie kames and eskers.

It is evident that the valleys were not made by the streams
whichh now occupy them. They may have been pre-glacial valleys
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wlhich were not completely filled with drift, Their present surface,
however, is due entirely to glacial deposition. It is certain that ice
lay stagnant in them, for kames and eskers are formed under such
conditions. They must also have formed depressions in the surface
of the ice, down which great quantities of water poured into the
valley of Skunk Creek, for gravel terraces extend up into them a
short distance fromn their mouths.

Sands and Gravels:—

The Skunk Creek Spillway.—The torrents from the melting gla-
cier ran down Skunk Creek Valley to its mouth, whence they fol-
lowed the valley of the Big Sioux around the great bend and out of
the county, They carried with them enormous quantities of debris
from the melting ice. 80 great was the load that the water could
not transport it all, but dropped the coarser materials in its channel,
Thus a great fill (valley train) of gravel and sand was formed which
can be traced from the west fork of Skunk Creek to the place where
the Big Sioux Valley leaves the county. In Skunk Creek it stilt fills
nearly the entire valley, the present stream occupying only a small
channel, which wanders back and forth across it. In the Big Sioux,
however, perhaps two thirds or more has been removed by the ero-
sion of later torrents, but great quantities still remain as terraces
which project from the valley walls. There are six of these terraces
and pits have been opened in three of them.

As would be expected, the heavier portion of the debris was
dropped nearest its source, and so the coarser gravels are to be found
in the wvalley of Skunlk Creek while those farther down streamn be-
come finer and contain a larger percentage of sand. The finest silts,
clays, etc., were carried down the Big Sioux out of the county. The
deposits of Skunk Creek Valley are largely medium to coarse grav-
ells, while those of the Big Sioux Valley contain much fine gravel
and sand. .

Accurate figures for the volume of the original deposits are not
available. The amount remaining, however, is estimated at 288,000,-
000 cubic yards. As this is about a third of the original amount,
about 800,000,000 cubic yards were deposited by the small portion
of the ice sheet that lay in the western side of the county.

During the deposition of the foregoing gravels, or shortly after,
water was poured down Skunk Creek Valley from somewhere north
of the county. This stream was powerful enough to- wash away some
of the gravel which had been deposited at the mouth of the west
fork, forming a high gravel terrace on the north side of that valley.
Apparently the material was soon dropped, for there is no trace of
channeling or terracing of the deposits farther down stream.

This stream also carried a load of debris, which it deposited as
a valley train, filling the valley for nine miles south of the northern
boundary of the county. In the northern part there is a broad, shal-
low channel through the fill, which leaves the gravel in terraces
along the sides of the valley, but in the lower three miles this dis-
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appears except for a very small stream channel, and the gravels oc-
cupy the entire wvalley floor. In this lower part the gravels are
covered with four or five feet of heavy black clay.

The depth of the gravels was not ascertained because of the
abundance of water they contained. A depth of between 10 and 20
feet may be safely assumed, however. The total volume of gravels in
this train is estimated at 16,560,000 cubic vards. It is probable that
these gravels came from ice several niiles up the valley because there
is little coarse material in them. The average material is g fine
gravel or a coarse sand,

Big Sioux Spillway.—After the Skunk Creek gravels had been
deposited, torrents from the north came down the Big Sioux Valley,
sweeping out great quantities of the gravels from the Skunk Creek
train. They carried away the gravels at the mouth of Skunk (Creek
down to bed rock, leaving the top of the Skunk Creek terrace twenty
feet above the floor of the Big Sioux. Farther down the wvalley it
not only removed great quantities of the fill to make its channel but
swept many feet off the tops of the terraces. East of Brandon there
is a difference of over twenty feet between the elevation of the top
of the original fill and the terrace left by the floods from the Big
Sioux.

These floods subsided, leaving the broad, flat valley of the
present Big Sioux. In the viecinity of Dell Rapids and of Sioux Falls
it was swept clean to hed rock, the ounly covering being a few feet
of black soil through which the rock outecrops in many places. Be-
tween thiese places, however, there is a deposit of sand covered with
black clays. The cover and the amount of water does not make this
a promising deposit from the standpoint of sand and gravel pro-
duction, but it is interesting as the only deposit that was left by the
Big Sioux floods. Its commercial importance lies in the fact that it
is the source of the water supply for Sioux Falls.

The material is largely sand with some fine gravels. A section
taken half a mile west of Renner showed the following:

3 feet Black muck.
3 feet Gray muck,
6 feet Black mucl,
2 feet Sand with Pelecypod shells, Sand caved so much,
because of water contained that it was impossible
. to drill deeper.

Three miles south of this a second section showed but three
feet of silty clay over gray to white sands and gravels.

From the fineness of this material and the fact that the torrents
were strong enough to do so much damage to the part of the Skunk
Creek filt which they crossed, it can safely be assumed that they
came from ice melting a long distance north of the county. The
distance must have bheen great encugh to permit the dropping of
nearly all the load the stream was carrying, for it is evident that
the waters were guite clear when they entered the county.
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Split Rock and Beaver Drainage.—Two minor spillways from the
Wisconsin ice follow the valleys of Split Rock and Beaver creeks.
These are relatively unimportant from our standpoint, for their
streams deposited only a small gmount of gravel, and were not large
enough to modify, appreciably, the other deposits. They both headed
at tlie edge of a lobe of Wisconsin ice which covered Minnesota and,
flowing wacross the Kansan area, joined the Big Sioux River about
four miles north of the southern boundary of Minunehaha County. In
their upper courseg in Minnesota, Pipestone Creek, a tributary of
Split Rock, and Beaver Creek, contain considerable gravelr but the
only deposits of consegquence in this county are some small terraces
near Sherman and Valley Springs.

The lower ends of these valleys were sites of temporary lakes
while the torrents were pouring through the Big Sioux Valley. As
the waters swung around the big bend and headed south, they were
partly blocked by a point of bed rock which forms the south side of
the Beaver Valley and projects into the Big Sioux, forming a bottle
neck. The waters ponded nortlh of this neck and backed into the
valleys of the Beaver and Split Rock.

The deposits formed in these lakes are found for five miles
upstream from the mouths of the present valleys, They form ter-
races which are continuous with those in the Big Sioux Valley. As
would be expected under such conditions, the sand and gravels were
deposited by the torrents in the mouths of the valleys where the
currents and eddies were stronger, while the silts and clays were
carrted up into the wvalleys by the backwater and deposited where
currents were very weak. The sands near the mouth grade more
or less abruptly into dense sticky clays which are grayish or brown-
ish in color. A section measured on one of these terraces in the
Beaver Valley, about a guarter of a mile west of the southeast cor-
ner of section 4, T. 101 N., R. 47 W., gave the following:—

8 feet Silt and clay, exposed in bank,

8 feet Heavy clays becoming more dense with depth, So
little sand that it seldom gritted between the
teeth.

16 feet total. Bottomm of clays not reached.

Some pockets of sand and gravel have been exposed in these
terraces in the Beaver Valley. They are evidently small deposits that
were washed in by unusually strong currents or eddies of short
duration,

The village of Corson is situated near the northern end of the
clay terrace in Split Rock Valley and the big flats west of Valley
Springs are of the same material.

Eskers and Kames.—The subject of Wisconsin sands and gravels
should not be left without mention of the esker and kame deposits.
everett, F., Surface Formations and Agricultural Comnditions of the

Southern Half of Minnesota: Minn. Geol. Surv.,, Bull. i4. See geologic
map. 1919. 91



These features have the same form as those on the Kansan drift.
They vary from fifty feet to a mile in length and rise to a height of
30 feet. They differ from the Kansan kames and eskers, however, in
their topographie position and in the materials composing them. The
Kansan forms are on the divides but those of the Wisconsin are
found in the bottoms of the valleys. The west fork of Skunk Creek
is lined with eskers for nearly its entire length. Those in the val-
leys soutlh of Humboldt and Hartford are more local in their distri-
bution, The short valley in the southwestern part of T. 101 N., R.
50 W., contains but one kame field, about a mile long and half a
mile wide.

A line of eskers in the southeastern part of T. 101 N., R, 52 W.,
ig an exception to the above generalization. This line can be traced
for five niiles im the county, trending northwest from the southeast
corner of the township. It also extends southeastward into Turner
County for some distance. It is located at the brow of the highland
which divides the Big Sioux and Vernillion valleys, overlooking the
latter. In moving out of the Vermillion Valley onto this uplang the
ice was cracked at this place, the cracks forming channels for gla-
cial waters. As the eskers lie at right angles to the direction of ice
movement it is evident that they were formed when the ice was
nearly or entirely stagnant. Otherwise they would have been de-
stroyed by overriding ice,

There was not as mucli water flowing in the streams that formed
the Wisconsin eskers as in those that formed the XKansan, for the
sorting}, in general, is very poor. 8and and gravels occur only in
pockets in most of them, the rest of the material being very stony
till with boulders, cobbles, pebbles and clay mixed heterogeneously.
A few gravel pits have been opened in the pockets, some of them
large enough to be used for road work, but even in these the ma-
terial is ‘‘patchy,” fine sands changing abruptly_ into coarse gravels
or till.

Though these forms have so little sand and gravel in them,
they must be classed as eskers and kames, first because their shapes
are characteristic, indicating that they were formed in crevasses in
the ice and second because the abundant pockets of sand and gravel
and the stony character of the till show them to be the product of
glacial streams. It is evident that the amount of water flowing into
these crevasses was sufficient to carry in material from the surround-
ing ice but was not great enough to sort it into sands and gravels
and remove the clays.

SOME GEOLOGIC FEATURES OF SPECIAL INTEREST

Origin of the Dells.—The Dells are picturesque gorges lying just
south of Dell Rapids. There are three gorges which Todd designated
as the Wet Del}, the Dry Dell, and the Dell containing the Big Sioux.t

iTodd, J. E., The Moraines of Southeastern South Dakota and Thelr
Attendant Deposits: U.8.G.S., Bull. 158, p. 107. 1899,
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The first and last contain branches of the Big Sioux but the second
has no stream except in times of flood. The one usually referred
to ag *“The Dells” is the Wet Dell. It is a narrow gorge about fifty
feet deep and a half a mile in length. 1Its quartzite walls rise wver-
tically from the water’s edge through much of its length.. The
steepness of the cliffs and the pink color of the quartzite make a
scenic effect that is striking. The other two gorges are not more
than fifteen feet in depth. They lie in the bhottom of the larger
valley which swings to the west of the Wet Dell,

These gorges were formed by the torrents which came down the
Big Sioux Valley from the Wisconsin ice. Coming from the north,
the waters forced over the barrier of Sioux quartzite at Dell
Rapids. The channel here was narrow and the rock much more re-
sistant than the drift through which the stream cut the wider parts
of the valley. In passing over the barrier, the stream found two
low places and proceeded to cut channels into them. One of these
channels formed the Wet Dell and the other the wider valley in
which the pother two gorgeg lie. Thus the stream was split just above
the dells, the two branches reuniting about a mile and a half down
stream, The island left between them was about three guarters of a
square mile in area. The steep walls of the gorges are due to the
method by which the stream cut its valley. When a strong stream
crosses a formation like the Sioux guartzite, which is much broken
by cracks and fissures, a process known as plucking takeg place.r
Instead of being worked off bit by bit, the blocks of rock are lifted
out bodily and carried away by the huoyance and force of the water.
‘Where two major fissures run paralle] the hlocks between them may
be plucked out, leaving a gorge like the Dells. This action can be
seen on a small scale in a number of the tributaries where the space
between two such cracks is now being cleared by the waters flowing
between them in times of heavy rains. A comparison of the width of
the Big Sioux Valley at Dell Rapids with its width above and below
this place makes it evident that enormous volumes of water were
crowded through this narrow channel. The carving of the Dells by
such streams wag a relatively simple maiter.

Origin of the Palisades and Devil’s Gulch.—The region about
CGarretson ig one of the well known scenic places of the State. The
hest known spots are the Palisades, a mile and a half south of the
town, and the Devil’s Gulch, which lies at its northern edge. The
scenery of both places was formed by the same process that formed
the Dells, i.e., the plucking of a much cracked gquartzitic hed rock
hy streams of water flowing over it.

) The waters which flowed down 8plit Roek Creek cut a valley
through bed rock from section 5, T. 103 N.,, R. 47 W., to section 1,
T. 102 N., R. 48 W., a distance of about eight miles. Over much of
this distance only low cliffs were for'med or high ones were formed

1Bretz, J. H.,, The Dalles Type of River Channel: Jour. of Geeol, vol.
32, p. 139. 1924, a3



on. one gide of the stream only, but at the Palisades a gulch over
three quarters of a mile in length wag formed. Its walls rise ver-
tically on both sides of the valley as do those of the Dells. Those
of the greatest height are near the north gquarter corner of section
31, T..103 N, R. 47 W., where the cliffs rise fifty-five feet above the
water. Pillars of rock, like King’s Rock, projections from the walls,
and rock stacks or chimneys standing on top of the cliffs have added
greatly to the picturesquenesg of the place.

The Devil’s Gulch was formed by a tributary of Split Rock which
flows into it from the east. The process of plucking is splendidly
illustrated here in the Devil’'s Stairway, a rift in the rock through
which one may descend with difficulty on great boulders and pro-
jections of rock. A water channel was formed between two large
parallel cracks, three to five feet apart, because the shattered ma-
terial between them could be easily removed. The walls of the Stair-
way are the outside walls of two large fissures and the stairs are
large blocks which have not been washed out into the main valley.

jA. large part of the cutting in the Split Rock valley was done
by waters from the Wisconsin ice but the Devil’'s Gulch was formed
entirely by waters which flowed down this channel during times of
heavy rain. The narrowness of both wvalleys shows that no such
great stream flowed through them as came down the Bigz Sioux.
This, in part, is the reason for the difference in the scenery at the
Palisades and the Dells. The strong streams of the Big Sioux car-
ried everything before them, including any rock projections that may
have formed and left the walls smooth, while the weaker streams
of Split Rock followed the most easily eroded channels, leaving stacks
and pillars of rock and many nooks formed by projections of rock.

Origin of the Great Bend of the Big Sioux.—The origin of the
great bend of the Big Sioux Valley at Sioux Falls furnishes an in-
teresting speculation. It is evident that such a bend was not formed
by normal valley growth. There probably was a valley down the
present course of the Big Sioux between Dell Rapids and Sioux Falls
but it must have been small. Judging from the narrowness of the
valley at Dell Kapids the old valley probably headed somewhere south
of that place. Where it flowed below Sioux Falls can only be sur-
mised but it has been suggested that it flowed southward and
emptied into the Vermillion.r This guess ig strengthened by the fact
that the drainage of the part of the valley between Brandon and
Sioux 'Falls was in a southwesterly direction, as is shown by the
cross bedding in the gravels of the Kansan terrace (p. 17). This
part was probably a tributary of the ancient Big Sioux.

When the torrents from the Wiscongin ice came down Skunk
Creek Valley they could not find an outlet to the south because the
ancient channel was blocked by the tongues of ice south of Sioux
Falls, Instead of following the edge of the ice across the upland
the ‘waters found a lower outlet at the head of the tributary just

1Todd, J. &., op, cit,, p. 108. a4



mentioned. They moved up this valley, therefore, in a direction
opposite that in which the Kansan waters had flowed and poured
over the low divide at its head into the basin of Split Rock. South
of Brandon they reached the valley of Split Rock itself, which they
followed out of the county. The falls were evidently formed at this
time by the cutting out of the drift north of the ledge of guartzite
over which the water now descends.

The path thus made by waters from Skunk Creek was deepened
by the floods which, later, came down the Big Sioux. Thus the Big
Sioux was established ag the master stream of the region and it has
held its course over the falls and around the bend ever since the
Wisconsin ice forced it 1ato ihat posiitiou.

It may seem a far cry from the scenery of the county to its
sand and gravel deposits, but they both are the products of the
same geologic events. The nature of the bed rock, the coming of
the two ice sheets, and the formation of the present valleys have all
played their part not only in making the scenic spots but also in
the formation of one of the county’s most valuable resources.
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TESTS AND USES
R. V. Newcomb

INTRODUCTION

Value to the Taxpayer.—At some timme or other all have heard
this remark, “A material survey of a state is all right for those who
are directly interested in building roads, but, for the rank and file
of taxpayers, it has but little value.”

Now I differ with those who make such a statement. First,
agreed that a material survey is of interest to the road builder. Just
who is the road builder? He is not only the engineering depart-
ments of the various state, county and municipal organizations, but
he is their executive as well, He is the contractor who builds these
roads. He is the man who owns the land upon which the deposits
of miaterial are found. He is the automobile owner who pays for
their construction and maintenance in the form of license fees and
gasoline tax.

I have in mind a section of roads in a neighboring state, of the
good old clay variety. When the weather is dry they are excellent
roads but when wet they are totally impassable. These roads occur
in an old Kansan Ice Drift area. What gravels that are left after
the thousands of years of erosion and wash, are well hidden by deep
coverings of earth. A careful geological investigation of this area
might find the necessary gravel deposits to bring part of these roads
out of the mud. Would that material survey affect the automobile
owner and general taxpayer? I leave the answer to you. And when
we affect the automobile owner we are immediately affecting the
great majority of the taxpayers of the State.

South DTakota has similar areas of gumbo roads and with no
apparent deposits of material to help them out of the mud. A care-
ful material survey of these areas in cooperation with the State Geo-
logical Survey will settle with certainty the question as to whether
or not there are materials to be had and the extent and the nature
of these materials.

Second, what about the man who wishes to build himself a
home? DBasement walls are constructed of concrete that call for
large quantities of sand and gravel. When the house is plastered,
the right kind of sand is needed. The farmer needs sand and gravel
for numerous construction jobs onrn and about the farm. During my
stay in Sioux Falls this summer (1925) I noticed a continuous
stream of trucks hauling sand from the pits northeast of town to
the sites of a number of new buildings going up in the downtown
district. Are those men who are concerned in putting up those new
buildings interested in material surveys? Indeed they are. Cheaper
and better material is always their immediate problem.
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Figure 7. Hayes Pit
N. E. guarter gection 11, T. 101 N, R. 49 W,

Some states have made surveys or so-called material surveys
where all existing gravel pits and exposed deposits have been sampled
and mapped. These surveys have proved of great value but per-
haps if more thorough they would have proved of much greater
benefit. Some of the largest and hest deposits found this summer
were deposits occurring where gravels were not known to exist and
the knowledge of which might have effected a great saving to vari-
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ous interested persons. A complete material survey is a direct in-
voice of South Dakota’s mineral wealth and aids in the economical
and proper distribution of this wealth.

It is an important matter to find these deposits of gravel but it
i3 a more difficult matter to write up the results in such manner as
to be of the greatest benefit and advantage to those interested. A
material bulletin: is usually passed off as ‘“too dry and non-inter-
esting.” And it is true., Why? Because these bulletins are neces-
sarily written up in word pictures covered with a great mass of
detail. :

In making these compilations, the writer hasg digressed some-
what from the usual conventicnal method in order to secure perhaps
a little more of that elusive thing, ‘“reader’s interest.”

Factors Concerned.—There are four questions that a man inter-
ested in sand or gravel will ask:—

First, Where are the deposits located (in any vicinity)?

Second, What kind of material ig in a certain spot and for
what use is it best adapted?

Third, How many cubic yards of material in the deposit?

Fourth, What is the accessibility of the deposit and how easily
can it be worked?

A general discussion of these four factors for Minnehaha County
1s herewith given,

LOCATION OF DEPOSITS

The sand and gravel deposits of Minnehaha County are grouped
mostly in the Skunk Creek valleys, in the lower Sioux River valley
and in the area lying between Garretson and Valley Springs. A few
gscattered patches are found in the remaining areas of the county.

The coarse and better gravels are found in the main Skunk
Creek valley, with the exception of the sand terraces that occur in
the upper branch of the Skunk from Lyons north to the edge of
the county. The coarse sand and fine gravel deposits are found in
the Sioux Valley east of Sioux Falls. A varied mixture of materials,
probably running more to fine sands, is found in the old Kansan
kame and esker district between Garretson and Valley Springs. Brief
mentipon may be made of the smaller excellent deposits of sands and
fine gravels as found in the upper Split Rock Valley near the north-
eastern part of the county. The smaller scattered deposits in the
remaining areas are not to be overlooked, as they are the deposits
that make economical road building possible, also economical con-
crete construction, as they cut down the cost of transportation
These deposits have real place value.

To show these deposits at a glance, a large sand and gravel map
of Minnehaha County has been made and placed in this report.
(See Fig. 8.)

To use this map, if the reader should wish to know concerning
the deposits in any vicinity, he may turn to the map and look for
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the black blotches nearest to the desired location. All of these de-
posits or areas of deposits have been sampled and a sample number
assigned. ‘Then, noting either the sample number or the loca-
tion by section, range and township, refer to tlie index, where the
page number will be given, upon which may be found the desecrip-
tion, tests- and recommendations for the deposit in question. If the
deposit looked up did not meet with the requirements of the reader,
either with regard to quantity or character of material, the consecu-
tive nearby deposits may be followed up until a suitable one is found.
The use of this map assures the interested party of getting the best
suitable material with the shortest haul,.

This is also a key for the land owner who wishes to know if
any commercial deposit of sand or gravel exists within his own cer-
tain farm or holdings.

Attention is called to the word ‘‘commercial.’”” Shallow deposits
in stream beds or small pockets found in till, laid over with a thick
covering of clay or loam, can hardly be considered commercial de-
posits, as the cost of uncovering and working the deposits would be
more than the value of the material recovered.

In general, nothing under 500 to 1,000 cubic yard deposits has
been plotted. The exception in this case would be found in localities
where there was a great lack of material, naturally increasing the
value of the small deposits there,

Nature and Use of Material.—The sand and gravel deposits of
this county are probably all of glacial origin., This means that the
sizing character and silt content will vary widely. However, it was
found that material occurring in certain types of formations within
given areas had more or less sameness. There are three types of
glacial deposits; kames, eskers and terraces. The kameg are the
beehive-shaped gravel hills occurring in groups of two or more, the
materials in which run to sand, with some fine gravels, also a large
amount of silt. The eskers are the long gravel ridges with notably
steep sides and a rolling crest, the material being coarse and geher-
ally dirty. The terraces are the deposits found on valley walls, usu-
all long and narrow with the tops quite flat. The better materials
are usually found in the terraces, being cleaner and running from
coarse gravels to find sands.

Glacial deposits in this state in general conlain a large amount
of finer material, a high silt content and objectionable goft material
such as chalk and shale.

To determine the physical qualities or nature of the deposits
it is therefore necessary to run a series of laboratory tests upon a
representative sample. From the results of these tests we may then
say as to its unit weight, ag to the percentage of sand, as to the
size or coarseness, its cleanliness and the character of material,
whether hard, soft or medium.

A certain combination of these variougs factors is necessary for
different uses to which a2 sand or gravel deposit may hest be put,

39



Specifications covering ideal combinations for wvarious uses are given
under the section headed ‘‘Specifications for Ideal Materials.”

Each commercial deposit or area of deposits has been sampled
and tested in the Highway Laboratory of the University. Description
of the material found in the deposit, results of the tests and recom-
mended uses are given under the section headed “‘Report of Samnples
from FKEach Deposit or Area, and Recommended Uses.” The page
number for the report on any sample may be found by referring to
the index.

VOLUME OF DEPOSITS

The estimate of wvolume for each deposit was made with as
much care as the size of the deposit would warrant. There is al-
ways that question of correct depth, because of the uncertainty of
the surface upon which the deposits lie, This depth was determined
by a combination of methods, namely: by boring down with a gravel
auger cutting an eight inch hole, by exposed faces and by the shape
or topography of the earth’s surface in that imimnediate vicinity,

The shapes of the deposits are usually uncertain. The kames
and beehive deposits were figured as a cone, the volume being deter-
mined by estimating the depth, height and distance across the base
The eskers or grave]l ridges were. figured as a trapezoidal section,
the volume heing determined by estimating the height, the width at
the top, width at base and length of ridge. The volume of a terrace
wag usually determined by getting the area covered and the average
depth of the deposit.

In all estimates of voluine made, conservative figures were used.
There should always be found the amounts as given with a prob-
able run-over of 25 per cent, The various present methods of work-
ing a deposit are not very efficient, however, and it is more than
possible that this amount would be wasted.

The volume for each deposit igs given under the section headed,
“Report of Samples from Each Deposit or Area, and Recommended
Uses.” The page number for any deposit may be found by referring
te the index under either sample number assigued or location by
gsection, township and range. ’

ACCESSIBILITY

In working any gravel or sand pit there are a number of factorg
to be considered. The ease with which a truck may be driven into
the nit for loading and the ease with which the loaded truck may
pull out are very important. There are few places in this county
where it will be found difficult to provide good roads into deposits.
However, this also means that these roads must be given attention
in the way of repairs and maintenance. Roads leading to some pits
were found to be almost impassable because of the very deep ruts
and lack of maintenance. It is noticed on the gravel map that a
number of the largest deposiis are cut through by railroads, thus
making most convenient rail transportation for those deposits.
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The depth of cover is a matter that directly concerns the cost
of working the pit. Observations have shown that z great number
of the pits already opened up in the county have been handled care-
lessly with regard to stripping and the disposal of this material. . The
cover would be allowed to cave in on top of the gravel and then the
mass would be smoothed back over the floor of the pit and work
continued, thus wasting a great amount of very good gravel. It is
to be recommended that the pit be properly stripped before the
gravel is removed from any sizable area, thus insuring a clean
gravel, no waste and really a saving in the cost of working the pit.

The relation of thickness of covering to thickness of deposit is
very important. If there is a thick covering of earth and a thin de-
posit of gravel, the cost of stripping would be more than the value
of the gravel removed. If there is a thick covering there must be a
corresponding thick deposit of gravel to make the pit workable,
The average amount of cover found would run from one to three
feet,

Some sand and gravel deposits occur in such places that it is
necessary to work them under water. This difficulty may be helped
by the use of centrifugal pumps, clam shell buckets and drag lines.

The accessibility and convenience of working each deposit is
discussed under the section headed, “Report on Samples from Each
Deposit or Area, and Recommended Uses.”

FIELD METHOD OF TAKING SAMPLES

Obviously the entire value of a laboratory test upon any deposit
depends on the securing of a representative sample for analysis.

This sample, necessarily small, 30 to 40 pounds, was taken with
great care. If the deposit was already open and a face exposed, the
face would be studied and a sample secured by taking portions from
different locations in the pit im such manner as to obtain a repre-
sentative sample and one that would probably correspond with the
general material as hauled from the pit.

It there was no face exposed, the sample would be obtained
from the borings as brought up by the large 8 inch auger. A smal}
portion was taken from each auger of material as brought up
during the process of drilling through the deposit.

This material, obtained as representative samples, was then
placed in canvas sacks, tagged, given a sample number and notation
made on the tag as to location, date, etc. The sacks were shipped
to the testing laboratory at Vermillion and the material allowed to
dry to room drynesg before any tests were made upon it.

DEFINITIONS

Absolute Weight.—The weight of a solid cubic foot of material
containing no wvoids. This value is obtained by multiplying the spe-
cific gravity of the material by 62.4.
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Aggregate.—The inert material, such as sand, gravel, broken
gtone, or combinationg thereof,” with which the cementing material is
mixed to form a mortar or concrete.

Cement.—See Portland Cement.

Character of Material Retained on 1 Inch Screen.—The charac-
ter of the coarse aggregate, desighated herein as follows:—
Soft: Crumbly rock such as shale, chalk and limonites.
Medium Hard: Fairly tough rocks like limestone and some
cherts.
Hard: Very resistant rocks such as granites, bhasalt, quartzites,
etc.

Clay.—Material separated by subsidence through water and pos-
sessing plastic or adhesive gqualities.

Coarse Aggregate.—Material retained on a ¥ inch sieve.

Cover.—Amount of earth or soil lying on top of sand or gravel
deposit.

Crusher Run.—The total unscreened product of a stone crusher.

Density.—The ratio of the sum of the abgolute volumes of the
solid ingredients (cement, sand, coarse aggregate) in a concrete
specimen to the actual volume of the specimen,

Fine Aggregate.—In general it is understood to mean sand or
that material passing the % inch sieve.

Hardness.—That property of a rock which resists wear or abra-
gion.

Loam.—Finely divided earthy material containing a consider-
able proportion of organic matter.

Mechanical Analysis.—The separation of fine or coarse aggregate
into various gizes of particles by sieves or screens.

Mesh.—The numbher of openings to the linear inch of the sieve.

Per Cent Passing 14 Inch Sieve.—Used to determine adaptability
of sample for road gravel. Sixty to 80 per cent should pass through
this sieve to make a fair road gravel.

Pit Run.—A mixture of sand and gravel in any proportion such
as it comes from the pit, -

Plasticity.—The yielding property of a wet mixture to change of
form.

Portland Cement.—It ig the product obtained by finely pulveriz-
ing clinker produced by caleining to incipient fusion amn intimate
and properly proportioned mixture of argillaceous and calcareous ma-
terials with no additions subsequent to incipient fusion, excepting
water and calcined or uncalcined gypsum.

Room Dry.—The degree of dryness attained by a sample or stock
of ‘aggregate, when stored in the laboratory in a thin layer for a
considerable period of time.

Sand.—Everything that passes 14 inch sieve,

Seven Day Tensile Test.—The tensile strength of a mortar made
from sand in a sample mixed to the ratio of one part (by weight)
of cement to three parts of sand. The mortar is cured one day in

42



moist- air and six days in water. The figure used is the tensile
strength of the mortar in pounds per square inch.

Shale.—A thinly stratified, consolidated sedimentary mud with
well marked cleavage parallel to the bedding.

Sieve.—In laboratory work, an apparatus, in which the aper-
tures are sqguare, for separating sizes of material.

Sieve Analysis.—See Mechanical Analysis,

Siliceous.—Containing silica (SiOz) in some form,

Silt.—Fine material which passes a 200 mesh sieve,

Specific Gravity.—The ratio of a unit volume ¢of a gubstance
to the weight of an egual volume of water at defined temperatures.

Standard Ottawa Sand.—A natural sand from Ottawa, Illinois,
screened to pass a 20 megh sieve and to be retained on a 30 mesh

sleve. It can be obtained from the Ottawa Silica Company, Ottawa,
I11.

Tensile Strength.—The maximum tensile stress which a ma-
terial is capable of withstanding.

Toughness.—That property of a rock which resists fracture by
impact or shock.

Unit Weight.—The unit weight of a cubic foot of aggregate,

Voids,—Pore space in sample or any specimen,

Volume.—Where used in connecltion with depos1ts cubic yards
of material contained therein.

Weight per Cubic Foot.—Weight in pounds per cubic foot of
the sample.

METHODS OF MAKING TESTS

The laboratory tests that were made upon the samples from
Minnehaha County deposits, are as follows:—

(1) Mechanical or Sieve Analysis (by weight)

(2) Specific Gravity

(3) Unit Weight

(4) Percentage of Voids

(5) Per Cent Silt (by volume)

(6) Character of Material Retained on 14 Inch Sievs

(7) Mortar Tensile-strength Test for FWine Aggregate

Mechanical Analysis.—The mechanical analysis test is used in
specifying the material for various uses by reason of finding out the
percentages of various size particles in the aggregate.

The apparatus used was a Ro-Tap sieve shaker and Tyler stand-
ard sieves, composed of the following sizes:—

2 inch opening 30 mesh
11« “ 40 ‘mesh
1 f “ 50 mesh
& ¢ 60 mesh
1 ¢ “f 80 mesh
VA ' 100 mesh
10 mesh : 200 mesh
20 mesh —— pan
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A representative sample of 2,000 grams was taken, room dry,
and shaken through the sieves, each nest of sieves being shaken for
five minutes, The material remaining on each sieve was then weighed
and recorded. From this data the various per cents passing and per
cents sand were computed.

Average Specific Gravity of the Sample.—The purpose of the
gpecific gravity test is primarily to obtain basic data so that the per-
centage of voidsg in the material may be computed. However, in a
rough way, this test may be used to determine the probable hardness
and toughness of the finer aggregate, as it may be assumed that an
aggregate having a high specific gravity will be composed of particleg
from trap rock, granites or quartzites rather than from limestones,
limonite, chalk or other softer rocks. :

In making this test, 1,000 grams of material, room dry was
used., The volume of this 1,000 gram sample was then determined
by pouring the sample into a can partly filled with water and noting
the number of cubic centimeters of water displaced. As one cubic
centimeter of water weighs one gram, the average specific gravity
of the sample may be then determined by dividing the weight of the
sample in grams by its absolute volume in cubic centimeters.

1,000

Average Specific Gravity= -
cc. water displaced

Unit Weight or Weight per Cubic Foot.—The purpose of this
test is to obtain basie data so that the percentage of voids may be
computed, to determine the unit weight so that various mix propor-
tions may be made and also to determine roughly the nature of the
aggregate. A sample weighing over 100 pounds per cubic foot would
probably have a comparatively low percentage of voids, proper coarse-
ness of particles and material of a dense nature such as trap or
quartzite.

In making this test, a wvessel of known volume was filled with -
representative aggregate from the sample, room dry, being sharply
rapped during the process of filling in order to give a uniform pack-
ing. The material thus held was carefully weighed. From this data
the weight of a cubic foot of the material was then computed.

Per Cent Voids.—The object of thig test is to secure data for
the proper proportioning and estimating of quantities of materials to
obtain a given amount of resulting material of a desired tensile
or compressive strength. Voids are used to calculate density.

The per cent voids for any sample was determined by the fol-
lowing formula:—

Absolute weight per cu. ft.—Weight per cu. ft.
Per Cent Voids=

Absolute weight per cu. ft.

The absolute weight of any material is its specific gravity multi-
plied hy 62.4 (the weight of one cubic foot of water),
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Per Cent Silt in Sand.—8Silt determination is used in specifying
fine aggregate for various purposes. It is especially desirable that
the amount of silt be small in aggregate used for surface courses
in concrete road construction.

The volume method was used to make the silt determination,
even though it gives but approximate results. As the silt content
will vary in different sections of a pit or deposit, this method was
considered accurate enough for the purpose,

A large round bottle, about 4 inches in diameter and 12 inches
high, was filled half full of water and then the material to be tested
added until the water came to within about two inches of the top.
The hottle was then shaken thoroughly and upset a number of timeg
s0 as to wash all silt from the particles and into suspension. - The
material wag then permitted to settle for 24 hours. The level of the
sand and the level of the silt wag then measured and the percentage
computed.

The volumetric percentage of silt will always be greater than
the gravimetric percentage. This ratio will vary between 2 and 3
for the average run of fine aggregate.

Character of Material Retained on 34 Inch Sieve.—(Glacial grav-
els are very likely to contain an appreciable amount of soft ma-
terials such as shale, chalk rock or limonite. This material is ob-
jectionable, especially when used as concrete aggregate for if imbed-
ded near the surface,.it will absorb meoisture and break out pieces
of concrete, This fact makes it necessary for specification as to
character of gravel used in concrete work. The South Dakota High-
way Commission specifies a maximum of 10 per cent for such soft
material, with a growing tendency toward a limit of 5 to 6 per cent,

In making this test, the material for each sample that did not
pass the %4 inch sieve during mechanical analysis- was used. This
amount was first weighed and recorded, then rated and separated
into three piles according to the following system of classification:—

(1) Soft Material
Chalk
Shale
Limonite
Partially disintegrated granite
Some sandstones
{2) Medium
Limestone
Some cherts
Some sandstones
(3) Hard
Igneous rocks
Quartz
Granite
Trap rock
Flint

ise -
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’ The material thus separated was weighed and the total of the
three checked with the original weight. The percentages of soft,
medium and hard materials were then computed.

Mortar Tensile Strength for Fine Aggregate.—The strength test
is used in specifying the fine aggregate for various purposes and is
the test which finally determines the acceptability of any given
material.

In making this test, a 1 to 3 mix ratio by weight was used.
The briquettes were cured 24 hours in moist air and 6 days immersed
in water; after which they were broken in a standard shot machine,

In detail, 500 grams of cement and 1,000 grams of the sand to
be tested were weighed out. This was then dry mixed thoroughly
and formed into a crater, into which enough water was poured to
form a mortar of normal consistency. The trowel was then used to
turn the material into the crater. After letting set for about half a
minute the operation was completed by continuous and vigorous
mixing, squeezing and kneading with the hands for a minute or more
until the paste had become thoroughly mixed.

The mortar was then placed into a standard four-gang mold,
belng pressed firmly into place by the thumbs., The surface of the
mold was then cleaned off with the trowel and tlie mold placed in
a moist closet for 24 hours, after which the briquettes were removed
from the mold and immersed in water. At the end of six days in
water the brigquettes were broken in a standard shot machine and
the tensile strength of each recorded. The strength recorded for
the sample was the average of the strengths of those briquettes hav-
ing the most consistent values.

For a sample to pass this test it is necessary that the briguettes
gshow g tensile strength of 200 pounds per square inch,

SPECIFICATIONS FOR IDEAL MATERIALS

Four uses for Minnehaha County sands and gravels will be con-
sidered in this report, namely:—
(1) Concrete purposes
{2) Road surfacing purposes
(3) Plaster sand
(4) Molding sand

Concrete Purposes:—

Sand.—TFor concrete purposes sand should be sharp, clean and
coarse; and the grains should be composed of durable minerals and
the graduation of the sizes of the grains should be such as to give a
minimum of voids.

Glacial sands usually consist of silica with a considerable ad-
mixture of mica, hornblende, feldspar, carbonate of lime, ete. These
softer minerals are very injurious to the strength of the concrete.
An over amount of these materials in the sand may sometimes be
detected by the tensile strength test. :
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Gradation of the particles miust be within limiting curves as
given in Fig. 9. '

LiMmTATION S9AND CURVE

Size or Sieve
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Figure 9

Specifications for eastern South Dakota sands to be used in con-
crete giving a standard seven-day tensile strength of 200 pounds
could then be stated as follows:— '

Not less than 20 per cent nor more than 75 per cent passing
20 mesh

Not more than 20 per cent passing 50 mesh

Not more than 8 per ceut passing 100 mesh

Silt content not more than 3 per cent by weigh or 7 per cent
by volume

These specifications and limitineg curveg for Iig. 9 were deter-
mined from data obtained by the Department of Highway Engineer-
ing of the University of South Dakota upon testing some 300 samples
of eastern South Dakota sands. This data will be further substanti-
ated from year to year by testing the various samples of sand as
sent in.

Gravel.—A good gravel for use in concrete must have the fol-
lowing characteristics:—

(1) Must be composed of durable materials

(2) Must be reasonably clean

(3) Have variety of sizes so as to give small per cent of voids

What has been.said of sand covering minerals (content) applies
with equal force to gravel. The harder and tougher the aggregate,
the better the resultant concrete.

Our glacial gravels contain more or lesg shale and chalk rock.
This soft material is very injurious to any concrete. Specifications
in this regard would then read, “not more than 5 per cent soft
material,”

The specifications for maximum size will vary with the use to
which the aggregate will be put. The larger the size of the pebble,
the denser and stronger will be the concrete, bhut experience has
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shown that for plein concrete it is impractical to use fragnients
larger than about 3 inches in diameter, and that for reinforced
concrele the maximum size should not be more than 1 inch.

PLAIN  CONCRETE AGGREGATE
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Ageregate in general for conerete use must then be clean, dur-
able and have proper gradation of size, Fig. 10 shows an ideal ag-
gregate for plain concrete. The light dotted line is an average
eastern South Dakota pit-run gravel used to show that our materials
run much finer than the ideal. The remedy, of course, is to mix in
the proper amounnt of coarse material and bring the result to ideal.
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Figure 11

Figure 11 is used to show lhow good sand looks when compared
with limitation curves. The full line is the sand from sample No.
69, which passes all requirements as to gradation of particles very
nicely, The dotted line is the sand from sample No. 40 and ig too
fine a sand for use in concrete.

By thus plotting up results of sieve analysis, the sand is imme-
diately classified as to its proper use. '
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Figure 12

It is also mnecessary to plot up not only the sand curve but the
“curve for the entire gradation of sizes. Figure 12 is used to show
how a good gravel looks when compared with the ideal. The full
line is the ideal curve and the dotted line is drawn for sample No.
69. Notice that there is an amount of oversize, and that by crushing
and mixing back this oversize we should have a curve that would
nearly approach the ideal. S

Mizing and Proportioning Aggregates.—You will notice in the
section, Report of Tests and Recommendations, that a mix ratio is
suggested to give standard sirength concrete for some of the ma-
terials. This ratio is by volume and it is for the general pit-run
material. It is understood of course that the material will vary in
different parts of the pif, which fact may slightly change the re-
quired mix ratio to give standard strength concrete. The ratio sug-
gested, however, will act as a general guide. In considering a mix
ratio for these various gravels, the two factors, weight and sand
content, were used.

Road Swurfacing Purposes.—A good road gravel must possess
proper honding qualities, must be hard and durable and reasonably
well graded. Part of the bonding quality iz obtained from the shape
of the material; mostiy, however, from such agents as clay, loam, iron
oxide or other mineral compositions. Amounts of clay should per-
haps not exceed 15 per cent, but the permissible amount will vary
according to the amounts and presence of other bonding materials,
The best criterion for bonding gquality of any gravel is actual service
tests on that material.

The usual maximum permissible size for road gravels is not to
exceed one inch. This means that considerable material in gravel
deposits has to he screened out. This oversize material should not
be wasted but should be crushed and mixed back in the aggregate.
Most of our glacial gravels run to an excessg of fines and contain more
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Figure 13. Pit Showing Waste of “Oversize”
The waste heaps contain the most resistant materials, which
comprise a large proportion of some of the deposits.

or less soft materials. The material in any deposit will be greatly
improved by crushing the oversize, the hardest and most durable
material there, and mixing it back with the rest of the miaterial.
This increases the percentage of coarse materials and increases the
average hardness of the entire deposit used.
| Specifications for road grave]l would read as follows:—
The gravel when tested by means of laboratory screens
shall meet the following requirements:—
All must pass a one inch screen.
Not more than 80 per cent nor lesz than 60 per cent
passing 3% inch sieve.
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To show probable liniitation curves for a good road
gravel Fig. 14 is given.

The curves are drawn from service tests of a number of local
“road gravels, also considering the above specifications with regard
to amount of material passing the 14 inch sieve.

It is to be understood that gravels falling between these curves
will give the best service results, All kinds of gravels are used for
road surfacing materials but they also give varying service results.
A large number of gravel roads constructed are really sand-clay
roads because of the large amount of fine aggregate in the material,
This does not mean that a poor road results from the use of this fine
material,—properly constructed and maintained sand-clay roads are
very serviceable,—but it does mean that they musi be constructed
and maintained as sand-_clay roads. Good gravel best shows up the
poorer gravel roads when the road is subjected to traffic from 400
to 500 vehicles a day and more.
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To show how a gravel may be manipulated, Figs. 15, 16 and 17
are given. Fig, 15 shows sample No. 69 as plotted with respect
to ideal limitation curves. The result shows that a fairly large per
cent of oversize must be taken care of, either screened out or-
crushed, one inch being the maximum: gize of particles permitted.

Figure 16 shows the result when the oversize is screened out.
The line passes out of the curve limitation, running too large a per-
centage of fines.

Figure 17 shows the result when the oversize is crushed and
mixed back with the aggregate. Thig results in an ideal road gravel.
For Minnehaha County deposits all oversize should be crushed and
mixed back with the material, as this oversize is tlie hardest and
most durable material in the deposits.

Plaster Sand.——What lhas been said councerning sands for con-
crete purposes applies with equal force to plaster sands. It must
be clean, coarse and with no soft particles.

In plaster work there is a large surface of material exposed in
proportion to the volume. As chalk rock, shale and other soft ma-
terials swell with addition of moisture, it is very necessary that
there be mno sofft materials in the plaster, as checking angd pitting
would result.

An ideal plaster sand would then be a pure siliceous one, a
sand where all the particles were hard and with no soft materials
present. As to silt content, an exceptionally clean sand is ideal. The
use of a sand with over 2 per cent (by weight) ovr 4 per cent (by
volume) of silt should be frowned upon,

Molding Sands.—The material used for molds is composed of
sand grains and a binding material. The grains are mostly guartz
but in part feldspar. Freedom from mica is desirable. The bond
may be clay or hydrous iron oxide and should be evenly distributed
through the sand. The sizing of the particles depends upon the
size of the casting to be made.
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The requisite gualities for a molding sand are as follows:—

Proper Size:—

{a) Core Sand

The sizing of core sand will vary for different types of work.
As g rule, core sand should be very high in silica and low in alumina,
A sand low in clay will permit the rapid escape of gases, whereas a
clayey sand bakes and holds back the gases. The sand then should
be clean, with but very little of silt, clay or other fine material.,
The samples of core sand from coarse to fine gave the following'j
gradation of particles (see Fig. 18):—

MOLDING 3ANDS - CORE DAND
%
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Figure 18

{(b) Molding Gravels _

A coarse material used in making heavy castings. The larger
pebbles may run approximately 14 inch in diameter. The pebbles
should pe silica and the bonding element clay. Because of the
coarse pebbles, the bond shomld be strong. A sambple of molding
gravel gave the following gradation of particles (sce Fig. 19):—

MoLDING GRAVEL

9128 oF Sieve
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) F3 30 4a 50 Gea o &o
Per (ent Passinag
Figure 19

(c¢) Steel Sand

Steel sand is selected primarily for its refractoriness, and the
impurities must necessarily be low, A uniform grading is desirable
and the average range of size from 20 to 150 mesh. A sample of
steel sand gave the following gradation of particles (see Fig. 20):—
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MoLDING SANMDS - STEEL SAND

A
-
> o
A BNy
2o | e
Q Jo ,——""
—
p "]
ao S
V4
RYM.
e, 70 2c EPS 4o 50 60 70 8o

Per CENT Passing
Figwre 20
{d) Fire Sand
Fire sand should be a highly siliceous, refractory sand. It may
contain some feldspar and hence it is not as pure as steel sand.
There may also be a small percentage of bonding substance such as
clay or hydrous iron oxide.
Fire sand is mixed with fire clay to make cupola and ladle lin-

ings., A sample of fire sand gave the following gradation of par-
ticles (see Fig, 21):—

MOLDING SANDS - FIRE SAND
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Figure 21

{e) Parting Sand
A pulverized pure quartz sand that usually passes 100 mesh. A
sample of parting sand gave the following gradation of particles:—

Retain on 50 mesh ... .o, 00 per cent
Retain on 150 mesh.......coiiiii il 11 per cent
Retain on 200 mesh... ... 15 per cent
Pam e 74 per cent

Permeability and Porosity.—By the permeability of sand is meant
the property that it possesses of allowing liquids or gases to filter
through it. It depends therefore on the size of the pore or space
between .the grains and their general sequence.
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By porosity is meant the volume of pore space between the
grains, or in other words, the pper cent voids.

The proper permeability of a molding sand is a matter of vital
importance, since it permits the gases to escape while the metal is
being cast. Blow holes are formed if these gases are not permitted
to escape.

Life of a Sand.—Most molding sands after being used once lose
some of their desirable gualities and after one or more heats become
“dead.” Some sands, however, can be used several times with or
without the admixture of some fresh sand. This ‘‘deadness’” is
probably due to dehydration of the material by the heat of the
molien metal.

Refractoriness.—A molding sand should be sufficiently refractory
to prevent its fusing completely when in contact with the molten
metal. ¥or this reason highly siliceous sands are most desirable.
At the same time a high percentage of silica is only to be gained at
the expense of clayey matter and a consequent loss in bonding
power, '

Bonding Power.—Sands for molding purposes should possess suf-
ficient bonding power to make the graing cohere after the form in
which they are tamped is removed, and must also resist the pressure
and washing action of the molten metal while it is being poured into
the mold. This bond depends upon two factors, the fineness of the
sand and the amount of clayey matter in it.

.
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