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THE STRUCTURAL AND ORNAMENTAL STONES
OF MINNESOTA.

By Oriver BowLEs.

INTRODUCTION.

The building and ornamental stones of Minnesota, though far less
valuable than the iron ores, rank second in value in the mineral
output of the State. The growth of the industry has been gradual
and has been subject to many fluctuations, due to decreasing demand
for certain products and to increasing demand for others. Certain
. localities where quarrying once flourished have found other industries
.more remunerative and abandoned pits at such places bear witness
to the former existence of the industry; other places, more favored
geographically or possessing stone better adapted to meet the pre-
vailing demands, have become centers for marketing.

In this bulletin the history of the industry is summarized, the
rocks of Minnesota and their constituent minerals are described, and
an outline of the geologic history is given. A brief account of the
properties essential to the usefulness of stones is followed by a general
discussion. of the crystalline rocks of Minnesota. Detailed descrip-
tions of the quarries, of their products, mode of operation, equipment,
ownership, and means of transportation, form the main body of the
report. As a guide for prospective operators undeveloped outcrops
as well as quarries are described.

The writer takes this opportunity to acknowledge his obligation
to Prof. F. F. Grout, of the University of Minnesota, for many valuable
suggestions and for aid in the field work, mapping, collection of data,
and criticism of manuscript; and to Mr. E. K. Soper for field work in
some of the southeastern counties. Thanks are due to Mr. George
S. Nishihara for preparing sketches and diagrams, and to Mr. E. F.
Burchard, of the United States Geological Survey, for supplying
statistics which it would have been impossible for the writer. to ob-
tain elsewhere. Mr. H. C. Whitaker, formerly editor of The Stone
Trade, supplied valuable figures, showing the present demand for
different types of stone. Mr. J. J. Cleveland, of St. Cloud, assistant
engineer, determined the location of certain points the position of
which it was necessary to fix for mapping. The tests of crushing
strain and transverse strength were made by the experimental
engineering .department of the University of Minnesota under the
direction of Prof. W, H. Kavanaugh. Acknowledgments are due to

13
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Mr. Alfred W. Gauger for chemical analyses of various limestones
and for some of the tests of specific gravity and porosity. 'The
quarrymen throughout the State have cooperated in the work most
cordially. Thanks are due particularly to Messrs. L. C. Brown,
W. J. Holes, A. M. Simmers, and C. L. Atwood, of St. Cloud, and
Mr. M. M. Williams, of Little Falls. Frequent reference has been
made to the work of the late N. H. Winchell * on the building stones
of the State.

Since the study of the stone resources of Minnesota was completed
an agreement has been entered into between the United States
Geological Survey, the Bureau of Mines, and the Bureau of Standards
for a cooperative study of the stone resources and industry of the
United States. Other bulletins like this, to be published by the
United States Geological Survey, will therefore be prepared by that
Survey in cooperation with these bureaus and with the geological
surveys of the States that may be interested. In general the agree-
ment provides that the United States Geological Survey shall gather
data concerning the classification, extent, and geology of undeveloped *
.and quarried deposits and the statistics of quarry output; that the
Bureau of Mines shall gather quarrying, mining, and technologic
data, with special reference to safety, efficiency of operations, and
prevention of waste; and that the Bureau of Standards shall make all
physical and chemical tests necessary to determine the value of the
stone for structural use and for making concrete.

Since this cooperative arrangement became effective the author of
this bulletin has represented the Bureau of Mines as quarry tech-
nologist. '

DEVELOPMENT OF STONE QUARRYING IN MINNESOTA.

Rocks useful for structural or ornamental purposes outcrop in
many parts of Minnesota. Limestones were the first to be utilized,
partly on account of their easy workability as compared with granites
and similar rocks and partly because they were situated in more
populous regions.

LDEESTONES

The first limestone quarry in Minnesota was opened in 1820 to
build part of old Fort Snelling. The second quarry, so far as is
known, is the one in Mendota from which limestone for Gen. Sibley’s
house was taken in 1835. (See PL. XVII, 4, and pp. 159, 160.) The
Carli quarry, in Stillwater, now operated by the city of Stillwater, was
opened in 1847 and another large quarry in 1854. The first quarry
in Winona was opened in 1854 and was followed a few years later
by several others. Three quarries were reported in Mankato at an
early date, the first in 1853. The first quarry in Mantorville began

1 Final report on the geology of Minnesota: Minnesota Geol. Survey, vol. 1, pp. 142-203, 1884.
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2. Monarch Granite Co. (a)
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3. Black Diamond Granite Co. (i) |

4, Black Diamond Granite Co.” (a)

5. Granite City Granite Co. (a)

6. National Quarry Co. (a) -
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8

9

"N e L.

. Simmers & Campbell (a)
. Melrose ‘Granite Co. (i)
. Melrose Granite Co. (a) P
10. Melrose Granite Co. (a)
11. Melrose Granite Co. (i)
12. Melrose Granite Co. (a),
13, St. Cloud Granite Works (a) -
14, Frick & Borwick Granite Co. (a)
15. 8. A. Jones (i)
16. Pioneer Granite Co. (a)
17. Holes Bros. (i)’
18, Melrose Granite Co. (a)
- 19, Empire Quarry Co. (a)
_. 20, Empire Quarry Co. (a)
2t. C. L. Atwood (i) -
22. Holes Bros. (i)
23. Holes Bros. (a)
24. Robinson Bros. (a)
25, J. B. Robinson (i)
26. John Doerner (a)
27. Morgan Flaherty & Son (i)
28. Northwestern Granite Co. (a)
29. Granite City Granite Co. (i)
30. Black Diamond Granite Co. (i) |
31, Robert Graham {i)
32. L. E. Noreen (a)
. 33, L. E. Noreen (a)
34, Streitz Bros. (a)
'35, St. Cloud Granite Works (a)
36, Robert Graham (a)
37. Melrose Granite Co. (a)
'38. United Granite Co. (a)
39. Rockville Granite Co. (a)
40. Clark & McCormack (a)
41, Homer Tenney (i)

SHERBURNE COUNTY

42. August Erickson (i)

43. August Erickson (a)

44, John Kellas (a)

45, Reformatory (a)

46. Reformatory (i)

47, East St. Cloud Granite Co. (a)
48. Hilder Granite Co. (a) -

49, Old Rock Island (i)

BENTON COUNTY

50. Fischer's quarry (a) :
© 81, Sauk Rapids Granite Co. (a)

52. Sauk Rapids Granite Co. (a)

53, Sauk Rapids Granite Co. (a)

54, Sauk Rapids Granite Co. (a)

55. Coates quarry {a)

56. Swanson & Hagstedt (a)
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operations in 1856, and two others between 1865 and 1870. The rock
from these quarries was hauled to neighboring towns before railways
were constry ‘od. By 1856 the quarry industry in the State had
- become acti 2.t

~ Excavations were begun on Barn Bluff, Red Wing, in 1865 and at
the Kasota quarries in 1868. Between 1870 and 1900 stone was
quarried more or less extensively at Caledonia, La Crescent, Browns-
ville, Whalen, Rushford, Fountain, and a number of other southern
towns, end also in Minneapolis and St. Paul.

CRYSTALLINE ROCKS.

The quarrying of crystalline rocks in Minnesota began about 1867.
The first granite quarry recorded was opened near the center of
Sauk Rapids village. It was first owned by F. A. Fogg.? A quarry
opened by Breen & Young in East St. Cloud in 1868 supplied stone
for the corners, steps, and trimmings of the United States custom-
house and post office at St. Paul. Other quarries near Sauk Rapids
were opened a little later. Several quarries in both the red and the
gray granites in the neighborhood of St. Cloud were opened between
1870 and 1885. Between 1880 and 1890 the industry prospered.
Between 1890 and 1900 the output fluctuated considerably but on
the whole grew slowly. From 1900 to the present time the growth
of the granite-quarrying industry has been strong and steady, and
the organization of at least three new companies in the St. Cloud
region in 1913 gives promise of further expansion. (See Pl. I.)
Detail maps (Pls. IT and IIT) show the active quarries in St. Cloud
and Haven townships. During the last 10 to 15 years certain out-
lying districts, the rocks of which appear to be related to those at
St. Cloud, have been exploited to some extent. - Several quarries
have been worked in Morrison County, though none of them are
now active. In Kanabec County, at Warman, a beautiful gray
granite was first worked in 1907 and is still being quarried. The
granites farther north have been but little used. About 1890 a
quarry was opened at Hinsdale siding, but it ceased operation about
two years later. A little red granite was quarmed many years ago
at Beaver Bay, on Lake Superior.

-In the upper Minnesota River valley crystalline rocks, including
diorites, granites, and gneisses, occur at several places between New
Ulm and Ortonville, and have been excavated at Morton, North Red-
wood, Granite Falls, Montevideo, and Ortonville. At Ortonville
active quarrying was begun in 1898 and was continued for several
years. The beautiful deep-red stone quarried there is particularly
attractive. Later the rock was used only for crushing, and work in
these quarries is entirely suspended.

1 Many of the dates given are taken from Winchell, N. H., Final report on the geology of Minnesota,
vol. 1, pp. 142-203, 1884.
3 Idem, vol. 2, p. 433, 1888,
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Quarrying was begun at North Redwood in 1898 and has been
carried on successfully ever since. At Morton the Saulpaugh Co.
employed about 300 men from 1884 to 1887. Subsequently John
Anderson operated on the same bluff, and in 1898 the present Ander-
son Granite Co. was formed. o

Between North Redwood and Ortonville a number of small exca-
vations were made, but the rock is of inferior quality and none of
these quarries are now being worked. (See pp. 69-72.) ‘

The gabbros of Minnesota have been quarried extensively only in
the neighborhood of Duluth. About 1896 active quarrying was
carried on at a number of points in the bluff west of the city. The
large quarry now operated by the Duluth Crushed Stone Co. was
opened in 1903. A quarry in diabase has been operated for a number
of years at Two Harbors. The diabase area at Taylors Falls was
excavated to furnish crushed stone for the big dam of the General
Electric Power Co. but has not been further developed. In fact the
gabbro is but little quarried except to obtain riprap or crushed stone.

SANDSTONES.

Sandstone was quarried at Sandstone, Pine County, in 1885, and
was hauled to Hinckley by teams. Some quartzite was quarried
near Courtland. in 1859 and near Luverne and Pipestone a few years
later. The Fond du Lac quarries supplied ‘‘brownstone’ for many
structures built between 1870 and 1900.

USES OF STONE.

As may be inferred from the number and distribution of quarries,
the rapidly growing population of Minnesota used stone extensively
in early days for structural use. Nearly all the stone quarried was
employed for building bridges, culverts, foundations of houses and
barns, for erecting dwellings, churches, and public institutions, and
for making lime. Comparatively little ornamental stone was quarried
before 1890. The conditions to-day, however, are very different
from those of 30 to 40 years ago, when building stone constituted
almost the entire product. A large and ever-increasing share of the
quarry output is crushed stone, part of which is used for concrete
and part to supply the present Wldespread demand for better roads
and streets. Curbstone and paving blocks are also in great demand.

The use of concrete for foundations, bridges, culverts, curbing,
footings, and other structures has markedly reduced the demand for
building stone and for lime. The use of concrete has the advantages
- of ease in transportation and economy in time and labor and has
consequently reduced the demand for the rougher grades of building
stone and has greatly increased the demand for crushed stone. The
stone men are to-day brought into keen competition with the advo-
cates of concrete. If properly employed, concrete may be used to
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advantage for many purposes, but it lends itself more readily than
stone to dishonest practices by unscrupulous builders. The concrete
contractor may make profits on low bids by using lean mixtures,
whereas the stone contractor must use all stone. Inferior concrete
work, however, undoubtedly reacts in favor of stone. .

As a consequence of the changed conditions indicated many
quarries that were once active are now idle, and many that were
worked for the rougher grades of structural stone now produce
crushed rock only.

On the other hand, the increased purchasing power of the people
has led to a demand for the better grades of structural and ornamen-
tal material. A considerable area of the State has passed beyond the
pioneer stage, and more commodious and permanent structures are
built. Civic pride demands the finest stone for public buildings, and
every year more and more costly monuments and spires are added
to cemeteries and public squares. ‘

To-day the inactive quarries of the State are chiefly those that
formerly produced rubble and lime. The demand for riprap is still
great, as it is used extensively for river improvement and harbor
protection. The demand for crushed rock is also great and is becom-
ing greater year by year. The market for high-grade structural and
ornamental stone is constantly becoming botter. Citios are becoming
larger—and more smoky; and as soot adheres but slightly to pol-
ished surfaces, polished stone is used more and moro for monuments,
pillars, columns, and panels. On account of its greater permanency
granite is now more widely used for monuments. The industry
has made its greatest advances in producing the better grades of
structural stone and in increasing its output of crushed stone.

PRODUCTION.

In connection with the history of Minnesota stone quarrying,
figures showing the production of stone are of interest. The follow-
ing table, compiled from volumes of ‘Mineral Resources” of the
United States Geological Survey, illustrates the progress of the indus-
try from early years and indicates its present proportions:

Value of stone quarried in Minnesota for various years.

1880. oot e e $255, 818
1890. . ........ e et eeeeaneaeameaneeeeeneeseeeeanenn 1,101, 008
1900, « e 930, 938
19104 - ool 1,997, 145
1) S 1,702,525
1912........... P 1,845,746
1908 e 1,952, 686
CB9MAe e 1,513,039

1915 - e et 1,492, 341
95545°—18—Bull. 663——2 '
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The output at 10-year intervals shows remarkable fluctuations.
In 1900 the value was less than it was 10 years before, but by 1910 it
had more than doubled. The highest production was reached in
1910. In value of production Minnesota in 1915 ranked seventeenth
among the States.

In the

following tables ¢ the stone produced in Minnesota is classi-

fied (by value) as to kind, uses, and sources (geologic formations).
The rocks are divided into four great groups, granite, basalt (includ-
ing gabbro), limestone, and sandstone (including quartzite).

Value of stone produced in Minnesota in 1915.

Granite. .............. P s $841, 943
Basalt (gabbro). ....... ...l 80, 640
Limestone. . . - o oo e i 395, 763
Sandstone and quartzite......... ... ... o ool 173,995

' 1, 492, 341

If the value of hme burned from Minnesota stone should be added,

the value of the limestone would be increased to $491,953.

Kinds of stone produced in Minnesota in 1915, tabulated by uses.

. Sand-
; Basalt | Lime-
Granite, (gabbro).| stone. stone and

quartzite.

Total.

Building or trimming:
Rough.

$276,336
35,368

573,169

162, 711
25,341
140
63,332

For road making . !
Railroad ballast .......... 329,039
Concrete........ 29,840
Sugarrefining. . ..ovoiiiiieiiiiiiiieiicei oo aeel| 2,100 |00l 2,100
Ore flux....coeeuun.s .. . 664 [.......... 664
Ot HEE USES . - - v cevaemerarencertsnarancarasesaionnns 3 5, 555 24,141
80,640 | 395,763 | 173,

995 | 1,492,341

Quantity, value, and uses of granite produced in Minnesota in 1915, by counties.

Building | Monumental :
(rough and | (roughand | Paving blocks. ,Csf};flll]:d
Num dressed). dressed). :
Tl Other | Total
County. IH:L?: N value. | value.
| Quan- Quan- ume Quan-|
%ty. Value. tity. Value. bliglc; ]gsf Value. tity. Value.
Benton, Lac qui Short
Parle, Redwood, Cu.ft. Cu.ft. toms. | .
and Renville..... 6) 17,5171823, 231) 23,379$43,349] 527,715 $40, 8260 .ciuferannnn 34, 119/8111, 525
Sherburne.......... 5| 25,108 30,399 14 727 32 166 585 000 44, 750| 12,950,815, 540 4,429] 127,284
Stearns......c.e.... 19| 27,802 65, 947, 181 285 497 654] 747,000 38 364......ecennns 1 169| 603,134
" 30 70, 427|119, 577|219, 391 573,1691 859,715 123,940 12,950| 15,540] 9,717 841,943
Average price......|[......leeeians L70[ .| 2.61)......... b66.64|....... 120 ..o foeiaiiis

o Prepared by E. F. Burchard, of the United States Geological Survey. b Per thousand,
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Grouped by geologm systems, the total value of the product given
for each division is as follows: ‘

Value of stone produced in Minnesota in 1915, by geologic systems.

Devonian; Mower County, all made into lime.

Ordovician:
Galena; Dodge County. ... ... ... ...l $8, 320
Platteville; limestone of Heanepin, Olmsted, Ramsey, and Rice
COUNEIES. e et 183, 646
Shakopee; limestone of Washington County........................ 3,720
Oneota; limestone of Blue Earth, Fillmore, Goodhue, Houston, Le
Sueur, Nicollet, and Winona counties. .......o.coveeeaieooi..... 200, 377

Cambrian; sand and sandstone, no production.
Keweenawan; the granites of Sherburne, Benton, and Stearns counties;

gabbro of Lake and St. Louis counties; and the sandstone of Pine County. 1, 019, 655
Huronian; quartzite of Nicollet, Pipestone, and Rock counties.......... 63, 982
Laurentian; granites of Lac qui Parle, Redwood, and Renville counties. . 12, 641

1, 492, 341

Lime burned from Minnesota stone in 1915 was valued at $96,190,
most of which sum must be credited to the Oneota formation and the
remainder to the Shakopee and Devonian.

A list of the buildings in which Minnesota stone has been used is
given on pages 211-213.

ROCK MINERALS.
PHYSICAL PROPERTIES.

Rocks are made up of minerals—small crystalline bodies firmly
joined together—but a detailed discussion of the minerals that com-
pose the stones of Minnesota is not within the scope of this bulletin.
Anyoné who desires to read a comprehensive discussion of this sub-
ject can find it in one of the many standard works on mineralogy.

Many minerals can be identified by their physical properties as
observed with the naked eye or with'the eye aided by a small pocket
lens.- “ Others can be identified by grinding down a small fragment of
the rock in which they occur until it is transparent and then studying
it with a microscope. Minerals may also be identified by chemical
tests. '

The principal physical properties by which a mineral can be‘identi-
fied are its color, streak, hardness, cleavage, form, and specific gravity.

The color of a mineral is the property that most readily appeals to
the eye; and color, though somewhat variable in the same mineral, is
useful in identification. Variations in color are usually due to the
presence of impurities. Thus, the smoky color of some quartz grains
is caused by minute grains of carbon or other dark inclusions, and the
pink color of orthoclase by small particles of hematite.

1 Dansa, J. D., Manual of mineralogy, New York, 1912. Kraus, E. H., Descri;')tive mineralogy, Ann
Arbor, Mich., 1011. Phillips, A. H., Mineralogy, New York, 1912,
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By streak is meant the color of the fine powder which, for the
harder minerals, is best obtained by rubbing the mineral on a plate
of unglazed porcelain, or which, for the softer minerals, may be
obtained by scratching the surface with a pocketknife. With most
minerals streak is more constant than color.

Minerals differ greatly in hardness. A ‘‘scale of hardness” has
been devised to express this property numerically. In this scale 1
is applied to minerals that can be scratched easily with the finger
nail, such as talc or clay; 2 to those that can be scratched with the
finger nail with greater difficulty, such as gypsum; 3 to those that
can be scratched easily with a knife, such as ealcite (limestone); 4 to
those that can be scratched with greater difficulty with a knife, such
as fluorite; 5 to those that can be scratched with very great difficulty
with a knife, such as apatite; 6 to those that can be scratched with a
file but not with a knife, and that will scratch glass, such as feldspar;
and 7 to those that can not be scratched with a file, such as quartz.
Minerals harder than 7 are not of common occurrence in bmldmg
stones.

Cleavage is defined as the tendency of a mineral to break in certain
definite directions, the breakage yielding more or less flat surfaces
that have brightly reflecting faces. If a piece of granite is held
between the observer and a source of light at a level below the eye,
the bright faces that may be observed are the cleavage planes of the
crystals of feldspar. As some minerals show such planes and others
do not, cleavage thus becomes a useful means of identifying certain
minerals. Under favorable conditions, such as are afforded by pro-

tected cavities, many minerals may grow as crystals having plane "

surfaces. In rocks, however, most of the crystal faces are destroyed
by the intergrowth of crystals, which form a crystalline mass. But
though the crystal form may be variable or may be entirely obliter-
ated by intergrowth, cleavage Temains constant. The rectangular
cleavage fragments of feldspar and the cleavage angles of hornblende
(56° and 124°) are characteristic.

The specific gravity of a mineral is its Wclght compared with the
weight of an equal volume of water. Some minerals, such as calcite -
or quartz, are light, being little more than 24 times as heavy as water;
others, such as iron ores, are heavy, being about 5 times as heavy as
water. With practice, one can estimate specific gravity fairly well
with the hand. Most rocks, however, contain so many different
minerals that they can not readily be identified by their weight.

The minerals that occur commonly in anesota building stones
are briefly described below.

SILICATES.

Kaolinite—Kaolinite, kaolin, or clay is a hydrous silicate of alumi-
num and is the chief constituent of shales and slates. It has a
" characteristic earthy odor and a tendency to absorb water. Such
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absorption promotes disintegration in shales and argillaceous sand-
stones. Kaolin is produced chiefly by the-decomposition of feldspar
in granites and allied rocks; the clay particles, in separating out,
cloud the feldspar, and the degree of cloudiness indicates the extent
to which decomposition has progressed.

Feldspar.—There are several kinds of feldspar, which are distin-
guished by differences in composition and crystallization. The prin-
cipal varieties are orthoclase, microcline, and plagioclase. There are
several kinds of plagioclase, but their distinction without a micro-
scope is difficult and likely to be inaccurate, and no attempt will here
‘be made to indicate methods of distinguishing them.

The feldspars are important constituents of granites and certain
other igneous rocks, and consequently form one of the chief groups
of minerals in building stones. Though less resistant than quartz,
they withstand weathering remarkably well. On alteration by
weathering they form chiefly clays. The beauty and permanence of
the structures made from the granites of Minnesota quarries are
due largely to the attractive colors, susceptibility to polish, and
resistance to weathering of the feldspars in the rock. '

Orthoclase is a silicate of aluminum and potassium. It has a
hardness of 6, a specific gravity of 2.5, and a perfect cleavage, which
may be recognized by the brilliant reflection of licht shown by its
crystals when viewed at certain angles. Its color is usually some
shade of pink but may be gray or white. Orthoclase is an essential
constituent of most granites, commonly forming nearly half the mass
of the rock. Much of the orthoclase in Minnesota granites is remark-
ably intergrown with stringers of quartz or with other feldspars (see
p- 51), bit these stringers can be seen only with the microscope.
. Orthoclase is more resistant to weathering than plagioclase.

Microcline, though having the saéme composition as orthoclase, crys-
tallizes differently. In rocks it is practically impossible to distinguish
microcline from orthoclase without the use of a microscope. It is
very common in the granites of Minnesota, and in some of them it is
the most abundant feldspar.

The plagioclase of most common occurrence is a silicate of alumi-
* num, calcium, and sodium, and is commonly called lime-soda feldspar.
In hardness, specific gravity, and cleavage it is similar to orthoclase,
but its color is characteristically light gray or dark gray rather than
pink. In many medium or coarse grained rocks it may be distin-
guished from orthoclase by the lines or striations on its cleavage
surfaces. It occurs in different amounts in most granites and is the
characteristic feldspar in the darker rocks, such as the diorites, dia-
bases, or gabbros. Plagioclases are more easily altered than orthoclase
or microcline. By surface weathering they form chiefly clay, but
by deep-seated hydrothermal alteration they may form sericite or
zoisite.
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Mica.—There are two common types of mica—muscovite, or white
mica (improperly called “isinglass’), and biotite, or black mica.
Muscovite is a hydrous silicate of potassium and aluminum and is
sometimes called potash mica. Biotite contains magnesium and iron
in addition to the constituents of muscovite. Both varieties have
very perfect cleavage in one direction, being made up of thin, easily
sepa,rable elastic plates p]led one upon another.

The hardness of mica is 2 to 3. Biotite is more common than
muscovite and forms the dark grams or specks in.many granites.
Muscovite appears in a few granites in the form of small silvery plates.
Biotite alters to chlorite, quartz iron oxide, and carbonates. Musco-
vite is more stable. :

Hornblende.—The most common member of the amphibole group
of minerals is hornblende, a complex silicate of calcium, magnesium,
iron, and aluminum. It is very dark green to pitch black in color,
has a hardness of about 6, and a perfect prismatic cleavage. It has
two cleavages, which make angles of about 56° and 124° with each
other, but in grains exposed on rock surfaces it commonly shows only
one. It resembles biotite, but it will not split into thin plates, and
it is much harder—so hard that while unaltered it can not be scratched
with a knife, whereas mica can be scratched easily. Hornblende is
the most common dark mineral in granites and diorites and is present
in many schists and gneisses. By surface weathering it alters to
quartz, carbonates, and iron oxides. It is regarded as a fairly stable
mineral, one that resists atmospheric decomposition better than most
dark minerals, and hence its presence is not undesirable in a bulldmg
stone. Its alteration to chlorite or epidote, if pronounced results in
green stains.

Augite—Though it is placed in another group—the pyroxenes—
augite is similar in composition to hornblende. The two minerals
are often confused. Some features that distinguish augite from
hornblende are its less brilliant cleavage surfaces, the difference in its
. cleavage angles which approach 90° rather than 60°, and in some
varieties its somewhat metallic luster. Its hardness and color
are similar to those of hornblende. It is a characteristic constituent
of the dark igneous rocks, such as diabase and gabbro, though occa-
sionally it is a minor constituent of granite or diorite. Its most
common associates are plagioclase feldspar, olivine, and magnetite.
The alteration of augite to hornblende has been frequently noted.
This type of alteration may take place at great depth and does not
necessarily diminish the value of the rock as a building stone. Augite
is less stable than hornblende; it weathers somewhat readily, giving
the same alteration products. Its presence is not desirable in struc-
tural stone that is to be exposed to the weather. '
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CHhlorite.—Chlorite is a hydrous silicate of aluminum, iron, mag-
nesium, and rarely manganese. It has a hardness of about 2 and
generally a dark-green color. It 'is formed by hydrothermal altera-
tion and also by weathering of the original constituents of a rock,
commonly by the alteration of hornblende, augite, or biotite. Chlo-
rite gives the characteristic color to ‘‘greenstones,” which are dense,
basic igneous rocks that have undergone alteration. Its presence
in building stones generally indicates surface weathering.

Epidote—The mineral epidote is a hydrous silicate of calcium,
aluminum, and iron. In igneous rocks it is usually an alteration
product. Its hardness is 6 to 7, its specific gravity 3.3 to 3.5, and
its color yellowish green. .It forms ‘‘green lines’’ and stains in many
granites, and in some is sufficiently abundant to give the whole rock
mass a bright yellow-green color. It alters to an earthy iron-stained
material.

Olivine.—In chemical composition olivine is a silicate of iron and .
magnesium. It has a hardness of 6.5 to 7, a specific gravity of 3.2 to
3.6, and an olive-green color. It occurs as glassy grains in basic rocks,
such as diabase, gabbro, or basalt. It alters readily to serpentine,
tale, or chlorite.

Tale.—Talc is a hydrous silicate of magnesium. It has a hardness
of 1, a soapy or greasy feel, and an apple-green to white color. It
is a product of the decomposition of hornblende, augite, or olivine.
It is often called soapstone or soap rock. Much of what is designated

‘““soap rock” by quarrymen, however, is clay or a mixture of llme-
stone and clay and contains no talc.

Sphene.—Titanite or sphene is a silicate of calcium and titanium.
It is a hard brown mineral occurring in many granites as wedge-
shaped crystals which, however, are generally too small to be recog-
nized with the unaided eye. It is a common microscopic accessory
mineral in ‘‘St. Cloud gray’’ granite. Its presence does not impair
the quality of the stone.

Zircon.—Zircon is a silicate of zirconium. It occurs as micro-
scopic tetragonal crystals, usually in or near biotite or hornblende.
In the granites of central Minnesota the crystals of zircon, which occur
in biotite, are commonly surrounded by dark rings known as ‘‘pleo-
chroic halos.”” They can be seen only with the microscope.

Garnet—Common red garnet is a silicate of iron and aluminum.
- It has a hardness of about 7, poor cleavage, white streak, and red
color. It appears as perfect crystals, generally with diamond-shaped
faces, or as irregular granular masses of different sizes, the largest
one-fourth to one-half inch across. Garnet is usually found in
metamorphic rocks, such as gneisses or schists, though occasionally
it is found in granites. It occurs in certain schist inclusions in the
granites of central Minnesota.
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CARBONATES.

Calcite.—Calcite is calcium carbonate (CaCO,). It has a hardness
of 3. In most Minnesota occurrences it is white to yellow, but in the
marbles of some other States and of certain foreign countries it 1s
red, blue, green, and other colors. Calcite crystals show perfect
cleavages in three directions, meeting at angles of about 75°. In
limestones, however, calcite is commonly in granular form and shows
no cleavage. It effervesces in cold dilute hydrochloric acid. It is
very abundant in nature, forming the chief part of many limestones
and occurring as interstitial filling in some sandstones. It is not
common in igneous rocks and its presence in them practically always
indicates alteration. Calcite dissolves slowly in water containing
carbon dioxide. )

Dolomite.—Dolomite is a carbonate containing calcium and mag-
nesium (CaMg(CQO,),). It has the same hardness, color, and cleavage .
as calcite, from which it may be distinguished by the fact that it
will not effervesce in cold dilute acid. It is common in'most of the
limestone beds of Minnesota.

OXIDES.

Quartz.—Quartz is silicon dioxide (Si0,). It has a hardness of 7
and so is the hardest of all the common minerals in rocks. It is
generally clear and glassy but may be smoky, milky, or blue. In
open spaces it may form beautiful hexagonal crystals, but in rocks it
appears as rounded or irregular grains. It has no cleavage, is in-
soluble in all common acids, and has a specific gravity of 2.6. It
commonly forms the glassy grains in granites, and is the chief part
of most sandstones. It is important in building stones from the fact
that it resists weathering better than other common minerals. It is
abundant in the red granites of Minnesota but is less plentiful in the
gray granites. It constitutes almost the entire mass of the sand-
stones of Kettle River and of the quartzites of Rock and Pipestone
counties. :

. Magnetite.—Magnetiteis an oxide of iron' (Fe,0,). Itisahardblack
mineral, makes a black streak, and is readily attracted by a weak mag-
net. It occurs in basic igneous rocks, commonly in grains large
enough to be seen with the naked eye. It is less abundant, though
almost as widespread, in the siliceous rocks. It is present in small
grains in practically all granites, though generally recognizable only
with the microscope. It is a stable oxide and does not readily alter .
to forms which cause stains when exposed to the weather. Some
grains that appear to be magnetite may be ilmenite (FeO.TiO,), a
mineral which is similar in appearance but which is not so readily
attracted by the magnet.
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Hematite.—The mineral hematite is an oxide of iron (Fe,0,). It is
red to black in color and has a red-brown streak. It occurs as a hard
mineral of metallic luster or as a soft earthy aggregate and is the
chief iron ore in Minnesota. In many building stones it occurs as
microscopic grains. The color of the red granites of Minnesota is
largely due to fine microscopic inclusions of hematite, mostly in
orthoclase or microcline. It also forms a large part of the cementing
material in some sandstones. It alters slowly to limonite.

Limonite.—Limonite is a common oxide of iron, having the same
chemical composition as hematite except that it contains also water.
The hard varieties are brown to black in color and have a yellow-brown
streak. Earthy varieties are yellow and soft. It results from the.
decomposition of pyrite and other minerals that contain iron, such as
hornblende, biotite, or augite. Limonite gives a buff or yellow color
to many limestones and sandstones. The yellow ‘‘Kasota” marble
_ and many of the buff limestones in southeastern Minnesota owe their
rich color chiefly to the fine grains of limonite that are scattered
through them. Occasionally limonite forms unsightly stains on the
surfaces of building stones.

SULPHIDES.

Pyrite.—Pyrite is a sulphide of iron (FeS,). It is brass-yellow in
color, has a hardness of 6 to 6.5, and occurs as little crystals or grains
in many rocks. By weathering, pyrite oxidizes more or less rapidly
to limonite. Some authors have stated unreservedly that rock con-
taining pyrite will stain readily by weathering, but many structures
made of stone containing an abundance of pyrite have stood exposed
to the weather for 75 or 100 years without staining. If the pyrite is
pure and in the form of nonporous crystals, it is usually resistant. If
it is mixed with marcasite, it will rapidly oxidize and produce stains.! .

Marcasite.—Marcasite has the same chemical composition as pyrite
but differs from it in crystal form. Its physical properties are similar
to those of pyrite, and it is usually difficult to dlstmgmsh the two min-
erals. Marcasite may also occur as scattered grains in building stones
but is less common than pyrite. By weathering, it oxidizes to limo-
nite. It alters more readily than pyrite and must, on that account, -
be regarded as a more serious impurity in structural stone designed
for exterior use. Minnesota building stones are remarkably free from
both pyrite and marcasite.

 PHOSPHATES.

Apatite.—Apatite is a phosphate of calcium. It occurs in building
stones, generally as microscopic prismatic erystals that form inclu-
sions in other minerals. Its presence has practically no influence on
the quality of. the stone.

1 Fora complete discussion of sulphide decomposition see Bowles, Oliver, The technology of marble
quarrying: Bur. Mines Bull. 106, pp. 30-32, 1916.
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ROCKS.
CLASSIFICATION.

Rocks are classified, according to their origin, into three great
groups—igneous, sedimentary, and metamorphic. Only rocks that
* may be used as building stone are described in this bulletin.

Igneous rocks are those which originated from a molten mass or
magma that cooled and solidified. Differences in the conditions of
solidification produce rocks of different textures. Magmas that cooled
very slowly at great depth commonly formed coarse-grained rocks,
such as granite or gabbro; those that cooled rapidly commonly formed
fine-grained rocks, such as basalt. The igneous rocks of economic
importance in Minnesota are mostly granite, but include also smaller
amounts of diorite, gabbro, basalt, and diabase.

Sedimentary rocks are sometimes referred to as ‘‘stratified,” for
they are formed of sediments that were laid down in successive strata
or layers. Most of the materials of which they are formed have been -
derived from igneous rocks through disintegration. The process of
rock decay or disintegration, though apparently very slow, is con-
tinuous and produces results of immense magnitude. Alternate frost
and heat open innumerable fractures in rocks, chemical constituents
of the atmosphere and of rain water penetrate these fractures and dis-
solve out parts of the rocks; and rain, streams, waves, or tides break
loose the shattered fragments, grind them up, and transport them far
from their source. Wind, too, is an agent of transportation. Millions
of tons, even cubic miles of rock, are thus disintegrated and carried
away to oceans or lakes where they are deposited as sediment. In
addition to the products of rock decay, myriads of organisms that
inhabit the ocean secrete calcium carbonate from the sea water to form
their shells, which on the death of the organisms add to the accumu-
lations of rock-forming material. Thus three great processes—rock
disintegration, transportation, and redeposition—are now at work and
have been at work for ages; and these processes, aided, as indicated,
by organic agencies, have formed most of the sedimentary rocks.
Four great types of rocks are thus formed—conglomerate, sandstone,
" shale, and limestone or dolomite.

Metamorphic rocks are rocks of either igneous or sedimentary
origin which have been profoundly altered by dynamic, chemical, or
thermal processes. The chief agencies that produce such changes
are pressure, heat, and chemical reaction. . Under great pressure and
high temperature rocks deep in the earth may become plastic and by
earth movement may become tilted or folded into complex forms.
Pressure may cause recrystallization; and thermal waters may dis-
solve, transport, and reprecipitate many minerals. Thus new rocks
may be formed whose texture and composition are entirely distinet
from those of the unaltered igneous or sedimentary rocks.
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IGNEOUS ROCKS.

Granite.—Granite is a completely crystallized rock consisting of
distinctly visible grains and is regarded as originating at considerable
depth below the surface. It was once liquid, but on cooling its con-
stituent minerals slowly crystallized out, the crystals interlocking with
one another. The chief minerals in granite are orthoclase, microcline,
plagioclase, quartz, and mica or hornblende. These are usually
accompanied by magnetite, apatite, zircon, pyrite, or sphene. All
the essential constituents of granite except mica are as hard as or
harder than steel, so that it is hard to cut and dress.

The color of granite depends largely on the color of the feldspar it
contains; and, as feldspar is red, pink, or some shade of gray or
white, granites are red, pink, or gray. If hornblende or biotite is
abundant and is evenly scattered through it in fine grains the rock
may be almost black. The granites of the upper Minnesota River
valley are mostly red or pink; those of central Minnesota are red,
gray, or black, and occur in many complex and interesting relations,
(See pp. 54-57.)

Granites are classified as fine grained, medium grained, or coarse
grained. Medium-grained granites are those in which the feldspar
crystals average about one-fourth of an inch in diameter. A granite
in which some of the crystals of feldspar are much larger than the
others is called a porphyritic granite. In building or ornamental
stone uniformity of texture is desirable. Granites are named from
the most abundant ferromagnesian mineral they contain, being called,
for example, biotite granite or hornblende granite.

Some quarrymen desire to know the depths to which granite may
extend and whether there is danger that a body of the rock may run
out. In this respect granites and other deep-seated igneous rocks
differ notably from sandstones, limestones, or other sedimentary
rocks. The sediments were laid down originally as nearly horizontal
beds and may be of relatively slight thickness, so that in a given area
they may in time be quarried out., Granite, on the other hand, comes
up from below; its depth is unknown but in general is very great
and may be measurable even in miles. The depth to which it may,
be quarried is generally governed by the position of the ledges worked
and the ease of extraction.

The lateral extent of granite, like its depth, is usually great.
Where all its outcrops are of similar rock over a considerable area
(as, for example, in Stearns County, Minn.), they are probably not
separate individual rock masses but are parts of one great body or
mass of granite that underlies the whole area or even the whole region.
Most of this mass is covered with glacial drift, through which the
granite projects here and there in knobs or ridges that rise from it
like islands from a sea, and all these projections are, to continue the
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simile; united at the seafloor. In most areas of granite the mass of
rock is almost unlimited, and the supply available for quarrying
depends on many considerations, such as ease of transportation and
- stripping, and quality of stone. o

Aplite—Aplite is a name given to a fine-grained light-colored
granite that usually occurs in dikes.

Syenite.—Syenite consists essentially of orthoclase feldspar and
some dark mineral, such as hornblende or biotite. It differs from
granite in containing no free quartz.

No true syenite is quarried in Minnesota. Winchell ! calls many
of the crystalline rocks quarried in the St. Cloud region syenite, a
designation quite in accord with his definition, for he states that
““Syenite differs from true granite in containing the mineral horn-
blende instead of mica, both being otherwise alike composed of
quartz and feldspar”;* but this definition is quite different from that
given above. '

Quartz monzonite—Quartz monzonite is similar to granite except
that the orthoclase and plagioclase are approximately equal in
amount. They can scarcely be distinguished from granites except
with the microscope.

Diorite.—Typical diorite consists of abundant plagioclase feldspar,
with subordinate orthoclase or microcline, together with hornblende,
augite or mica, and no quartz. If quartz is present the rock is called
quartz diorite, though in ordinary field classification such rocks are
usually called granites, as one can not readily discriminate the dif-
ferent feldspars. The origin and texture of diorite is similar to that
of granite. It is usually much darker and is therefore not so desirable
as a structural stone. ‘ :

Granodiorite.—Granodiorite is intermediate in composition between
quartz monzonite and quartz diorite; it contains less orthoclase than
quartz monzonite and more orthoclase than quartz diorite. }

Gabbro.—Gabbro consists essentially of plagioclase feldspar and
augite. Common accessory minerals are olivine, biotite, horn-
blende, and magnetite. It is usually dark gray or green or nearly
black. It is a deep-seated rock, like granite, and has the same
texture. On account of its very dark color and thé fact that it
weathers more readily than granite, it is generally not a desirable
building or ornamental stone. It is excellent for crushing or for
riprap. Much of the rock in the gabbro area near Duluth consists
almost entirely of plagioclase and is called ‘“anorthosite.”

Basalt.—Basalt has the same composition as gabbro but is much
finer grained. The molten magma from which 1t was formed was
poured out in great surface flows or sheets, and its rapid cooling

1Winchell, N. H., Geology of Minnesota, vol. 2, p. 431, 1884.
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produced the fine-grained texture. Though more difficult to crush
than granite or gabbro it is well adapted to road building or concrete
construction. '

Diabase.—The composition of diabase is similar to that of gabbro
and basalt, and in texture the rock is intermediate between them.
Typical diabase is rather fine grained and contains needle-like or
lathlike crystals of feldspar. It is commonly a dike rock—that is, it
has been intruded into cracks or fissures in preexisting rocks. It
is dark green or black and is used as riprap or crushed rock.

SEDIMENTARY ROCKS.

Conglomerate—Water may sort the material it carries according
to size and weight and deposit it in more or less uniform beds. Coarse
pebbles and boulders are deposited near & shore, and when cemented
together they form rock called conglomerate. The pebbles of a
conglomerate may be of various kinds and colors, but nearly all
of them are well rounded by the action of water and the spaces
between the large pebbles are filled with smaller pebbles, sand, clay,
iron oxide, or calcium carbonate. Through long ages of intense pres-
- sure, aided by the deposition of cementing material, the whole mass
has become firmly consolidated. By elevation of the sea floor and
by erosion of the overlying material the conglomerate may appear
at the surface of the earth. Conglomerates are not abundant in
Minnesota. One ridge of beautiful jasper conglomerate, which lies
across the river from New Ulm, in Nicollet County, has been quarried
to some extent. If their pebbles are nearly uniform in hardness.and
are firmly cemented conglomerates may form useful building stones.

Sandstone.—Pebbles and boulders are dropped near the shore but
sand grains are carried farther out and deposited in deeper water.
By the same processes of consolidation that form the conglomerates
the sands are cemented into a more or less coherent mass known as
sandstone. Nearly all sandstones are composed chiefly of quartz,
but they contain other minerals in small and markedly different pro-
portions; the “Fond du Lac’’ sandstone contains much feldspar and
mica, whereas the St. Peter and Jordan sandstones are 95 to 99 per
cent quartz. The economic value of a sandstone depends largely
on its state of aggregation. Many sandstones are poorly cemented
and for this reason are termed friable or incoherent. The degree
of coherence depends on the amount of cementing material and the
nature of the cement. The cement is deposited from mineral-
bearing waters that percolate through the minute spaces between the
sand grains and gradually fill them by precipitation. As a conse-
quence the nature of the cement depends on the composition of the
solution. The most common cements in sandstone are clay, silica,
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calcium carbonate, and iron oxide. Calcareous cement is not
desirable, for it dissolves in water containing carbon dioxide and
allows the sand grains to fall apart. Iron oxide is not very desirable,
as some forms of it alter and stain the rock. It also makes a weak
cement, which is not even so durable as the calcareous. It gives a
brown or reddish color to the rock. The best and most durable
cement is silica in the form of quartz. In some sandstones the
intergranular spaces are so completely filled with quartz that the
original sand grains have lost their identity and the whole rock looks
like massive quartz. Such a rock is termed a quartzite. This is
probably the most enduring of all building stones, but its hardness
makes it so difficult to cut and trim that it is not used extensively.
The most valuable sandstone is that in which & proper balance is
attained between workability, which governs the cost of production,
and degree of induration, which governs strength and durability.

Shale.—The finest particles transported by streams are naturally
carried the farthest from shore and are deposited in deeper water in
the form of beds of clay, which, when firmly cemented and hardened,
form a rock called shale. Shales are of no economic value for direct
use as structural material, but certain shales of Minnesota and other
States are used for making brick, and in some States shale is used as
an ingredient of Portland cement.

Limestone and dolomite.—Pure limestone consists of the mineral
calcite (carbonate of calcium, CaCO,), and pure dolomite consists of
carbonate of magnesium and calcium (CaMg(CO;),). The term
limestone commonly includes both calcite and dolomite or mixtures
of these in variable proportions. Most limestone is formed from
shells of marine organisms, but a small portion results from the
chemical precipitation of calcium or magnesium carbonates. The
shells may be so broken as to produce a fine-grained mass, in which,
however, many well-preserved shells remain. The mass of shells or
finer material is consolidated by pressure or by the addition of
cementing material. It may so happen that the carbonate materials
are deposited simultaneously with sand- grains or mud, forming
sandy or clayey limestones. Furthermore, deposits of lime, sand,
and clay may be formed in succession, resulting in alternate beds
or lenses of limestone, sandstone, and shale. By elevation of the sea
floor extensive beds of limestone may form land surface.

The limestones of Minnesota are practically all dolomitic, and some
are pure dolomites. These highly dolomitic limestones can not be
used for making cement, but they are excellent structural materials.
Dolomite is less soluble and more enduring than calcite. The lime-
stones, as a group, whether pure or dolomitic, are attractive and
durable. They dissolve slowly in water containing carbon dioxide.
When shaly they disintegrate more rqadily. '
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METAMORPHIC ROCKS.

Gneiss.—Intense unequal pressure resulting from earth movement
or from the flow of a magma during its crystallization may give to
granites or related rocks a banding due to the parallel arrangement of
the constituent minerals. Such rocks are called gneisses. Many
gneisses are more permeable and hence less resistant to weathering
than the corresponding unchanged granites. They have also less
transverse strength, especia.lly in the direction parallel with the band-
ing. 'This is true of some gneisses near Montevideo, Minn., though the
Morton gneiss, both in permeability and strength, is appa,rently in no
respect inferior to a granite. Most gneisses are less umform 1n texture
than granites.

Schist.—Schists are finely banded metamorphic rocks, which are
seldom quarried for structural uses. On account of their lamination
most of them are weak and are permeable to water and therefore dis-
integrate rapidly. No schists are quarried in Minnesota.

Quartzite.—By metamorphism a sandstone may be changed to-a
quartzite (see p. 202), and by intense mechanical deformation clayey
sandstone may be converted to a quartz schist.

Slate.—The metamorphism of a shale results in the formation of
numerous closely spaced cleavage planes, most of which cut across the
bedding planes in flat-laying beds and thus are vertical or nearly so.
The resulting rock is slate, which in thin sheets may be used for roofing.
Near Carlton, Minn., there are great masses of slate, which, however,
are as yet but little exploited.

Marble.—The metamorphism of a limestone or dolomite produces a
recrystallized form known as marble. Marble takes a good polish and
is used chiefly as ornamental stone. As it is a product of metamor-
phism it is usually found in mountainous regions, notably in the Ap-
palachian belt of the Eastern States. The limestones of Minnesota
have undergone little or no folding and have not been affected by
igneous intrusion, so that no true marble deposits are likely to be found
in the State. Some of the beds at Kasota, however, though practi-
cally undisturbed since their formation, are somewhat recrystallized
and when polished are sometimes termed ‘“marble.” Certain of
the recrystallized beds extend into the Mankato quarries, but no
other marbles are known in the State. Serpentine rock, or ‘““verd
antique,” which is used for decoration, is classed with marbles, as it is
a commercial substitute for true marble. No serpentine marble is
quarried in Minnesota. :

ROCK STRUCTURES THAT AFFECT QUARRYING.

TYPES. :

The work of quarrying building stone includes the excavation of
blocks of specified sizes and shapes. Ordinarily this work involves
two steps—the breaking loose of larger blocks and the reduction of
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these blocks to proper dimensions. The rock structures that are of
prime interest to quarrymen in connection with the first step are the
natural open seams that divide the rock into rhomboidal masses; the
structures that are of interest in connection with the second step are
those that permlt, the rock to be split with greater ease in certain
directions than in others. Quarrymen recognize two kinds of open
seams—rvertical or nearly vertical seams, called joints, and horizontal
seams, which, if they occur in igneous rocks, are called sheeting planes,”
or, if they occur in undisturbed sedimentary rocks, are called bedding
planes. As bedding planes are planes of stratification they may stand
at any angle in folded beds. Planes of cleavage, along which the rock
splits with greater ease, are known as ‘‘the rift”” and * the run.”” In
many eastern quarries ‘“‘grain’’ is used instead of “‘run.”

JOINTS.

Most of the joints in the igneous rocks of Minnesota are nearly ver-
dcal. Several parallel joints constitute a ‘“system.” Joints gener-
ally occur in two prominent systems that meet at an angle of about
90°, but at many places a third or fourth system may appear. Those
of the most persistent and continuous series are known as major
joints or master joints; those that continue for only short distances
are known as minor joints. Buckley’s classification® recognizes these
two types only, but in many of the quarry descriptions given in this
bulletin a third term, secondary, is applied to joints that are interme-
diate between major and minor. In many quarries, especially granite
quarries, the joints occur mainly in two systems, one more promi-
nent than the other, termed major and secondary. Other less pro-
nounced systems are termed minor. A fourth type of joints, known
to quarrymen as dry seams or blind seams, consists of incipient joint
planes or closed joints, which are invisible or appear only as faint lines
in the undisturbed rock but which readily open when the rock is
shattered by a blast. In many places they pass obliquely through
blocks marked out by major or secondary ]omts

Joints are now regarded as due to compressive or torsional strain,
a single force producing two sets of joints that intersect at an angle
of about 90°, and each set makes an angle of 45° with the direction of
strain.? : .

The angles of intersection and the spacing of the joints are of great
importance to quarrymen. If the joints are too closely spaced (only
afewinches apart), the blocks are too small to be useful and the rocl.
is valuable only for crushing. If they are too widely spaced (50, 75,
or 100 feet apart), quarryingis difficult. If they meet at acute angles, .
much rock is wasted. (See also p. 62.) ‘

1 Wisconsin Geol. Survey Bull 4 p. 457, 1898.
2 Dale, T. N., The granites of Connecticut: U. S. Geol. Survey Bull. 484,p 37, 1911,
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In sedimentary rocks jointing is generally complex. At many
places two promment systems cross at nearly a right angle, and
secondary or minor systems may meet them at oblique angles.
Most of the joints are nearly vertical. Joint systems may show
remarkable continuity over considerable areas.

SHEETING PLANES.

Sheeting planes in igneous rocks are generally more closely spaced
near the surface than they are far below it. Most of them are nearly
horizontal and in general conform with the rock surface. Inclined
sheets are common but may be related to joints rather than to
sheets. According to Dale,! the chief factor in producing sheets is
compressive strain aided by expansion under solar heat. -

The presence of sheeting planes greatly facilitates the removal of
blocks. Where they are absent or are spaced too far apart artificial
sheets are formed by dischargmg blasts in horizontal holes, known

as “‘lift holes ”
BEDDING PLANES.

Bedding planes are parallel with the planes of stratification in
sedimentary rocks and are generally more regular and more closely
spaced than sheeting planes. They may be open fractures or they
may be seams of different material, such as clay seams in limestone.
(Close bedding and jointing are undesirable in quarries where building
stone or only riprap or crushed rock is produced. The blocks are
too small for building stone, and blasting for the production of rip- .
rap or crushed stone is not very effective, as much of the explosive
force is disseminated in the cracks.

RIFT AND RUN.

Many gramtes split with greater ease in some directions than in
others. The direction of easiest splitting or the fracture system that
makes the splitting possible is called the rift. In some granites a
second direction of easy splitting or fracture system stands at right
angles to the rift, but this system is less strongly marked. In many
eastern quarries this system is called the ‘‘grain.” Throughout
Minnesota, however, the term ‘‘run’’ is generally employed by
quarrymen for this system, and is therefore the term used in this
bulletin. The direction at right angles to both rift and run is called
the “hardway’’ or ‘‘head grain.” In this direction the rock does
not split readily. Throughout central Minnesota the rift is horizon-
tal and the run is generally north and south, though in a small area
of granite in secs. 17 and 20, St. Cloud Township, Stearns County,
it is east and west. The rift is apparently independent of the sheets;

1 Dale, T. N., op. cit., p. 20. -
95545°—18—Bull. 663——3
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in certain quarries where the sheets dip 30° or more the rift is
horizontal. ‘

Neither rift nor run is at all pronounced in Minnesota granites.
Skilled stonecutters can detect them easily but others can not.
The ability to recognize them is indispensable to the success of the
quarryman, especially of cutters of paving blocks, which must be
blocked out and trimmed according to the natural planes of splitting.
(See PL. VI, A4, p. 60.) °

There is great diversity of opinion reg&rdmg the cause of rift and
run. According to Dale,* who cites the opinions of others and adds
the results of his own investigations, they are due principally to
mineral orientation—that is, the arrangement of the rock minerals
in lines or planes; to incipient jointing caused by strain; and to
microscopic faults or fractures. In an earlier publication Dale?
shows that a probable relation exists between rift and run and the
fluidal cavities in minerals. He gives a number of illustrations from
New England granite quarries which indicate that rift is independent
.of flow structure.

That rift and run in the gramtes of central Minnesota have their
origin in mineral orlentatlon is rather definitely indicated by two
facts:

1. The rift surface is smoother than other surfaces. A skilled
paving-block cutter, when blindfolded, can detect the rift by the feel
of the surface. A predominance of feldspar cleavage planes parallel
with a surface would manifestly produce greater smoothness or
uniformity.

2. The statement of some quarrymen that they recognize the
direction of rift by ‘‘the direction in which the grains point’’ is sig-
nificant. They appear to base their observations rather on the dark
than on the light-colored minerals.

Rift and run are noticeable in sedimentary rocks. Planes of
stratification are planes of weakness, even if they are not open, so
that massive blocks may be readily split from certain beds along
some particular horizontal plane. Such splitting is comparable with
the “‘rift”” of igneous rocks, though the planes of fracture are of dif-
ferent origin. Such a plane is known among limestone quarrymen
as ‘‘capping.” It is probably due to a slight .change in sedimenta-
tion-—to the deposition of a thin layer of material that differs from
that deposited before or merely to a temporary cessation in deposi-
tion, either of which might form a smooth surface that would permit
little or no interlocking of grains with the bed next laid down. The
run is much less pronounced than the rift but is of considerable im-
portance, especially in sandstone from which paving blocks are made.

1 Dale, T. N, op. cit., p. 26.
3 Dale, T'. N., 'I‘he chief commercial granites of Massachusetts, New Ha.mpshxre ‘and Rhode Island:
U. 8. Geol. Survoy Bull, 354, pp. 42-47, 1908.
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PROPERTIES OF STONE.
OUTLINE OF PROPERTIES.

The adaptability of a stone to structural or ornamental use is
governed mainly by its inherent physical, chemical, and mineral
properties. The properties required for different uses differ greatly,
depending on the purpose for which the stone is to be employed.
For bridge rock great strength is required, for monuments or other
outdoor structures appearance and resistance to weathering are of
more consequence, and for interior decoration attractive color and
adaptability to carving and polishing are the chief requisites. Some
of the important properties of stone are its composition (mineral or
chemical), hardness, texture, color, strength, porosity, and specific
gravity or weight. '

: : ) METHODS OF STUDY. i

As is pointed out by Buckley and Buehler ! these properties may
be determined by three different methods—by studying the stone in
the quarry or in exposures, by examining structures made from the
stone, and by laboratory tests. Several of the properties may be
studied by all three methods, others by two of them. If possible,
the results obtained by one method of investigation should be veri-
fied by comparing them with the results obtained by others.

The data recorded in this report were obtained mainly by studying
the rocks in quarries and in natural exposures. All active and many
abandoned quarries were visited and the surface indications at many
undeveloped outcrops were examined.

The stone buildjng's and other structures in Minnesota are very
youthful in compamson with many in the Old World, and a study of
their endurance is of relatlvely less value than a study of structures
in lands where civilization is older, but all information that could
be gained by this method of study has been recorded. 'The labora-
tory work done involved investigations of crushing strength, trans-
verse strength, porosity, specific grawty, and weight per cubic foot,
as well as chemical analyses and microscopic examinations.

BRIEF DESCRIPTIONS OF PROPERTIES.

Full discussions of the properties of stone are given in other
reports,” so that only the more salient features are here noted.

Composition.—A rock consists of one or more minerals, and the
minerals are made up of elements combined in definite proportions.
By chemical analysis these elements and the proportion-of each may

1 Buckley, E. R., and Buehler, H. A., The quarrying industry of Missouri: Missouri Bm' Geology and
Mines, 2d ser., vol. 2, p. 30, 1904.

3 Buckley, E R., and Buehler, H. A., op. cit. Merrill, ,G. P., Stones for building and decoration, 3d ed.,
1903. Ries, H., Buxldmg stones and clay products, 1912.° Parks, W. A., Building and ornamental stones
of Canada, vol. 1, 1912,
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be determined, and by microscopic study the individual minerals
may be identified. The value of chemical analyses of building stone
is often overestimated. The analysis of a granite may give little
indication of its adaptability to structural uses. Simple qualitative
tests may, however, be very useful. For example, it is much more
desirable to know whether the iron in a granite is present in the
ferrous or ferric state than to know its exact amount. An analysis
of a limestone discloses its value for certain uses. The proportion
of magnesium it contains directly affects its value for making cement;
the proportion of aluminum usually indicates the proportion of clay
mixed with the calcium or magnesium carbonates; a knowledge of
the proportion of insoluble matter is important if the limestone is to
be used as a fertilizer; and the presence of sulphur probably indicates
that it contains pyrite. Much useful information that was formerly
obtained almost exclusively by chemical methods, or was not ob-
tained at all, is now gained by the use of the petrographic micro-
scope, study with which is quicker, cheaper, and for most purposes
more effective than chemical investigation. By the microscope we
may observe and identify the minerals in a rock and may note their
state of aggregation, freshness, relative abundance, impurities, and
texture, and may to some extent interpret the history of the rock and
learn what influences have been at work to improve or impair it for
structural uses. In the preparation of this bulletin about 300 thin
sections of Minnesota stones were studied with the microscope. (See
reports on particular quarries, pp. 68-147.) -

Hardness.—The hardness of a rock, or its resistance to abrasion,
depends directly on the hardness and texture of its component min-
erals. Most of the constituents of granite are as hard as or harder
than steel, and the rock is therefore difficult to tool. Granites in
which the proportion of quartz is large are harder than those in which
it is small, for quartz is their hardest essential constituent. ‘Lime-
stone consists of minerals that can be scratched easily with a knife
and it is consequently worked with comparative ease. Sandstone
may be worked with ease or difficulty according to the nature of its
cementing material and its state of aggregation. Siliceous sand-
stones or quartzites are the most difficult to cut.

Texture.—The term * texture,” as applied to a rock, means the size,
uniformity, and arrangement of its constituent mineral grains. In

rubble, riprap, or crushed stone texture is of little moment, but in
" stone of ornamental grades it is of vital importance. Uniformity
in size of grain and in distribution of minerals is demanded in monu-
mental and the best structural stone. Fossiliferous limestones are
subject to differential Weathermg, which destroys their orlgmally
uniform surfaces
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Color.—Rocks are of many colors, and the choice of color for a
building stone depends on individual taste or prevailing fashion.
For monumental stone there is a demand for rock of practically all
colors. TFor building stone, red, gray, brown, or white rocks are
widely employed, and dark-gray or black rocks are used but little.
The buff or yellow colors of many limestones and sandstones and
the red or pink shades of many granites are due to the presence of
minute grains of iron oxides. Surface stains are serious blemishes
and are generally due to the presence of small crystals of pyrite,
marcasite, or siderite, which oxidize by weathering, or to soluble
iron salts in the quarry water.

Strength.—Most building stones, when unweathered, are suffi-
ciently strong for all ordinary structural uses. Bridge piers and sup-
porting columns in large buildings must sustain great pressures, but
even in such structures the strength of ordinary stone far exceeds the
requirements of safety. It is, however, generally conceded that rock
disintegrates and tends to weaken more readily when under severe
stress, and a factor of safety of 20 is therefore usually demanded—

_that is, the stone must be able to resist a crushing stress 20 times as
great as that to which it will be subject when placed in a wall. For
ordinary uses a stone that will sustain a crushing strength of 5,000
pounds to the square inch is considered satisfactory. Most fresh
granites will sustain a pressure of 20,000 to 35,000 pounds to the
square inch, and many limestones will sustain a pressure nearly as
great. Sandstones differ widely in strength, but their probable
strength can be judged from the state of aggregation of their con-

- stituent minerals. Crushing tests are not particularly useful except

those made on stone that is to be employed for some purpose that
demands exceptionally great strength. Tests made to show trans-
verse strength—that is, the strength required to sustain a load ap-
plied at the middle of & bar of stone that is supported at the ends—
is of more importance, for it shows the adaptability of the stone to
use as window caps, door caps, and the like. The number of broken
caps that may be observed in buildings indicates that sufficient care
has not been taken in selecting stone for such uses.

Tests to show both the compressive and the transverse strength of

a number of Minnesota rocks were made under the direction of W. H.

Kavanaugh, of the University of Minnesota. Both kinds of tests

were made on a number of samples from each of the quarries, in order
to get fair average results. In making crushing tests the compres-
sion surfaces of the cubes were bedded in a thin layer of plaster of

Paris to insure an even bearing. The transverse tests were made by

arranging the specimen on well-rounded supports 10 inches apart and
applying the load in the center of this span through a similarly well-
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rounded bearing. In computing the modulus of rupture the well-
PLe

41
pounds per square inch; P=breaking load at center in pounds;
L =span in inches; e=maximum fiber distance; I =moment of inertia

known formula p =--="was used, in which p =modulus of rupture in

of the cross section at the break, computed from the formula 7= bIE, in

which b is the width of and % the depth of the specimen.

The compression tests were made on sawn cubes of approximately
23-inch edge, and the transverse tests on blocks 24 by 21 by 12 inches,
the supports being 10 inches apart.

Porosity.—Porosity affects the durability of a stone by permitting
the infiltration of water which may contain solvents and which may
freeze in the pores. Many tests have been made to determine the
percentage of pore space in rocks. Early writers have stated that the
danger due to frost is directly proportional to the percentage of pore
space, but Buckley * has pointed out that the important factor to con-
sider is the facility with which the stone gives up water; that as rocks
with small pores give it up less readily, rocks with fine pores suffer
most seriously from the action of frost. Parks? determined the per-
meability of many rocks and found that it bore no relation to per-
centage of porosity or to the effect of frost. .Itisapparent, however, that
the solvent effect would be greater in rocks of greater permeability.

Specific gravity and weight per cubic foot.—The specific gravity of
a stone is its weight compared with the weight of an equal volume of
water. It may be expressed as apparent specific gravity or true
" specific gravity. The apparent specific gravity of a rock is obtained -
when its pore spaces are filled with air throughout the determination.
The true specific gravity is obtained when pore space is eliminated,
either by filling the pores with water or by determining specific
gravity from the rock powder. The latter method was employed in
all the determinations here recorded.

The specific gravity of common rocks ranges from 2.2 to 2.7, and the
weight per cubic foot ranges from 150 to 190 pounds, depending on the
weight and relative abundance of the constituent minerals and upon
the porosity. The weight per cubic foot is useful in calculatmg the
weight which a superstructure imposes upon its base.

PHYSICAL TESTS.

The following table shows the results of recent physical tests of the
several Minnesota building stones. The results of earlier tests have
been published by Winchell.?

1 Buckley, E. R., The building and ornamental stones of Wisconsin, p. 22, 1898.
2 Parks, W. A., Report on the building and ornamental stones of Canada, vol. 1, p. 62, 1912.
3 Winchell, N. H.,, op. cit., vol. 1, pp. 196-203.
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Results of recent physical tests of Minnesota building stones.

Crushing Trans-
strength. verse | True
breaking| spe- Pore
Rock. Locality. Quarry. strength;| cific |~ | Weight.
First Final |modulus| grav- |°¥
col- of ity.
crack.
lapse. [rupture.
Lbs. per|Lbs. per| Lbs. per Per | Lbs. per
8¢.in. | 8¢.im. | sq.in. cent. | cu. ft.
Granite (red)....| Ortonville...... Consolidated | 12,772 | 23,722 | 3,098.2 |.......0.....fe.eeiiia
Granite Co.
Granite (pink). .| North Redwood. N(gth 'tR%dwood 12,308 | 21,236 | 4,526 | 2.690 | 0.6 167.1
ranite Co.
Granite (gneiss).| Morton......... Aléderson Granite | 8,600 | 20,340 | 3,042 |.......|.....leecee.l.
0.
Granﬁ;e (pale | Rockville....... Clarkk& McCot- | 10,574 | 17,204 1 2,048 |.......|......|..ceiiLl.
1nK mack.
Ql(mrtz) diorite | St.Cloud....... Robert Graham...[ 15,080 | 21,000 | 2,979 | 2.761| .37 171.9
Gra.mte (red)...|..... do.......... Me(a)lrose Granite | 9,733 | 19,101 | 2,291 |.......0.. ... o.e..... .
0.
J.B.Robinson....|....co..feeeueii]nnnnnnt 2.643 | .32 164.6

Pioneer Granite | 9,395 [ 15,712 | 2,596 |.......|.....f..col.l.

Co.
August Erickson. .
.......... Warman........| Warman Creek
Granite Co.
Marble (pink)..| Kasota........foeeeeooiiiiiiiiiias
Marble (yellow) ..... [ 1 S N .
Limestone | Mankato........ Fowler & Pay....
(bridge ]edge)
Limestone. .....| Hastings........ 0. Carlson. . . . X
Do Frontenac. ..... Frontenac Stone 6,874 | 8,017 | 1,367 |.......|ecooiifeeeinii..

Co.

...|"Donohue Bros. .
.| Eberhart Kaul.

.| Ottawa....
Rochester. .
Faribault. ...
St. Lawrence.

Plainview......| Abe Leatherman.

.| St. Charles Fred Wolter
Pipestone.......|.....c.....oooiiiil

Sandsl:one ...... San(cilstone ...... Ketge River

CONSIDERATIONS IN SELECTING STONE.

The chief considerations in selecting stone are durability, appear-
ance, and cost.

Durability—Stone that is to be used for exterior work, particu-
larly in a climate like that of Minnesota, should be able to withstand
weathering. Its durability will depend chiefly on its mineral compo-
sition and texture. Limestones dissolve slowly in water that con-
tains carbon dioxide, porous rocks disintegrate by freezing, and gran-
ites may be fractured by unequal expansion of their constituent min-
erals. These processes are, however, very slow and uncertain. It is
difficult to judge the weathering qualities of a stone by examining
its constituents and texture. Many careful laboratory tests have been
made and the results have been recorded in the literature. Such
tests are important, and the results are worthy of much attention.

A very practical method of determining the resistance of a rock to
weathering—a method which may be used in conjunction with labo-
ratory tests—is to observe the rock where it has been long subjected
to the elements and to study the visible effects of weathering. This
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study may consist of careful scrutiny of structures built many years
ago or of the stone as it occurs in the quarry.

For certain uses, as for flagging or steps, resistance to weathering
is of course necessary, but resistance to wear is of even more impor-
tance.

Stone in buildings may be subjected to intense heat by a confla-
gration. The ability of different rocks to resist the effects of high
temperature has been studied by observation of burned buildings
and by laboratory tests. W. E. McCourt ! has shown that limestones,
up to the point of calcination, withstand the effects of fire better
than any other stones. Next in order are sandstones, next fine-
grained crystalline rocks, and last the coarser crystalline rocks. As
a rule, the finer grained and more compact the stone and the simpler
its mineral composition. the better will it resist the damaging effects
of extreme heat.

Appearance.—Color and texture are the controlling factors of ap-
pearance. Individual tastes differ greatly as to colors or textures,
but there are certain general principles bearing on appearance to
which practically all will subscribe. White or very light colors are
undesirable for structures in manufacturing or railroad centers,
where soot and smoke blacken building stone. The blackening may
to some extent be prevented by polishing the stone, as soot adheres
less readily to a polished than to a rough surface, but the cost of
polishing is high.

A very desirable feature of color is umformlty, and this may be
hard to obtain. Different beds may have different shades of color,
and for architectural unity it may be necessary to obtain all the
stone from a single bed. Lack of uniformity may be due to unequal

distribution of different-colored minerals, such as are seen in areas of

pegmatite in granites or in the varied ba,nding of gneisses.

Generally speaking, permanence of color is requisite to attractive-

ness. Unequal oxidation may cause some parts of a rock surface to
become darker than others, and bleaching may cause some parts to
become lighter. The presence of alkali salts may result in the forma-
tion of unsightly efflorescent coatings. Crystals of pyrite, marcasite,
or siderite may by oxidation cause rusty stains, such as may be ob-
served in many structures in Minneapolis on blocks of limestone
obtained from local Platteville beds. For selecting stone free from
such blemishes careful microscopic examination is recommended.

Under certain conditions, however, change of color may not detract
from the appearance of a structure. Limestones and sandstones
may become darker through lapse of time, by chemical changes—for
example, the oxidation of iron carbonate. If all the stone in a
‘structure changes uniformly the resulting color may be as attractive

1 New Jersey Geol. Survey Ann. Rept. for 1906.

P
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as the original. On some stones richer and more pleasing tones of
color develop after prolonged exposure.

Uniformity of texture is desirable in stone designed for certain
structures, such as monuments, carved objects, and exterior building
blocks, but variations in texture may add to the attractiveness of
large columns or panels. Thus a coarsely banded gneiss may be
very attractive in a large column but would not look well in a pol-
ished monument, especially in a small one. }

Cost.—The factors that govern the cost of stone are quarry con-

- ditions, workability, and situation with respect to the means of
transportation.

One important element in quarrying is the thickness of soil or
waste rock that covers the beds to be quarried. Drainage is also
important, as pumping increases the expense of quarrying. The
angle of intersection and the proximity of joints and sheeting planes
have much to do with the ease of removal of the rock and the shape
of the blocks obtained. Acute angles of intersection result in unde-
sirable angular fragments, and wide spacing makes quarrying more
difficult. The presence of defects increases the cost, for the expense
of handling rejected blocks must be added to the price of the finished
product. Skill in quarrying tends to reduce the cost of stone. The
situation of the quarry opening with respect to the attitude of in-
clined sheets, the use of modern machinery, the position and depth
of drill holes, and the size of the charge employed, are all factors in
the cost of productlon The utilization of waste material is one of
the important economic problems in stone quarrying.

The workability of stone depends partly on the hardness and
texture of its constituent minerals and partly on the rift and run.
The ease with which a stone can be tooled, sawed, or polished de-
pends chiefly on its hardness and texture. The ease with which it
can be split or trimmed into blocks with even surfaces depends on
the natural directions of splitting, and the cost depends both on the
skill of the cutter and his knowledge of the inherent peculiarities of
the stone.

A block of granite 2 feet square and 3 feet long weighs about a ton.
The cost of transportation may be the chief item of expense. Stone
may be transported by team and wagon, by railroad, or by water,
transportation by water being the cheapest. :

PHYSIOGRAPHY.

Taken as a whole the surface of Minnesota is a moderately undu-
lating plain, marked at intervals by belts of uneven topography,
where hills of rock or glacial drift are interspersed with undrained
depressions and by some extensive lake beds, the most notable of
which are in the Red River valley, a basin that was once occupied
by the glacial Lake Agassiz.
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Southern Minnesota is for the most part a plain of moderate
elevation. An area in the southeastern part of the State, known as
“Coteau des Prairies,” rises about 500 feet above the remainder of
southern Minnesota and extends westward into the Dakotas. The
highest part of southern Minnesota, exclusive of the coteau, or divide,
just described, lies in the southeastern part of the State, in Mower
County, where the rocks are bowed into a flat dome, the apex of which
reaches an elevation of 1,400 feet above the sea. This dome has an
exceedingly gentle slope, but it constitutes a very important feature
of the topography of the southern part of the State. Where streams
have cut channels on the eastern slope of this upland as they flowed
to Mississippi River they have formed deep gorges with precipitous
walls. Along the Minnesota River valley rounded rock masses out-
crop at many places. In the southeastern part of the State the
glacial drift is- very thin or absent, and rock outcrops are more
common. The harder rocks find topographjc expression in flat-
topped mounds, although most of the surface is covered by a veneer
of dustlike clay or loess whose thickness ranges from 1 to 12 feet or
more and averages about 5 feet. This loess tends to smooth over
any small irregularities of the surface. It reaches its maximum
thickness in stream valleys and depressions and it is thin or absent
on higher knolls and rolling prairies.

Northern Minnesota has a more varied topography Its north-
western part, which was once covered by glacial Lake Agassiz, is as
flat as a floor except for a series of low gravel ridges that represent
former beaches of the lake. Its north-central and northeastern
parts are more undulating and contain many hilly belts or glacial
moraines. In the southern part of Otter Tail County three morainic
* belts converge to form what are known as the Leaf Hills, which rise -
250 to 300 feet above the general elevation of the surroundmg land.
In the extreme northeastern part of the State the topography is
rather rough and the highest point in the State is found. Here
several low ‘“mountain ranges’” of pre-Cambrian rock, trending
approximately N. 70° E., rise about 1,800 feet above the sea.

The principal drainage system is that of Mississippi River and its
intricate net of tributaries, but in the northwestern part of Minne-
sota Red River of the North is the main drainage line, and in the
northeastern part a considerable area is drained to Lake Superior.

GEOLOGY OF THE BUILDING STONES.

The rocks of all the great geologic periods from the earliest Archean
granites and schists to Recent alluvium are represented in Minnesota.
The columnar section given in Plate IV shows the principal forma-
tions, in order of age, with the oldest formations at the bottom.
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BULLETIN 663 PLATE IV

APPROXIMATE
ErA. SYggil‘IiE Anp FORMATION. SECTION. %‘ﬁgﬁgﬁg CHARACTER OF STRATA. VALUE ¥OR BUILDING STONE.
: (FEET),
Recent. Lake and river silt. No building stone.
§ g Pleistocens. 6004 Glacial drift and loess. Glacial houlders; used chiefly for rough wall stone.
&
§ Benton shale. Clays and shales.
%‘ Cretaceous. = — — ] 550 Of no value as building material.
Sandstones and in a few places
= Dakota sandstone. limestons.
Devonian, 100 Sandstones and sandy limestones. | Quarried in Mower, Fillmore, and Faribault counties.
Maquoketa shale. 100 Shales and limestones. Of no value for building.
Galena limestone. . s .
B e e 230 Shales and limestones. Quarried in Hennepin, Dalkota, and someof the southeastern counties.
Platteville limestone,
Ordovician. St. Peter sandstone. 200 Sandstone with a little shale. “Poo friable to be of value for building.
Shakopee dolomite. 100 Sandy dolomite. Some available building stone in Scott and Washington counties.
§ Oneota dolomite. 200 Buff to reddish dolomite. Furnishes most of the limestones and marbles quarried in southeastern Minnesota.
=
(=] .
% Jordan sandstone. 200 ‘White to brown sandstone. Too friable to be of value except a little quarried in Chisago and Scott counties.
~
St. Lawrence formation. 200 Bgﬁ dggﬁg&g e\.wth green shale | A little dolomite in Scott County.
Cambrian. Franconia sandstone. 100 ‘White sandstone and green sand. | Too friable to be of value for building.
Dresbach sandstone’ and Whitesandstone with interbedded | For the most pa; i i
. rt very friable; has b g i i
g;llil(fsréglllxég shales and 450 shales and limestones. County. b ¥ ; has been quarried only near Dresbach, in ‘Winona
Red clastic series of south- Red sandstones and shales, shaly | The so-called “Kettle River” sandstone (known locally Jas Hinckley sandst f
Algonkian (?). castern Minnesota and 2950 layors especially abundant uear | Pine County, and the gandstones near.( Duluth,, in S%.lLoujs Coun}Eyh (Illjo?:ho 1113(;)08-
gﬁgbzgﬁ ggggén%gmérﬁz- )y the base. : ably contemporaneous with the red clastic series), afford valuable building material.
north. .
Conglomerate and san ]
4 ]’ t%ne. erate 5 500 Conglomerate and sandstone. Of little value for building.
2l
2
8
£ e : .
g ) The granites of central Minnesota, notably those of Stearns, Benton, and Sherburne
b4 Eruptives. EARE Unknown. Granites, gabbros, and diabages. counties, furnish superior building and ornamental stones, The gabbros and
. { 73 -/Qk diabases’ of Lake, St. Louis, and Chisago countiies are utilized for road material,
PR concrete aggregate, and riprap.
. AR
v> ‘: V< Ad7Vva B
srleasa >y
fas .. . % N Y AN
Acidicand basicintrusives. Unknown, Of little value for building.
,a':
g
tn
b1
o NP The Virginia slat € i 1
g Virginia and other slates. 3,004 Slates. maynl')ge ui :,e dsf‘:)rer&aﬁsn ;o value as building material. The slates of Carlton County
3
g
k2]
o
8
2
2]
jo)
Biwabik and Gunflint for- u i '
mations. 800 l%%%%tgﬁdi;%’imo;& .ferr UBINOUS | 01 no value as building material.
.g
Pokegama tzite. o Quartzite, quartz slate, and con- | The Pokegama quartzite of St. Louis County and the possibly contemporaneous Si
g g quartzite 00 glomera.’te. ’ quartzite of Nicollet, Pipestone, and Rock c¢ounties are used%hietly toL;' crus%)étls stlc?lllléc.
< Mt
X s N\ s . B
GiantsRangoandothorin- |1\ 2R, 77 & Gray and pink granite, granito
rusive granites, granite |1~ N/ s~ . porphyry” dolerites, and lam- | The Giants B it st. Louds tords fai it N
porphyry, and dolerites. N/ % ,\\l/ U Unknown prophyres. 4 s Range granite of St. Louis County affords fair building material.
5‘ A1 \\/\I/\: \
;
jast
1
<
3
[S]
2
2
[~3
b
~
o
]
g
(=]
o=}
D
3 X -
ke 8
2 a1 S Qedad . . s .
[ ate, graywacke,and con- '-S0 g 570 5,000 Green to gray slates, graywackes, | Oflittle value as building material.
g glomerate, e R Y-] and conglomerates.
o et ’
H ) ’
Residual clay. White residual clay.
I INTATY T
\7__\717\/ L’ \7
SNV WA
R A / N
3 N 1N /N -
St
’g = \f’n\l’\’ '| Unknown Great { granite northwest of L
g Granites, gneisses d S ~\~ * Granites and porphyries in part reat masses of granite northwest of Lake Superior are mostly inaccessible. The
H porph}irie%. 63, an 7 _'_ : / /’ W < ‘\ /' gltered tosch%stg. J! P grz_mltgs of N_Imnesota River Y&lley from Big Stone Iake to New Ulm have been used
2 // RCNPIAN for buildings and monuments.
“~ AN -
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/\I,\/ VIR
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i /= \ >~
g NN N7y
Nt ]
< Soudan formation. kf\_’\f\/\v\/\: Banded cherts and red jaspers. Of little value as building material.
o~ e |
F e
5’ ¥ x X X X X
E x * % x % %L Unknown
g X X X % LI :
g Schist c
chists and porphyries |x R K] Greenstones, green schists, por- | Oflittle value as building materie!.
{zgzd Ely and other green- |===o— 'x‘/x‘; phyries and fomore
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ARCHEAN.

The Keewatin was a period of great volcanic activity, during which
lava flows, both subaqueous and subaerial, were poured out. Small
amounts of sediments were deposited, especially near the close of the
Keewatin. The volcanic rocks of this period are mainly basalts but
include also some slate, jaspilite, and dolomite. The rocks that -
underlie these lavas are not known. The basalts over much of the
area have been profoundly metamorphosed and converted into
so-called green schists, which now crop out in much of the northern
part of Minnesota. The gneisses of the southwest and central part
may be of the same or nearly the same age.

In Laurentian time siliceous granitoid and gneissic masses were
intruded into the Keewatin rocks, mostly &s great batholiths., Their
relation to the Keewatin is complex, some outcrops indicating that
the granite magma may have stoped and absorbed parts of the basic
rock. The Laurentian crops out prominently in two areas, in one of
which, northwest of Lake Superior, there are enormous masses of
gramte and gneiss, which, on account of poor transportation facilities,
are now unavailable for use as building stone. Another Laurentmn
area is in southwest Minnesota along Minnesota River: valley from
Big Stone Lake to New Ulm. This area has been correlated less
certainly with the Archean. :

ALGONKIAN.

Contrasted with the Archean the Algonkian was a period of sedi-
mentation, though at times in that period igneous activity was pro-
nounced. Two series of Algonkian rocks, each of considerable thick-
ness, are recognized in Minnesota, the lower the Huronian and the
upper the Keweenawan.

The lower-middle Huronian sediments in Minnesota consist of
slates and graywackes (dark-gray sandstones containing angular
fragments of shale and other materials), with which are associated
several kinds of igneous rock. The slates, which overlie the Archean
unconformably, extend from northeastern Minnesota westward in a
belt that lies in the main south of the Archean outcrop. In the re-
gion farther west they are covered by drift and Cretaceous formations.

The upper Huronian (Animikie group) rests unconformably on the
middle Huronian. It consists of thin conglomerate and sandstone
and, above these, of the iron formation of the Mesabi Range and the
slates that overlie it. The upper Huronian is much less altered than
the earlier formations but has been invaded and in central Minnesota
somewhat metamorphosed by large intrusive igneous masses, most
of which are probably Keweenawan. The quartzite near New Ulm,
Pipestone and Luverne may belong to this group.
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The Keweenawan consists of conglomerates, sandstones, and shales,
interbedded with flows of diabase and other igneous rocks. The
sediments are relatively thin, and most of them, from their red color,
poorly sorted materials, and alternation with lava flows, may be
classed as land deposits. The middle and upper Keweenawan derived
most of their sediments from the dominantly basic Keweenawan
igneous rocks. They lie unconformably above the Huronian, but
their exact relation to the Cambrian is uncertain.

Igneous activity was pronounced in early or middle Keweenawan
times, and granites which are probably referable to this period occur
in central Minnesota. These granite intrusions were followed by
basic intrusion and extrusion.

The Lake Superior basin was developed about this time by sub-
sidence of the area now occupied by the lake, the synclinal nature of
the basin being shown by the lavas, which dip under the lake on each
side. The large area on the north shore is of special interest on
account of the great gabbro laccolith (Duluth gabbro) and the series
of flows and intrusions that are so prominent along the shore cliff.
Diabases of probably the same age extend southwestward to central
Minnesota near Little Falls, and diabase dikes that extend as far as
the Minnesota River valley are assigned to this epoch. Later
Keweenawan times were marked by sedimentation.

The red sandstones found in deep-drilled wells in the region around
Minneapolis and St. Paul are tentatively included in the Keweenawan.
The sandstones of Sandstone and Fond du Lac are probably of late
Keweenawan age, though possibly they may be early Cambrian.

PALEOZOIC.

Paleozoic rocks outcrop at several places in southeastern Minnesota
over an area comprising about one-eighth of the State. Structurally
they form a shallow synclinal basin.

CAMBRIAN.

The Cambrian rocks, consisting of shales, limestones, and sand-
stones of marine origin, rest unconformably on the earlier tilted rocks.

Dresbach sandstone and wunderlying shales and sandstones.—The
lower part of the Cambrian in Minnesota includes the Dresbach sand-
stone, of Upper Cambrian age, which outcrops near the town of
Dresbach. Thicknesses of 50 to 100 feet are shown in drilled wells
in southeastern Minnesota. At Taylors Falls the Dresbach contains
marine fossils and lies in contact with tilted Keweenawan lavas. In
‘other parts of the State it is separated from the pre-Cambrian rocks
by older sandstones and shales. '

Franconia sandstone.—The Franconia sandstone, consisting of 100
or more feet of white micaceous sandstone, with greensand at the
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base in some areas, overlies the Dresbach and is typically exposed at
Franconia, in Chisago County.

St. Lawrence formation.—Above the Franconia sandstone is the
St. Lawrence formation, 100 to 200 feet thick. It consists of a some-
what sandy and porous buff magnesian limestone and layers of green
shale and white and green sandstone. It outcrops near Judson and
St. Lawrence siding, on Minnesota River, and at many points along
the Mississippi bluffs from Red Wing to the Iowa line. .

Jordan sandstone.—Above the St. Lawrence is a white to yellow
incoherent sandstone, 75 to 200 feet thick, consisting of medium to
coarse well-rounded grains. It appears along the valleys of Min-
nesota and Mississippi rivers and a number of their tributary streams.

ORDOVICIAN.

The Ordovician rests conformably on the Cambrian. The lowest
rocks included in the Ordovician are the Prairie du Chien group,
which consists mainly of dolomites and is divided into the Oneota
dolomite below and the Shakopee dolomite above.

Oneota dolomite.—The Oneota dolomite, which is 75 to 200 feet
thick, occurs in heavy uniform beds of buff color, and is somewhat
porous in its upper part. It outcrops at Kasota and Mankato in
the Minnesota River valley and almost continuously along the Mis-
sissippi and many of its tributaries from Red Wing to the Iowa line.
Most of the limestone quarries of the State are in this formation.

Associated with the dolomite of the Oneota or the Shakopee is a
bed of white calcareous sandstone, sometimes called New Richmond,
which reaches a maximum thickness of 40 feet, though in many
places it is much thinner. It is useless as quarry rock on account of
its friability. ' :

Shakopee dolomite.—The Shakopee dolomite is similar to the
Oneota. It ranges from 25 to 75 feet in thickness, is buff in color,
fine grained, and somewhat sandy. Outcrops occur along Minne-
sota River, notably at Shakopee, and on the bluffs of Mississippi
River between St. Paul and Hastings. It is quarried at a few places
in Scott and Washington counties.

-8t. Peter sandstone.—Above these dolomites is the St. Peter sand-
stone. Itis 80 to 200 feet thick, white to yellowish in color, and con-
sists of very pure quartz in well-rounded grains. It is very friable
and is useless for structural purposes. - It outcrops along the Missis-
sippi near the Twin Cities and at many points throughout the south-
eastern counties. At its top is 3 to 6 feet of blue shale.

Platteville limestone.—The Platteville limestone, which is 12 to 30
feet thick, contains a smaller proportion of magnesium carbonate than
the undérlying Shakopee and Oneota, and is blue rather than buff in
color. OQutcrops are prominent in Minneapolis and St. Paul, where

o
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it was quarried extensively in earlier years for structural use, and it
caps many hills in the southeastern counties at some distance from
the large rivers. Numerous shaly layers, one-fourth te one inch
thick, alternate with the beds of limestone. In the southern part of
Minnesota these layers are several inches thick.

Decorah shale.—Above the 'Platteville limestone is the Decorah
shale, which has been traced through several counties southeast of

St. Paul. It has a maximum thickness of about 100 feet and an
average of about 50 feet. It is not useful as a building material
except as it is employed in the manufacture of brick.

Galena limestone.—The Galena limestone, which overlies the
Decorah shale, reaches a maximum thickness of 70 to 80 feet in Min-
nesota and is represented at only a few places. The most prominent
outcrops are in Dodge, Mower, and Fillmore counties, where it sup-
plies quarry rock of good quality. It is a somewhat sandy, buff to
bluish magnesian limestone.

Maguoketa shale.—Above the Galena limestone is the Maquoketa
shale, a dolomitic shale and sandstone having a thickness of about

100 feet.
. DEVONIAN.

After a period of erosion 50 to 100 feet of Devonian sediments were
~ deposited. These constitute the northern part of a large area that
outcrops principally in Iowa. In Minnesota the main portion of the
‘rock is limestone, interbedded with shales at the base and grading
into sandstone at the top. Small areas appear in Mower, Fillmore,
and Faribault counties, where they supply limestone for structural

purposes.
POST-DEVONIAN EROSION.

The era of erosion following the formation of Devonian rocks must
have been long and the weathering widespread and profound. No
rocks between Devonian and middle Cretaceous are represented in
Minnesota. No important diastrophic movements are indicated,
and it is not probable that the elevation above sea level was great
- nor that the topography was rugged. Archean granites and gneis-
ses, extending over many counties, are kaolinized to depths of 10 to
100 feet, and are now covered and protected by Cretaceous rocks,
which shows that the extensive weathering took place in pre-Creta-
ceous time.

MESOZOIC.
CRETACEOUS.

Cretaceous clays and sands (rarely some limestone) lie unconform-
ably over Archean, Algonkian, and Paleozoic rocks, having a maxi-
mum thickness of about 500 feet. They contain marine fossils of
Dakota or Benton age. The southwestern quarter of Minnesota is

o e~
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almost entirely covered with such sediments, which surround the
older prominent quartzite knobs, which probably represent islands in .
the Cretaceous sea. The Cretaceous beds are only partly consoli-
dated and are not suitable for structural purposes.

CENOZOIC.

PLEISTOCENE EPOCH.

Just before the glacial epoch, in Pleistocene time, the larger fea-

. tures of the topography were much the same as now. The great ice

sheets advancing over the State scoured some valleys, filled others,
and on melting left 200 to 300 feet of drift over large areas, entirely
changing the details of the topography and drainage.

Glaciation has had an important bearing on the building-stone

‘problem. The moving ice ground away the superficial decayed part

of the rock and thus simplified the problem of rock stripping in many
quarries. Glacial drainage had a similar effect in the Minnesota
River valley, where the great glacial River Warren, which drained
Lake Agassiz, cleared away all débris from the “Morton”’ and “ North
Redwood’” gneiss. Glacial drift or glacial-lake deposits have com-
pletely covered and rendered unavailable all the hard rocks of many
counties.

CRYSTALLINE ROCK_S OF MINNESOTA.
AGE AND GENERAL DISTRIBUTION.
Crystalline rocks include granites, gneisses, diorites, gabbros, and

related rocks. In geologic age they fall into two groups, the granites
and gneisses of Archean age, and the granites, diorites, gabbros, and

related rocks of Keweenawan and Huronian age.

The Archean rocks occur in two widely separated localities. They
outcrop prominently in Bigstone, Chippewa, Yellow Medicine, Ren-
ville, and Redwood counties, in the upper Minnesota River valley,
and in the northern part of the State, notably in the vicinity of the
Vermilion Range.

Crystalline rocks, probably of lower Keweenawan age, outcrop in
many parts of central Minnesota, notably in Stearns, Sherburne, Ben-
ton, Morrison, Mille Lacs, and Kanabec, with small outcrops of
doubtful age in Todd and Aitkin counties.

Granites of middle Huronian age are found in the Giants Range and
its eastward extension in St. Louis County, and gabbros and diabases
of Keweenawan age occur in St Louis, Lake, and Chisago counties.

ARCHEAN ROCKS OF MINNESOTA RIVER VALLEY.

In the upper Minnesota River valley, from New Ulm to Ortonville,
are numerous outcrops of granite and gneiss, much of which is of ex-
cellent quality for structural or ornamental purposes.
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Thousands of years ago the glacial river Warren evidently reached
such notable proportions as to cover almost the entire valley, in places
about 2 miles wide. In its passage it swept away all decayed and
weathered débris, leaving fresh rock at the surface. This extensive
erosion, which was accomplished by the immense volume of water
derived from melting ice sheets and from rainfall over an area that
may almost be termed continental, has a direct bearing on the avail-
ability of good rock in the Minnesota River valley. In the narrow
and somewhat precipitous valleys of tributary streams, such as Birch
Cooley and Redwood River, conditions are quite different. No great
volume of water has ever passed down here, and the ancient surface
is not deeply eroded. The Archean rocks, protected from glaciation
by a Cretaceous covering, are decayed almost beyond recognition, and

their abundant outcrops offer no available rock for structural or orna- -

mental purposes. Erosion, which prepared the rock for quarrying in
the Minnesota River valley by clearing away all the waste material,
failed to do similar work on tributary streams. _

Much valuable stone has been obtained from masses that outcrop
near Ortonville, North Redwood, and Morton. The ‘‘Ortonville”’
stone is a medium-grained biotite granite or granite gneiss, which has
an attractive deep-red color and takes a good polish. (See Pl. IX, C,
p. 68.) Under the microscope it is seen to consist of orthoclase,
microcline, quartz, and biotite mica. The feldspars are intergrown
as in microperthite, the quartz is abundant, and the mica appears as
scattered flakes. Near Montevideo the rock is more gneissic in tex-
ture, less uniform in grain size, and less attractive in coloring than at
Ortonville. :

Knobs and domes of biotite gneiss in the Minnesota River valley
near North Redwood supply two types of attractive and valuable
monumental and structural stone. One type is a beautiful greenish-
gray medium-grained biotite gneiss—a ‘‘sap rock,” or one that
occurs near the surface and shows change of color due to surface
alteration. The other type is a gray to pale-pink medium-grained
granite or quartz diorite, consisting chiefly of much gray to pale-pink
feldspar, some clear quartz, and small grains of black mica. Both
rocks are even grained and are exceptionally attractive. The only
imperfections observed are a few dikes of aplite (fine-grained granite).
A great quantity of high-class monumental stone is available.

Thin sections of the green granite under the microscope show the
following characters: Quartz is prominent. The feldspars are ortho-
clase and subordinate microcline. The small proportion of dark
mineral is chiefly biotite, some of it secondary as an alteration prod-
uct of hornblende, which appears in a few places as cores in the center
of the biotite grains. A few grains of magnetite are present. The

B
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rock has altered considerably to fine granular kaolinite and chlorite,
the latter giving the green color.

" The pale-pink granite is a medium-grained, even-textured biotite
granite. The feldspars are orthoclase and plagioclase in about equal
amount and a little microcline. Quartz is abundant. The only dark
minerals present are a few grains of biotite and magnetite. The red
color is due to small grains of hematite, confined chiefly to minute
cracks between mineral grains. No other alteration seems to have
taken place, the stone being exceptionally pure and fresh.

At Morton conditions are similar to those at North Redwood. The
rock occurs in a higher and larger dome, the bare rounded bluffs form-
ing a prominent landmark in the Minnesota River valley. The
“Morton’’ rock is a medium to coarse grained biotite granodiorite
gneiss. The feldspars are red, and the dark minerals occur mostly in
streaks and bands. In places the rock is porphyritic. Feldspars con-
stitute the larger share of the rock, orthoclase and plagioclase being
most abundant and microcline subordinate. Considerable quartz is
present. The chief dark’mineral is biotite, with a small amount of
hornblende and a few grains of magnetite.

The Archean rocks of the Minnesota. Valley are marred by certain
structures and textures which it is desirable to avoid in quarrying.
Some of the rocks, particularly the ““Ortonville,” contain at irregular
intervals oblongmasses 1 inch to 2 feet in diameter consisting of quartz
and large orthoclase crystals, some 2 or 3 inches across. In other
places these masses assume the form of irregular, indistinctly bounded
dikes. They evidently represent the final stage of a rock consolidate,
when the surface was solid and the lower part of the eruptive mass
still molten. Such masses are known as pegmatites. They do not,
as a rule, form lines of weakness, as the large crystals are interlocked
firmly with the swrrounding finer-grained rock. For pillars or col-
umns these areas are very attractive, as they add contrast and
variety. For monument work, however, where even-grained texture

- is demanded, they are undesirable. Even in wall rock, as observed in
the walls of a small jail behind the Bigstone County courthouse in
Ortonville, these coarse-grained patches can be regarded only as
blemishes.

Another defect consists of black knots of two types—long, irregu-
lar streaks that give the rock a gneissic texture, and oblong knots of
different sizes, the largest observed being about 2 inches in diameter.
They apparently consist almost entirely of black mica. They are not
as numerous as the pegmatite masses.

Extensive outcrops of Archean rocks occur in northern Minnesota,
but on account of their inaccessibility they have not been studied in
the preparation of this report.

" 95545°—18—Bull. 663—4



50 STRUCTURAL AND ORNAMENTAL STONES OF MINNESOTA.

" KEWEENAWAN ROCKS OF CENTRAL MINNESOTA.
ROCKS SHOWN ON THE MAPS.

Keweenawan rocks of several types occur abundantly in central
Minnesota and constitute a valuable resource. They outcrop in
many places, particularly in the neighborhood of the city of St.
Cloud.

The outcrops and quarries in the St. Cloud region are shown on
Plate I (p.14),which represents an area of about 200 square miles about
the city of St. Cloud. In the construction of this map the surveyed
section lines and corners were used as & base and the outcrops were
located with the plane table. The average magnetic declination for
the region is 8° 30" east of true north. Five types of rock—St.
Cloud red” granite, “St. Cloud gray” granite, ‘“Rockville”” granite,
gabbro, and diorite—are marked with distinguishing symbols. Large-
scale groups of active quarries, one in St. Cloud Township and the
other in Haven, are shown on Plate II (p. 16) and Plate IIT (p. 18).
Many quarries outside these areas are of equal importance but are
“too widely scattered to be included in a detail map.

GRANITES AND RELATED ROOCKS.

The rocks of greatest economic value in central Minnesota are the
granites and related rocks, which are quarried extensively in Stearns,
Benton, and Sherburne counties. Most of the region is covered
with drift, the rock appearing as low knobs or ridges, few of which rise
more than 20 to 30 feet above the surrounding fields.

PROMINENT ROCK TYPES.

. The granites quarried in the St. Cloud region are of three main
types. In trade they are known as the “St. Cloud red,” “St. Cloud
gray,” and ‘“Rockville”” granites.

‘“ST. CLOUD RED’’ GRANITE,

Throughout western St. Cloud Township, in Stearns County, the
red granite is the most abundant. In secs. 8, 17, 18, 19, and 20 the
exposures are almost entirely of red granite, and in secs. 29, 30, and
32 they are of red granite associated more or lesz intimately with gray
granite. Red granite cropsout sparingly on the east side of Mississippi
River, the largest exposure being in sec. 17, Haven Township, Sher-
burne County. Other outcrops, some of considerable size, appear
in western Benton County.

The red granite is medium to coarse grained, the feldspar crystals
- averaging about one-fourth of an inch in diameter. The chief
minerals are feldspar and quartz, with minor amounts of hornblende,
biotite, and magnetite. The feldspars (75 per cent) are mostly red
or pink with subordinate gray. Orthoclase and microcline are more
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abundant than plagioclase. They are usually intergrown with plagio-
clase and quartz, forming micrographic granites or microperthites.
. The quartz (15 to 20 per cent) occurs in coarse glassy grains, Horn-
blende and biotite together form 5 to 10 per cent of the rock. Magnet-
ite appears in minute scattered grains. An average of the analyses
of three typical “St. Cloud red” granites, analyzed by G. H. Ham-
mond,! W. W. Willard,? and F. F. Grout,® gives the following result:

Average of analyses of three typical “St. Cloud red” granites.

ST U 7117
X 13.30
T 3.52
MO e 30
07 1. 56
1 P o J 3.85
K0 i 4.33
5 64
o0 21
10 L 23
PO e .23

99. 34

The carbon dioxide (CO,) shown by thesé analyses is noteworthy.
It probably indicates the presence of calcite due to alteration of the
feldspars, and it would appear therefore that surface-weathered
specimens had been analyzed. Calcite has not been noted in thin
sections of the ““St. Cloud red” granite ordinarily quarried.

¢“ST. CLOUD GRAY’’ GRANITE.

The largest exposures of gray granite and those least associated
with other rock types in Stearns County are in secs. 21 and 28, St.
Cloud Township. Numerous exposures occur in secs. 29, 30, 32,
and 33 of the same township, but are more or less invaded or inti-
mately associated with red granite, although a number of them are of
good quality. Gray granite of commercial quality is more abundant
than red granite in Sherburne County, particularly in secs. 6 and 7,
Haven Township, in or near East St. Cloud. Scattered outcrops
appear in western Benton County. ‘

The gray granite (monzonite) is somewhat finer grained than the
red, the feldspars averaging about one-eighth to three-sixteenths of
an inch in diameter. The only minerals distinguishable in the hand
specimen are gray feldspars and black hornblende or mica and here
and there a grain of quartz. The microscope reveals, in descending

1 Specimen obtained 1,750 paces north and 500 paces west of the southeast corner of sec. 32, T. 124 N.,
R.28W. ’

2 8pecimen obtained 1,250 paces north and 1,000 paces west of the southeast corner of sec. 21, T. 125 N.,
R.28W. )

8 Analysis made in 1883, specimen obtained at  Hartman’s quarry,” 1,670 paces north and 385 paces
west of the southeast corner of sec. 29, T. 124 N., R. 28 W,
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order of abundance, orthoclase, plagioclase, hornblende, quartz,
microcline, biotite, magnetite, sphene, apatite, and zircon. In many
specimens quartz is more abundant than hornblende, but it is never
very prominent. The feldspars are rarely intergrown, as in the red
granites. The most notable difference is in the quartz, which is
never abundant and appears always to have been the last mineral to
crystallize, filling the cracks and crevices between the other crystals.
Hornblende shows intergrowth with biotite or alteration to biotite,
and in some rocks exhibits cores of augite. Sphene is almost invari-
ably present, another respect in which the gray granite differs
markedly from the red, in which sphene is absent or appears only as
very small and almost colorless grains.

An analysis of the most typical ‘St. Cloud gray’’ granite by F. F.
Grout ! shows the following composition: .

Analysis of typzcal ““St. Cloud gray” gramte

L 64. 40
A1203 ....................................................... 14.93
1% 0 SRR ... 163
T 3.13
MO i e 3.05
(0 O 4.18
X R 3.31
S 3.95
H O (above 100° C.) oo ooimy it et .15
H,0 (below 100° C.) ..ot e .07
(‘O2 ....................................................... . 18
THO g e e e e e e e e e e e e 57
/7 07
o PP .57
D e et e et e e .12
MO . i .09
521 O .05

. 100.45

The smaller proportion of quartz in the gray granite as compared
with the red is shown in the analysis by the lower percentage of
silica; the larger proportion of sphene accounts for the increase in
titanium dioxide. The ‘‘St. Cloud Red” and ‘“St. Cloud gray”
granites are shown in Plate V, 4 and C. -

““ROCKVILLE’’ GRANITE,

The third important granite is that which is quarried most abun-
. dantly at Rockville and hence is called the ‘‘Rockville” granite.
Other outerops of ‘‘Rockville” granite are in secs. 24 and 26, St.
Joseph Township, and secs. 19 and 20, St. Augusta Townshlp, Stearns
County.

1 Specimen obtained 1,500 paces north and 100 paces west of the southeast corner of sec. 28, T. 124 N.,
R.28W, . .
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The ‘“‘Rockville” granite (see Pl. XIII, B, p. 118) is much coarser
grained than the ‘‘St. Cloud red” granite, the feldspars being one-
half to three-fourths of an inch. across. It is pinkish-gray and, as
observed in hand specimens, consists of pale-pink feldspars, quartz,
and black mica. By microscopic determination the chief feldspar
is orthoclase, but considerable microcline and a little plagioclase
also appear. Quartz is abundant in large glassy grains. Small grains
of magnetite, apatite, and sphene are accessory.

A chemical analysis by F. F. Grout shows the following composition:

Analyé'is 0 f ‘“ Rockville” granite.

BH0, .+ ettt 69. 63
ALOg e 13.85
FeyOg. oo 54
FeO. . e 4.01
MBO . e e 83
07V S 2. 58
X 0 P 2.32
0 R 4.33
H,0 (above 100° €)oo oiteieie i eeeeeeeeee. .23
H,0 (below 100° C.). .. onnnn e .10
L 10 33
32X 0 T .28

99. 03

Like the ‘“St. Cloud gray” granite the ‘‘Rockville” containsg
sphene, but in its abundance of quartz and microcline and its coarse
crystallization it resembles the ‘‘St. Cloud red” granite. (See PL
V, C, p. 52.) '

PORPHYRITIC GRANITE.

Porphyritic granite has been noted in two localities in Stearns
County. In sec. 33, St. Cloud Township, about 8 rods south of
John Doerner’s quarry, it intrudes gray granite as a dike about 15
feet across, which spreads out into a larger mass. The contact is
sharp; and near the gray rock, where cooling was ra,pld a fine-
grained granite porphyry resulted while at a distance it is a coarse
porphyritic granite. In thin section the granite porphyry consists
of phenocrysts of quartz, orthoclase, and biotite in a fine-grained
groundmass of the same minerals. In the porphyritic granite, at
a distance from the contact, the phenocrysts are orthoclase and
quartz, with an occasional microcline crystal, and the groundmass
is of medium-grained quartz, feldspars, hornblende, and biotite.

A second outcrop of porphyritic granite in the NW. % sec. 2, St.
Cloud Township, near the west end of Sauk Rapids Bridge, shows
interesting relationships and probably represents the latest igneous

“intrusion in the St. Cloud region. For 30 yards from the south of
the exposure granite porphyry appears. It consists of a fine-grained

8
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groundmass of quartz, orthoclase, and plagioclase, with subordinate
hornblende, biotite, and magnetite, in which are embedded crystals
of quartz and orthoclase. North of this for 40 yards is a fine-grained
gray granite, consisting of gray feldspar and both biotite and horn-
blende. The dark minerals are not uniformly distributed and quartz
is not abundant. The chief feldspars are orthoclase and microcline,
with subordinate plagioclase. The rock resembles the typical ‘‘St.
Cloud gray” granite, both in mineral content and texture. The
; __ presence -of sphene, which is so char-
J‘Hm \ acteristic of the latter, completes the
IDGE similarity. The gray rock is cut by
a diabase -dike 4 inches wide, with -
trend N. 75° W., and by several red
aplite dikes. Joints are about 2 feet
apart and strike N. 10° W. North
of this for 64 yards is granite por-
phyry, bounded on the north by a
33foot diabase dike with trend N.
75° E. Joints in the porphyry strike
N. 5° E. and N. 20° W. Near the
dike the texture of the porphyritic
rock shows a notable change, the
matrix becoming a very fine grained
typical rhyolite porphyry. Not
much change is seen in the size of
the phenocrysts. Stringers of the
porphyry cross the diabase; three
from one-fourth to one-eighth of an
inch wide and clearly connected with
the porphyry were observed. The
diabase dike.is bordered on the north
side by the gray granite, which ex-
tends 5 yards farther north. From
Faure 1.—Sketch map showing relations of  bhese relationshjps it is evident that
rsfzclésl:‘ggtll}o::n Ss’;‘n‘_]: Hapids ggﬁ; %% the gray granite is the oldest of the
’ ’ three rocks, being intruded by dia-
base dikes, and the granite porphyry the youngest, for it intrudes the
diabase dikes. (See fig. 1.)

AGE OF THE GRANITES.

100 50 [¢] 100 FEET
i < =

In the absence of known contacts with rocks of determined age
the geologic age of the granite can not be accurately stated. Diabase
dikes, probably related to the great gabbro intrusion in the Lake
Superior region, cut the granite in many places As the gabbro is

Keweenawan, it is inferred that the granite is early Keweenawan or
— m
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older. No -contacts of the granite with more ancient rocks have
been observed. Numerous rock inclusions in the granite have been
studied, and the results throw a little light on the problem, though
they. are not conclusive. .A garnetiferous schist inclusion found in
the gray granite of sec. 29, St. Cloud Township, Stearns County
(pp- 60, 111), is very similar in mineral composition to schists occurring
near Little Falls, about 30 miles north. The latter are described as
upper Huronian, and thus the petrographic evidence suggests that
the granite is post-Huronian—that is, early Keweenawan.

At some places in the St. Cloud region large areas of red granite
and gray granite occur without contact with each other, but at other
places the two types are in intimate contact that affords a means of
judging their relative ages. Many outcrops show clearly that the

red granite is younger than the gray.
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FIGURE 2.—Sketch showing relation ofred granite and gray granite at the center of the west side of sec. 29,
St. Cloud Township, Minn. ’

At the center of the west side of sec. 29, St. Cloud Township, the
red granite is clearly younger, as it forms dikes and stringers in the
gray granite. (Seefig.2and P1. VII, B.) Another place where the re-
lations of the rocks are clearly shown is at an exposure whose center is
222 rods north and 78 rods west of the southeast corner of sec. 29, St.
Cloud Township. The rock in the eastern part of this exposure is a
medium-grained red granite, and that in the western partis a gray gran-
ite. Near the contact the texture of the red granite becomes finer.
Numerous fine red dikes pass from the red area into the gray. At one
point an inclusion of biotite schist occurs in the gray rock, and both
the schist and gray granite are cut by a red granite dike. (See fig. 3.)
The inclusion may be a fragment of the upper Huronian schist, such
as occurs near Little Falls.
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In the Monarch Granite Co.’s quarry, in sec. 8, St. Cloud Township,
an interval evidently elapsed between the times of the solidification
of the two magmas. After the
gray granite magma became firm
enough to be shattered it was'in-
truded by dikes of white aplite
(fine-grained granite). As the
red -granite is not cut by the
white aplite it was evidently in-
. jected later. Considerable time
was no doubt required for the
solidification of the gray granite
magma and for the injection and
solidification of the aplite dikes.

At the west end of an exposure

Fiounz 3.—Sketch showing relations of rocks in out-  WHoOSe center lies about 300 rods
crop 222 rods north and 78 rods west of the southeast noi-th and 96 rods west of the
corner of sec. 29, St. Cloud Township, Minn,

southeast corner of sec. 32, St.
Cloud Township, the red and the gray granite are in contact. As
" observed in an abandoned quarry-the line of contact is gradational
over a space of several inches and the two rocks are evidently nearly
contemporaneous. Dikes of the red, however, occur in the gray at
several places, and the converse is nowhere seen, the relation indicat-
ing the later in- :
trusion of the
red granite.
Near the cen-
ter of the north
line of sec.

21, St. Cloud

Township, an

outcrop di-

vides into two
ridges, the
eastern end of
each being of
red granite and

the remainder Figyre 4.—Sketch showing relations of rocks in outerop at the center of
Of gray granjte. the north side of sec. 21, St. Cloud Township, Minn.

In the southern ridge a 10-foot dike of red granite in the gray, traced
to its source, is found to connect definitely with the larger mass of red
granite. It trends N. 80° W. through the gray rock and disappears
beneath the drift at the eastern side of the outcrop. A number of

50 0 50 . 100 FEET
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smaller red dikes are present. The large d1ke and most of the small
dikes follow the direction of major jointing in the gray rock (N. 80° W.).
A 6-foot diabase dike, striking N. 50° E., and a 5-foot dike striking
N. 40° E., cut both red and gray rock. (See fig. 4.)

In an outcrop at the center of the north line of sec. 32, St. Cloud
Township, several red granite dikes injected into gray granite follow
the direction of the major joints in the gray rock, indicating that
jointing systems were developed-before the injection of red magma.

In most places, however, the contacts are gradational, the one
rock merging into the other as though nearly contemporaneous. The
same relationship of red to gray granite exists in Morrison County.

. ' ROCK DEFECTS.

Occurrence and character—The defects observed in the ““St. Cloud ”
granites at different places are more fully discussed on pages 75-136.
This is done not with any intent to give undue prominence to these
imperfections but in order to explain their origin and the nature
of their occurrence and if possible to formulate rules that may atd
the quarryman in obtaining rock free from blemish. The occurrence
of defects does not prevent the production of excellent stone, as is
proved by the nation-wide reputation of “St. Cloud” granites, but
it does increase the expense of quarrying.

The interpretation of defects is a matter of considerable difficulty,
. for the evidence in many places is meager and much of it is not
understood. Nevertheless, a few general principles may serve in
some measure to guide prospective quarrymen.

The chief defects which the quarryman should endeavor to avoid
are mixtures of red and gray granite, trap dikes, aplites, hair lines,
black knots, irregular and close jointings, and surface alterations.

Mixtures of red granite and gray granite.—Considerable areas of red
and of gray are found, each of them comparatively free of the other,
but in many places the types are greatly mixed, and one can never be
sure that he will not find inclosed masses of gray rock in ared quarry
and dikes and intruded masses of red granite in a gray quarry. If the
stripped outcrop is of sufficient size to permit fairly extensive observa-
tion the presence or absence of dikes or masses of foreign material at
the surface will fairly indicate what must be expected at depth. In
this connection one fact is worthy of note: Near the surface of each of
at least eight different red quarries, some of them several miles apart,
a mass of gray granite 15, 20, or even 50 feet across, but nowhere more
than 10 to 20 feet deep, was observed. Most of these masses contain
more quartz than the larger areas of gray granite and in other
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respects also are of somewhat different type. They may be masses
of the typical gray granite, modified by diffusion of material from
the moresiliceous red granite. They are usually lacking in uniformity
and useless as quarry rock. ’

It is undesirable to attempt quarrying near known contacts of
the red with the gray, for in many places the gray granite is cut by
numerous dikes of the red, and the red is inclined to show uneven
texture, pegmatitic areas, and inclosed masses of gray granite.
Also the shattered nature of the rock near the contact results at
many places in the presence of fine quartz veins filling cracks.

Study of the map (Pl. I) will indicate in a general way the type

of rock to be expected
:"’,

n in @ given area. For

example, sec. 29, St.
Cloud Township, con-
tains numerous out-
crops of both red and
gray granite but no
considerable area of
the one without more
or less of the other.
Such irregular distri-
bution is unpromising;
mixed types prevail,
dikes and inclusions
are common, and the
texture lacks uniform-
ity.

Diabase or trap

FlquRs 5.—Strikeof disbese dlkesin the &t Clond region, F¢S.—Diabasedikes

are common through-

out the region. They range in width from a small fraction of an inch

to 4, 6, or even 8 feet. It is noteworthy! that the dikes observed in

.the St. Cloud region (see fig. 5) point in general toward the Duluth
region the center of Keweenawan igneous activity.

‘The contact effect of the diabase on the granite is slight, altering
it to a depth of 1 to 2 inches only from the contact, but the dikes are
disadvantageous because of the waste of time and labor required to
remove them, because of the waste of the granite penetrated by the
smaller dikes, and because of the presence of incipient fractures
which commonly accompany the formation of the larger dike-filled
fissures. It has been observed at several places that the rock near
dike contacts is somewhat unsound, but several good quarries close

. 1Q@rout, F. F., unpublished manuscript on the granites of Stearns County, Minn..
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to dikes have been noted. Where unsound rock borders on dikes
it is evident that the shattering which formed the open fractures
undoubtedly formed at the same time numerous fine cracks which
seriously mar the strength and appearance of the rock near by.
Some of the minor fractures are also filled with diabase and are
known among quarrymen as ‘hair lines,” though not all hair lines
are of this origin. Some of those that are closely associated with the
dikes contain the same minerals as the diabase; others contain only
alteration products of these minerals, such as epidote and chlorite,
but preserve the diabasic texture. However, some quarries close to
dikes show no hair lines. Their presence can best be determined by
a careful scrutiny of the stripped surface, preferably on a rainy day.
Aplites—Dikes of
aplite (fine-grained
granite) are common,
.especially in the East
St. Cloud gray granite
quarries, and their
presence results in an
undesirable amount of
waste rock. In the /
. red granite they are w E
lesscommon. Anote-
"worthy characteristic
is the prevailing red
color of the aplites
that occurinred gran-
. ite, and the gray color
of those in gray gran-
ite; apparently they

N
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are later intrusions of FIGURE 6.—Strike of aplite dikes in the St. Cloud region.
the magma that

formed the rock in which they occur. Lack of system—that is, great
divergence in trend among the aplites (see fig. 6), is an additional fact
which sustains this hypothesis. At many places they.are so irregular
that no attempt was made. to record their direction. .
" Hair lines.—The term ‘‘hair lines” is applied to all fine lines of dis-
coloration, whether black or green. Some hair lines are dikes; some
of them are minute quartz veins, which appear black if the quartz is
dark or ‘‘smoky.” Such veins are most common near the contacts
of two rock types where movement or shattering has taken place.
Hair lines of green color are very common. These are epidote
veinlets, many of them following joints, in which case they are not
serious. Others follow no definite direction but wander irregularly
throughout the rock mass and mar much of the stone. Green lines
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occur in many places in parallel or interlacing groups, probably be-
cause rock shattering follows zones rather than single lines, and epi-
dote has filled the minute fractures. As a rule they run east and
west and are more common near the surface than deep down in
quarries. Plate VI, B, shows the hair lines as they appear on the rock
surface.

Black knots.—‘Black knots,” when in the gray granite, constitute
its most serious blemish. Some of them are segregations—gathering
together in spots of the dark minerals during the process of cooling
and solidification. Others are inclosed fragments caught up by the
molten gray rock and held within it until the whole mass solidifies.
Most of these fragments are somewhat angular in shape and consist
of material different from the rock in which they are inclosed.- The
most common are’ inclusions of
gray granite in the red, the con-
verse having never been ob-
served. Such inclusions are
serious blemishes in the red
granite and are naturally of
more frequent occurrence near
contacts of the gray and the
red rocks.

Inclusions of foreign material
picked up by the molten rock
have been noted in several
places. One, which occurs in a
FIGURE 7.—Inclusion of garnetiferous mica schist in 2T anite outer op about 200 rods

o e i ot S5 rentin nonth and 224 rods west of the
southeast section corner of sec.
29, St. Cloud Township, is an irregular fragment (see fig. 7) a foot
long and 5 inches thick, of a finely laminated biotite schist, con-
taining many large and small garnets, some of which are half an
inch across. Under the microscope dynamic action is apparent in
the granular nature of the quartz and the presence of many
parallel cracks. The schist consists of biotite, hornblende, hypers-
thene, and garnet, and a few grains of plagioclase and magnetite.
It resembles the garnetiferous schists which occur in the Mississippi
River valley, about 30 miles to the north. An inclysion of fine-grained
diabase containing much magnetite was also observed.

Garnetiferous norite (a variety of gabbro) inclusions have also
been noted. An inclusion of biotite schist in gray granite is shown
in figure 2 (p. 55). '

Both the origin and distribution of segregations are difficult to ex-
plain. No general conclusion has been reached regarding their occur-
rence, and their presence or absence in any locality is a matter of
mere speculation.

2 1 jroot




U. 8. GEOLOGICAL SURVEY BULLETIN 663 PLATE VI

A. GRAY GRANITE SPLIT ALONG THE RIFT, ROBERT GRAHAM'S B. HAIR LINES AS THEY APPEAR ON THE GRANITE SURFACE.
QUARRY, ST. CLOUD TOWNSHIP, STEARNS COUNTY, MINN,




U. 8. GEOLOGICAL SURVEY BULLETIN 663 PLATE \II

A. EVEN SURFACE MEASURING 12 BY 15 FEET OBTAINED BY A SINGLE BLAST IN A
3-FOOT REAMED DRILL HOLE, ANDERSON GRANITE CO.'S QUARRY, MORTON, MINN.
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B. DIKES OF RED GRANITE CUTTING GRAY GRANITE IN SEC. 29, ST. CLOUD
TOWNSHIP, MINN.
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As knots of the inclusion type occur more commonly near contacts,
by avoiding known contacts one may hope to find fewer knots. On
the other hand, knots of the segregation type, so far as may be inferred
from evidence in Minnesota quarries, are liable to occur anywhere.
Hence an interpretation of the origin of knots is a matter of some
importance. A specific example will illustrate the method of inter-
pretation. :

In the “Mora” granite knots of the two types occur. The one
consists of orthoclase, plagioclase, quartz, and biotite, the same min- -
erals that occur in the surrounding rock, though the proportion is
different, biotite being in excess. These minerals show the same
peculiarities as corresponding minerals in the main rock mass; for
example, the biotite contains apatite and zircon inclusions (the zircon
having pleochroic halos), a condition characteristic of the ‘‘Mora” °
granite. Such knots are segregations. The other type of knot con-
sists of quartz and biotite, with no feldspar. - The mica flakes show
parallel orientation and do not exhibit apatite or zircon inclusions.
The minerals have different characteristics from corresponding min-
erals in the surrounding rock mass, and the knots are probably
inclusions of biotite schist. The shape of many knots is indicative
of their origin, angular knots being inclusions, and ellipsoidal or
spherical knots being more probably segregations.

It is advisable for prospective quarrymen to strip the outcrop for
a considerable area, if it is not already bare, and then to examine it
very carefully, preferably on a rainy day, before spending any money
on development work or equipment. A careful scrutiny of the out-
crop surface will reveal the probable proportion of knots, hair lines,
streaks, dikes, and veins, as well as the direction and spacing of joints
in the underlying rock.

Joints.—dJoints in the ‘‘St. Cloud” granite are spaced sufficiently
far apart at most places to permit the quarrying of large blocks.
Many quarrymen regret the wide spacing of joints, as it increases
the difficulty of quarrying. If, however, joints were closely spaced
the rock would probably be decayed to a considerable depth and the
cost of its necessary removal would probably more than offset the
increased facility of quarrying. In one quarry in East St. Cloud
two joints occur 3 feet apart and the rock between them is so stained
and decayed as to make it useless to a considerable depth, this being
but one illustration of the general rule that close jointing permits
water percolation in a greater number of places and thus hastens
rock decay. .

Compass readings were taken of the direction of joints.in all the
quarries and outcrops of the region. All the results obtained for
major and secondary joints are combined in the accompanying dia-
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gram (fig. R), in which joint directions are represented as radii of
concentric circles.

It is noteworthy that most of the major joints strike north or a
little west of north, and most of those remaining, a little south of
west. On the other hand, most of the secondary joints strike a little
south of west. A feature of economic importanceis the tendency of
joint systems to run at approximately right angles. This is best
appreciated by holding the diagram at some distance from the eye,
the light and dark quadrants then appearing to better advantage.
This is a matter of first importance to quarrymen, as joints inter-
secting at acute angles result in angular blocks and consequent unde-
‘ sirable waste of both
~labor and stone.

Sheeting planes.—
Sheeting planes in gran-

ites lie parallel to the
Ll ground surface and are
\ / / consistently closer to-

_:\ \/////‘é% gether near the surface

than at depths. In
We——————t many New England
\\\\~ granite quarries sheet-
\ ing planes are more
\\\ \ closely spaced than
il joints. A remarkable
feature of the St. Cloud

region, however, is the

, scarcity, or even the en-

s ' tire absence, of sheets

FI1GURE 8.—Strike of major and secondary joints in granites of the in both red and gray
St. Cloud region, Minn, Outer circle, major joints; inner circle, granite some quarries .
)

secondary joints. ) .

A : 60 feet in depth show-
ing no sheeting planes. Where present they are almost invariably
more widely spaced than joints. Quarrymen who have worked first
in New England and later in St. Cloud describe the rock of the latter
region as ‘‘standing on end.” The scarcity or absence of sheets makes
quarrying difficult, as it is necessary to force artificial sheets by means
of “lift holes.” ,

Surface alteration.—Bare outcrops rising several feet above the
surrounding level are not desirable places on which to open quarry pits
when only monumental stone is desired. It has been found, espe-
cially in the case of red granite, that bare exposures result in deep
" weathering. In certain quarries, however, it was observed that the
depth of surface weathering is influenced by the proximity of sheeting
planes. Where no sheets occur the rock is usually weathered to a
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greater depth than where they are present. If a sheeting plane lies
4 to 8 feet below the rock surface, especially if it is inclined, the rock
above is usually greatly decomposed and that below is practically
unaltered. The open seam permits the surface water to drain away,
and the lower rock, being protected from frost and heat, is un-
fractured and offers maximum resistance to surface decomposition.
It is unfortunate in this connection that sheeting planes are so far
apart. In many quarries of red granite opened in exposed outcrops
stained “sap rock” is found to a depth of 10 to 20 feet; and in other
places, where a covering of soil has served as protection, only the upper
foot or 2 feet shows stain. Even where stains due to weathering
are invisible the rock to.a depth of 15 to 20 feet beneath bare ex-
posures may be bleached, the feldspars having lost a large part of
their attractive and desirable red color. Such rock, though suitable
for building blocks, is unsalable as monumental stone. A mantle of
2 or 3 feet of soil seems sufficient to prevent such.bleaching.

If it is desired to produce both structural building blocks and monu-
mental stone, quarries on exposed bluffs may work to advantage.
Blocks that are unstained, though faded, make excellent structural
material, and their removal is usually easy. Thus the stripping of
faded material is conducted with profit and good monumental stone
is reached in time. The bleaching and staining of exposed bluffs
have been observed in so many places that the rule may be given as
almost universal.

The gray granite, however, apparently has a more stable color,
which is not so readily affected by the elements. Bare exposures
are rarely affected to a depth of more than 3 feet.

NATURE OF THE PRODUCT.

On account of the attractive appearance and susceptibility to
polish of the red and the gray granites, both are well adapted for
ornamental structures such as monuments, spires, and columns. A
large part of their output is monumental.

The. rock is equally well adapted for building purposes, though it
has not been used as extensively in this way on account of the lack
of equipment ¢f many of the companies for handling large contracts.
However, many attractive buildings are made entirely or partly
from ‘‘St. Cloud” stone. _

One of the important minor uses of the stone is for the production
of paving blocks, of which several millions have been employed in
city street construction. They are made exclusively from the gray
granite. Crushed rock for roads and concrete is produced in several
places, and rubble is supplied for rough masonry and foundation work.
Much waste rock was supplied in past years for railroad ballast and
filling, but of late years the demand for it has been less.
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GABBROS AND DIORITES.

Certain gabbro areas occur in St. Wendall and Le Sauk townships
in Stearns County. They have been quarried but little and are not
of great economic importance. Their structural relations are, how-
ever, noteworthy. They are cut by siliceous intrusives, which in
- places are similar to the typical “St. Cloud red” granite and may be
a part of the red granite intrusion. If they are part of this mass, the
gabbro intrusion antedates that of the red granite. Evidently this
gabbro is not related in age to the diabase dikes which cut the granites
of St. Cloud Township. The presence of red granite dikes in the
gabbro, and the absence of diabase dikes in the vicinity, indicate
that basic intrusives in the St. Cloud region are of two periods.

In Watab Township, Benton County, extensive and prominent
outcrops of dark diorite have been quarried in a few places.

TECHNOLOGY.

- QUARRY METHODS.

Stripping.—The gravel, sand, or clay which overlies a rock deposit
may be removed in several ways. It is doubtful if any.granite
quarries in Minnesota are extensive enough to justify the use of a
steam shovel. On level or moderately inclined surfaces stripping
may be done with teams and scrapers. On less accessible surfaces
the soil is loaded into boxes and removed with the quarry derrick.
It is imperative that the overburden be removed to a sufficient dis-
tance to insure that it will not impede present or future opera-
tions, and it may be necessary to load it on small cars for farther

removal.

Plan of operation.—The positions of all joints, hair hnes, knots,
or other imperfections should be carefully noted and the most favor-
able location selected for the quarry opening. The walls of the
excavation should be made to conform in direction with the more
prominent structures, such as joints, hair lines, or rift. By taking
such precautions the number of angular blocks and of blocks marred
by diagonal hair lines may be reduced to a minimum.

The ordinary method of procedure is first to blast-out a hole to
got a quarry face or bench. Drill holes are then placed some dis-
tance back from the face and masses of rock broken loose by powder
shots. If a sheeting plane provides a floor opening, quarrying is
easier and less wasteful. If sheeting planes are absent -artificial
ones must be produced by blasts in horizontal “lift holes.” The
larger masses are reduced to convenient sizes by wedging in drill
holes.

The shape of the opening is governed by quarry conditions. If
stripping is heavy it may be advisable to excavate a small area to
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considerable depth. In some deposits too the quality of the rock
improves with depth. In most quarries the cost of removing strip-
ping and inferior surface rock is so high that wide and shallow quar-
ries are not justified. On the other hand, the high cost of hoisting
will probably discourage quarrying to depths greater than 80 or 90
. feet. The quarryman should endeavor to attain a proper balance
between stripping cost and hoisting cost and at the same time obtain
a maximum supply of high-grade rock.

Drilling.—In most Minnesota quarries drills are steam drlven In
some quarries, few but increasing, compressed air is used. The first
cost of compressed-air equipment is higher than that of steam, but
it is generally considered to be more convenient and economical.

Blasting.—The Knox system of blasting is commonly employed
in the granite quarries of Minnesota. It involves the use of a reamer
or flanged tool which, when driven into the drill hole, cuts grooves
about one-fourth of an inch in depth on opposite sides of the hole.
Care is taken to cut the grooves exactly in line with the desired direc-
tion of splitting. A plug of cotton or other material is placed in the
hole some distance above the powder charge and the hole is tamped
above the plug. The air space above the charge permits the explosive
force of the powder to be distributed over a comparatively wide
surface and the grooves promote straight splitting. The explosion
is more effective by. the Knox system than otherwise, and smaller
charges may be used, resulting in a smaller proportion of waste by
‘shattering.

The effectiveness of the method is well illustrated in a ‘“Morton”
gneiss quarry, in which a plane even rock surface 15 by 12 feet was
obtained by means of a single reamed drill hole only 3 feet deep.
(See P1.VII, 4). Many years ago in the same quarry the Saulpaugh
Co., in order to make an even break of the same magnitude, pro-
jected five unreamed drill holes 8 feet deep. Single holes are usually
fired by fuse. If more than one hole is required for a single fracture
an electric firing machine is used to give a simultaneous discharge.

Wedging.—The large blocks separated from the quarry ledge by
blasting are reduced in size by the ‘‘plug and feather” method.
Shallow holes are drilled in rows a few inches to several feet apart,
the distance depending on the ease with which the rock splits. In
+ crystalline rocks the necessary holes are made by hand drills in the
smaller quarries and by compressed-air plug drills in those better
equipped. In each of the holes is placed two half-round steel plugs
with an iron wedge between them. By driving in the wedges a
fracture is formed. If the holes are so placed that splitting may be
done in directions of rift and run straight and even breaks are ob-
tained with greater ease than if these directions are disregarded.
Wedging may also be employed to remove the larger irregularities

95545°—18—Bull. 663—>5
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from the blocks, the final trimming being accomplished with a hand
hammer and tool.

Hoisting.—The common type of derrick consists of a vertical mast,
commonly of wood, held in place by steel cables. The swinging
boom is commonly of wood also. Steel derricks are used in a few

quarries. Hoisting is accomplished by horse, steam, or electricity..
Additional yard derricks are used at some quarries for loading.

Finishing.—Cutting and polishing shops are located close to a
few quarries, but most of them are at St. Cloud or near-by towns.
The cutting, polishing, and carving of granite into monuments is an
important industry, which employs several hundred men. A com-
plete list of the finishing plants is given on page 218.

Blocks of the sizes desired for monuments are first placed beneath
a surfacing machine, which removes the larger irregularities from the
surface. Most machines are operated by compressed air. A bar
which holds a tool having blunt projections strikes the rock surface
rapid blows and chips off fragments of rock.

Eight or ten surfaced blocks are placed on a timber bed with their
upper surfaces on an even plane. The entire group of blocks is
surrounded by a wooden box, the bottom of which is a little lower than
the rock surface. All cracks in the box and between the blocks ‘are
filled with plaster of Paris. Coarse steel shot is placed on the
rock and a stream of water directed upon the.surface. A revolving
head driven by machinery is guided over the surface and grinds it
down. Different sizes of shot are employed, and finally the surface
is thoroughly cleaned and then polished with ¢ putty powder,”” which
is usually tin oxide. An expenenced polisher can completely polish
a bed of 60 to 100 square feet in a 10-hour day.

Carving and lettering are done with hand tools driven by a hammer
or operated by compressed air,

" Some shops are equipped with turning lathes for turning down
and :polishing granite columns.

Two very large lathes are operated in the Rockville Granite Co.’s
shops in Rockville. As the column rotates small steel cutting disks
set at angles of about 45° to the axis of the lathe trim down the
column to desired evenness and uniformity. (See Pl. VIII, 4.)
For polishing, the column (See Pl. VIII, B) is rotated and the abra-
sive held against it. - Chilled steel shot is used as a coarse abrasive, -
then corundum and emery powder, and finally tin oxide. The pads
consist of wooden blocks curved to fit the column and lined with felt
or other soft texture.

Rock transportation.—All the gramte quarries of Stearns County
are.2% to 5 miles from St. Cloud, where most of the shops are situ-
ated. A number of the quarries in Benton and Sherburne counties
are also some distance from the finishing plants. On this account
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transportation of rock from quarry to shop is an item of considerable
expense. Railway sidings (see Pls. IT and IIT) reach most of the
quarries, but some haul their rock with teams and wagons.

WASTE.

It is remarkable that so little of the waste rock in the region is
used for crushing. G. J. Hilder & Son, the State reformatory, and
the Sauk Rapids Granite Co. have the only crushers. The Hilders
manufacture paving blocks, and the small chips resulting are easy
to crush. Discarded blocks from monumental stone workings are
large and unwieldy and require so much labor to reduce them to
convenient size that the operation is generally regarded as unprofit-
able. Some of the waste material is sold for rubble, but most of
it is unused. The disposal of waste material is & problem still await-
ing solution in the St. Cloud region. The expense of excavating and
handling inferior rock is great, and the heaps of discarded blocks in
many places cover up rock which might otherwise be quarried to
advantage. Many of the blocks marred only by small black knots
or inconspicuous hair lines could be utilized for building if the quar-
ries and shops were provided with suitable equipment for dressing
and handling them and sufficient capital to handle building contracts.
The enlargement of operations to include production of both monu-
mental and building stone from the same quarrles may at least
partly solve the problem.

ECONOMIC CONDITIONS.

Both the red and the gray granites are beautiful in appearance
and are in great demand. They are well known throughout the
country and to some extent in Canada and Mexico. Approximately
95 per cent of the total output of monumental stone is sold beyond
the borders of Minnesota, & condition which reflects credit on the
industry and points to prosperity and continued expansion. Most
of the companies, however, are small and have moderate facilities,
few being qualified to bid on large contracts. The organization of
larger companies would result in a more rapid development of the
industry. .
Market price of “St. Cloud” gramite in 1913.

Gray base stock, per cubicfoot.......... ... ...l $0.80
Gray die or polish stock, per cubic foot. .. . .... A 1.25
Red base stock, per cubicfoot............. ... .. ... 1.00
Red die or polish stock, per cubic foot. . B, 1.25
Paving blocks, per thousand f.0.b. .. ... ..o .iiiL.. 76. 50

Rubble, per cubic yard.........cooiiiiiiiiiiiiiiiaaa. 0. 60-0. 70
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GRANITES.

GRANITES AND GNEISSES OF ARCHEAN AGE IN THE MINNESOTA
RIVER VALLEY.

. BIG STONE COUNTY.

DISTRIBUTION AND CHARACTER OF THE ROCKS.
. o

Available rock in Big Stone County is found only in the Minnesota
River valley from Ortonville southeastward to the neighborhood of
Odessa and Correll. Near Ortonville there are numerous outcrops,
some of which rise 30 or 40 feet above the general level of the val-
ley. Two large quarries have been operated here—one by the Con-
solidated Granite Co. and the other by the Aberdeen Granite Co.
Other smaller quarries are the Union, now owned by the Consoli-
dated Granite Co.; a quarry owned by F. L. Clff; the St. Paul
quarry, which has not been operated for a number of years; and the
Light quarry, now owned by the Aberdeen Granite Co.

No stone is at present quarried in Big Stone County. Robert
Hunter operates a polishing shop in Ortonville, employing two cut-
ters, but all the stock used is shipped from a quarry in South Dakota,
not far from Milbank.

The ““Ortonville’’ stone is a biotite granite or granite gneiss. At
Ortonville, as at North Redwood, the gneissic texture is not nearly so
pronounced as at Montevideo and other points on the lower Min-
nesota River valley. The rock is deep red in color, takes an excellent
polish, and is one of the most attractive stones in the State. (See
Pl. IX, 0). For a microscopic description of the rock see page 48.

The “Ortonville’’ stone has certain defects which must be avoided
as far as possible in quarry operations. The chief of these are peg-
matite masses, black knots, and close jointing.

The pegmatite masses consist of coarsely crystallized feldspars and
quartz which appear in streaks or knots. They give ‘the rock an
uneven texture which destroys.its attractiveness for many purposes.

The black knots are masses of dark minerals, either hornblende,
black mica, or a mixture of the two, which mar the surface like blots

‘on a sheet of paper.

The joints in many places are only a few inches apart, and are com-
monly irregular and meet at sharp angles, but in the better material
they are 3 to 8 feet apart and intersect approximately at right angles.
The close spacing of the joints accounts for most of the waste material
lying in heaps beside the quarry pits.

In quarrying it has proved possible to avoid the defective material,
and much rock of good quality in large blocks has been quarried near
Ortonville. Four large columns of ‘Ortonville”” stone occupy promi-
nent positions in the State Capitol Building at St. Paul.
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Under crushing tests “ Ortonville”” granite cracked under a pressure
of 12,772 pounds per square inch and collapsed under 23,722 pounds.
Under transverse stress its modulus of rupture proved to be 3,098.2
pounds per square inch.

CONSOLIDATED GRANITE CO. QUARRY.

The Consolidated Granite Co.’s quarry is about 14 miles from
Ortonville, in sec. 22, T. 121 N., R. 46 W. Work began in 1898, and
for some years one ledge supplied very large blocks of excellent
quality for monument manufacture. Sufficient stone was quarried
at one time to keep busy a polishing shop in Ortonville that operated
three polishing machines and employed twelve cutters. Later it
became more difficult to obtain blocks of such quality, and the
industry was directed toward the production of crushed stone, great
quantities of which were used for road material. For this purpose
a large and well-equipped crushing plant was erected at a cost of
about $30,000. It has not operated since 1911. A small amount of
rubble was also produced.

Quarry conditions are fair. The rock rises in a bluff about 30 feet
above the general drainage level and outcrops over an area of about
2 acres, with other outcrops in the vicinity. The top of the bluff
is bare of soil, requiring only the removal of about 4 feet of partly
decayed rock. The Chicago, Milwaukee & St. Paul Railway tracks
are about three-fourths of a mile distant. '

ABERDEEN GRANITE CO. QUARRY.

The Aberdeen Granite Co.’s quarry is in secs. 15 and 16, T. 121 N,
R. 46 W., about three-fourths of a mile from Ortonville and one-
third of a mile from the Chicago, Milwaukee & St. Paul Railway tracks.
It was formerly known as the Baxter quarry. Great masses of struc- .
‘tural rock were excavated here and shipped to distant points. The
Hennepin County courthouse, in Minneapolis, was built of rock from
this quarry. The rock is similar in texture, color, and defects to that
just described. The quarry has not been worked for several years.

CHIPPEWA COUNTY.

Exposures of Archean granite and gneiss in Chippewa County are
confined to the valley of Minnesota River. Outcrops are numerous
for several miles along the valley near Montevideo and also near
Granite Falls, whence they extend almost continuously to Minnesota
Falls, at the southeastern extremity of the county. All the outcrops
are of red granite, except at Montevideo, where a body of gray granite
is worked.

MONTEVIDEO AREA.

Rock outcrops in the Montevideo area in two localities—one of 1
or 2 acres about half a mile south of Montevideo, in sec. 19, T.
117 N., R. 40 W., and the other about 2 miles southeast of Monte-
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video, in secs. 20 and 29. Several small openings have heen made in
past years, one of which is now being worked.

The rock south of Montevideo is a gray gneiss or banded granite
which rises in" a dome 30 or 40 feet above the general level. A
thin section shows that it consists mainly of quartz in clear small
grains, feldspars, both orthoclase and plagioclase, and a little biotite.
A small portable crusher is supplying a small quantity of this rock
for road construction. '

At several places about 2 miles southeast of Montevideo, in secs.
20 and 29,small quarries were opened about 1900. These were operated
intermittently, supplying stone for foundations, until about 1909.
The rock, whose surface is marked at many places by potholes, is a
red granite gneiss, which differs from the ‘‘Ortonville”” stone chiefly
in having a more distinct gneissic banding. This detracts somewhat
from its value, for between these gneissic bands are planes of schis-
tosity or partings, which are commonly so closely spaced that blocks
only a few inches in thickness may be obtained.

Near Carleton Lake a small excavation shows that blocks 3 to 6
feet across and of fair quality may be procured, but close to the rail-
road the gneiss breaks into uneven angular blocks of smaller size.
Here the dark minerals are more abundant and form dark streaks in
the rock. Water percolation along the planes of schistosity has re-
sulted in the partial decomposition of the dark minerals and the con-
sequent formation of reddish stains which penetrate to considerable
depths. The quality of the rock improves toward Carleton Lake, the
schistosity is less distinct, and dark minerals are less abundant.

The rock, as shown by the microscope, is a medium-grained granite
gneiss with very little biotite. The chief feldspar is microcline, ortho-
clase and plagioclase being subordinate. Considerable quartz is pres-
ent and is graphically intergrown with the orthoclase and microcline.
The red color is due to small hematite grains scattered throughout the
feldspars and bordering the quartz grains. The feldspars show a lit-
tle alteration to clay.

The rock has been used for foundations of a number of structures
in Montevideo.

Owing to black knots of biotite, stams, quartz veins, pegmatite
areas, and, most of all, the marked gneissic texture, none of the rock
is of monument grade. It is serviceable for foundations and wall
rock and for crushing.

GRANITE FALLS AREA.

About one-fourth of a mile from the Chicago, Milwaukee & St. Paul
Railway station, in sec. 34, T. 116 N., R. 39 W., is a cliff which has
supplied stone for foundations in Granite Falls. The rock is the best
in quality of any seen in the district around Granite Falls. It is a
dark diorite, consisting of hornblende, plagioclase, garnet, small grains
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of magnetite, and some chlorite, which last indicates incipient weath-
ering. It is not as schistose as the rock at Montevideo, and jointing
planes are sufficiently spaced to give blocks 3 feet in length. In color
the rock is too dark to be attractive for entire structures, but it ap-
pears to be substantial for foundation purposes. '

Rock crops out almost continuously along Minnesota, River from
Granite Falls to about a mile beyond Minnesota Falls as irregular
humps and ridges, moss covered, and somewhat decayed. Half a
mile below Minnesota Falls the rock is a quartz diorite, rather dark in
color, containing biotite and a little quartz. It is very much altered
by weathering.

YELLOW MEDICINE COUNTY:

The granites and gneisses of Yellow Medicine County outcrop in
three areas—in the Minnesota Valley in the vicinity of Granite Falls,
as small patches north of Echo and Wind Lake, and mldway between
Canby and Chatfield. '

GRANITE FALLS AREA.

A small quarry was opened by the Granite Falls Stone Co. in 1897
about half a mile from the Great Northern Railroad, where it ap-
proaches Granite Falls station from the west, in sec. 32, T.116 N., R.
39 W., on the steep face of a 50 to 60 foot bluff overlooking the marsh-
lands northeast of Minnesota River. Therockis a dark biotite gneiss.
The gneissic texture is very marked, and the planes of schistosity or
eagy splitting, though in a few places 1 to 3 feet apart, are commonly
so closely spaced that the rock is useless. In the back part of the
quarry firm rock, suitable for ordinary foundation work, may be

_obtained. The foundation of the Yellow Medicine County court-
house in Granite Falls was made from this rock and is apparently
durable.

About half a mile south of Granite Falls, in sec. 4, T. 115 N., R. 39
W., is an area of garnetiferous gabbro,! described by W. S. Bayley,
which is not suitable for structural purposes.

Outcrops of granite gneiss are numerous in and about Granite Falls.

Most of the rock dips 60° to 80° and is so deeply decomposed that the
erosive action of the great glacial river was not sufficient to remove it
as completely as at Morton and North Redwood. Postglacial decom-
position has doubtless increased the amount of decay, and the chances
for finding good rock in this vicinity are not encouraging. However,
fairly fresh and solid rock may be obtained in Chippewa County, on
the opposite side of the river. (See p. 70.)

Granite Falls is favorably situated for the production of crushed
rock. The river has a fall of 14 feet and has a potential energy of
about 1,000 horsepower, 500 of which is now used to supply light and

1 U. 8. Geol. Survey Bull, 150, p. 282, 1898.
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power to Granite Falls and Maynard The close proximity of rock
power, and railroad transportation is noteworthy.

RENVILLE COUNTY.

DISTRIBUTION OF THE ROCK.

The only rock of economic importance in Renville County outcrops
along Minnesota River and in the lower parts of the larger tributary
streams. Exposures along the bluffs of the river are all more or less
decomposed. Tributary valleys, such as Beaver Creek and Birch
Cooley, cut into the Archean, and here, also, decomposition is great.

The best rock occurs in outlying masses in the main river valley,
where river erosion has cleared away all but the firm fresh rock.
* Prominent domes of this sort occur at North Redwood and Morton,
the latter covering many acres and reaching an elevation which
affords from its summit an extensive view of the river basin.

The stripping away of waste material by river erosion is marked in
this locality. The remarkable state of preservation, even after the
many seasons of rain and drought, of heat and frost, since glacial
times indicates the ability of the rock to resist weathering.

NORTH REDWOOD GRANITE WORKS.

The North Redwood Granite Works quarry is situated about 1%
miles from North Redwood station, in sec. 20, T. 113 N., R. 35 W.
Outcrops occur near the center of the broad river basin in a thickly
wooded district. River erosion has swept away all the decayed rock,
and silt has partly covered the low domes, permitting an extensive
growth of vegetation, the mold of which has added to the mantle of
earth which now hides most of the granite. These domes cover
many acres. ‘

Quarrying was first begun about 1887. March 1, 1912, a company
was formed known as the North Redwood Granite Works. Quarry-
ing operations are intermittent. The quarry supplies one shop in
North Redwood employing one or two cutters.

Small pits are opened in several places. On the vertical wall of
the largest, which is about 15 feet deep, horizontal sheeting planes
are spaced about 6 feet apart. Nearly vertical joints are far apart,
none appearing on this wall, which is 12 to 15 feet wide, and conse-
quently blocks of very large size may be obtained. The rock has an
~ indistinct gneissic texture.

There are two types of rock—a medium-grained biotite gneiss of
greenish-gray color and a pale-pink biotite granite, These rocks are
more completely described on page 48.

On the southeast side of the granite area are many immense
boulders, most of which resemble the bedrock in composition and
structure, though some are porphyritic in texture, having large -
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feldspar crystals. Monumental stone of good quality has been
obtained from a number of them.

Physical tests of the pink granite show: True specific gravity,
2.690; pore space, 0.6 per cent; weight per cubic foot, 167.1 pounds.
Under crushing stress the first crack developed under 12,308 pounds
per square inch, and the rock finally collapsed under 21,236 pounds.
Under transverse stress the modulus of rupture proved to be 4,526
pounds per square inch.

Though the rock is largely made up into high-grade monuments,
it is also used for structural purposes, for which it is well suited.
The Redwood Falls Public Library, High School, Granite Block, and
the North Redwood Bank Building are examples.

ANDERSON GRANITE CO. QUARRY,

A prominent dome of biotite granodiorite gneiss in the Minnesota
River valley near Morton has been quarried in eight or more places.
It was worked extensively from 1884 to 1887 by the Saulpaugh Co.,
which employed about 300 men. Subsequently quarrying was car-

“ried on by John Anderson until 1908, when the Anderson Granite Co.
was formed. The company now operates at several places on the
bluff, in sec. 31, T. 113 N,, R. 3¢ W. Some rock is obtained from
immense boulders

The rock is distinctly gneissic (banded) but is very firm and does
not permit ready percolation of water. In places it is porphyritic.
(See also p. 49 and P1.1X, 4, B, p. 68.) Sheeting planes are 12 to 20
feet apart and dip 5° to 15° always toward the margin of the area,
showing a domal structure. This probably has a direct bearing on
the-excellent preservation of the rock, as the sheeting planes act as
watersheds. Major joints are 6 to 30 feet apart, and, where observed,
meet approximately at right angles, their directions being southwest
and southeast. A few minor joints meet the major joints at about
20°. Rock masses of great size may be obtained. During the
summer of 1912 the Hans Neilson Hauge monument was made for
Concordia College, Moorhead, Minn. The base of the monument is
5 by 4'by 3 feet, and the column consists of a single piece 18 by 3 by 2
feet. Though the rock is variable in texture, it is attractive when
polished. Some light-colored and some red dikes are present, but
apparently they do not weaken the rock, and do not noticeably
detract from its appearance. It is a very handsome stone, especially
for large structures. Rock containing black knots and streaks con-
sisting chiefly of biotite is avoided by quarrymen as much as possible.

At least half of the rock may be polished for monuments and the
remainder used for bases, range rock, trimming, curbing, and bridge
work. - The rock is well adapted for the latter purpose, for it is strong
and can be quarried in blocks whose size is limited only by the means
of transportation.
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In addition to the Hans Nielson Hauge monument at Moorhead
and many smaller monuments this rock has supplied material for the
range rock and trimming for the Catholic Church, Waconia, for bank
buildings at Gibbon, and Fairfax, and for curbing at Glbbon Arling-
ton, and Morton.

Physical tests obtained at the University of Minnesota showed that
under crushing stress the first crack came at 8,600 pounds per square
inch and the rock collapsed at 20,340 pounds. Under transverse
stress the modulus of rupture was found to be 3,042 pounds per
square inch.

Quarry conditions are excellent. The bluff is high and oan be
worked everywhere in shelf quarries. The outward dipping of the
sheeting planes not only insures perfect drainage but facilitates
greatly the removal of blocks from the quarry.

The Minneapolis & St. Louis Railroad tracks are about 15 rods

from the nearest quarry. The Saulpaugh Co. had a siding right at
the quarry, but this has since been abandoned. The Anderson
Granite Co. has a well-equipped shop a few rods from the railroad.

REDWOOD COUNTY.

On the opposite side of the river, in Redwood County, rock out-
crops are numerous in the valley of Redwood River. A covering of
Cretaceous rocks protected them from glaciation, and stream erosion
has not been sufficient to clear away the decayed portion. As a
consequence the river bluffs are decayed to great depth, and fresh
material is not available. The rock has been used to some extent
at Redwood as crushed stone for concrete aggregate.

. NICOLLET COUNTY.

Granite was quarried many years ago in the extreme northwest
of the county for the construction of Fort Ridgely, 14 miles to the
east. The rock is porphyritic and has a gneissic texture. A second
outcrop occurs 4 miles lower down Minnesota River. It is a pale-
red granite of uniform texture. No granite quarries are now
operating in Nicollet County. ~

- KEWEENAWAN GRANITES OF CENTRAL MINNESOTA.
' QUARRIES AND UNDEVELOPED OUTCROPS.

 In the detailed discussion of the rocks of central Minnesota the
quarries and the undeveloped outcrops are considered separately.
The line between developed and undeveloped outcrops is drawn
somewhat arbitrarily. In its strictest sense any outcrop on which
test pits or drill holes have been made is developed. . For the pur-
poses of the present discussion all the active and many of the more
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" prominent inactive quarries are considered ‘“quarries,” and all the
less important abandoned excavations and test pits, especially those
. that represent only a small part of an outer op, are considered “undc-
veloped” exposures.

The quality of outcrops on which no development work whatever
has been done can be judged from surface observations only. The
nature of the fresh underlying rock must be inferred from the appear-
ance of the decayed and stained surface material and from condi-
tions in near-by developed quarries. The results of such observa-
tions are not always reliable. Jointing systems, dikes, hair lines,
and other structural features may be judged with a fair degree of
accuracy, but surface observations are often misleading, for weath- -
ered rock is almost invariably stained or bleached. The judgments
on such outcrops expressed in this bulletin are based on compansons
of surface and deep rock in many quarries.

The quarries and outcrops are described in the alphabetic order of

the townships.
STEARNS COUNTY.

ASHLEY TOWNSHIP (T. 126 N., R. 35 W.).

A small isolated outcrop of epidote granite lies in northwestern
Stearns County, about 8 miles west of Sauk Center, in the SW. }
NW. § sec. 17, Ashley Township. Itis reddish gray to green in color,
and its megascopic minerals are pale-pink feldspar with the coloring
matter very unevenly distributed. Granular quartz and epidote
are abundant. The epidote occurs as a replacement or alteration
product of some original dark material which is now unrecognizable
in the hand specimen, but which in thin section proves to be augite.
Under the microscope epidote appears in abundance. Quartz,
orthoclase, plagioclase, and augite are the essential constituents.
It is evident that the rock was originally an augite granite. Peg-
matite areas are common, and the texture is very uneven. The

most prominent joints strike N. 23° W. and are very close, 1 inch to
14 feet apart; minor joints strike S. 85° W. Epidote is so abundant
that certain areas are green. The rock is probably useless.

Frank Minette reports a black granite, probably a gabbro on his
property in sec. 18.

LE SAUK TOWNSHIP (T. 125 N, R. 28 W.).

UNITED GRANITE CO. QUARRY.

Near the middle of the east side of sec. 17 a red granite quarry
owned by the United Granite Co., of St..Cloud, outcrops over an area
of about 26 rods east and west and 16 rods north and south. The
main opening is at the eastern end and a smaller one is near the north
side. The main excavation is about 50 by 30 feet in extent and is
15 feet deep. -
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The rock is a medium-grained biotite granite of pleasing color.
The texture is not uniform, an uneven distribution of light and dark
rainerals resulting in an irregular banding. In places, also, the grain
is not uniform, pegmatite masses or veins occurring here and there.
Both red and gray feldspars are present. Observation with a hand
lens shows that the red color is distributed unevenly, but from a
distance of 2 feet or more it appears uniform. Quartz is abundant;
some is smoky and some colorless. A few grains of pyrite are present.
Microscopic examination shows that microcline is the most abun-
dant feldspar, and that many of its crystals are surrounded by bands
of secondary feldspar. Quartz is abundant in grains, whose maxi-
mum diameter is about one-fourth of an inch. The dark minerals
are biotite and magnetite in small amounts and specks of hematite
arranged along cracks and crystal boundaries.

Joints strike N. 5° E. and N. 80° E. They are unevenly spaced;
in one place those strlkmg N. 5° E. are about 2 feet apart and those

, striking N. 80° E., 6 to 8 feet apart.
In other places areas of 15 to 20 feet
are without open joints.

A few gray knots appear, but they
are not nearly so numerous as in the
smaller quarry. Some reddish in-
closed fragments look like fine-
grained masses of the same material
as the main quarry rock. No hair
lines or trap dikes occur. Reddish

stains follow seams in places. At
) F‘;j;’;;gg;j;:gg;gf:;g;;{;;’;“;ffggg‘;;ﬁ’ one point the characteristic concen-
ite Co’s quarry, sec. 17, Le Sauk Township, tric lines of flowage of a viscous

Stearns County, Minn. .«

: magma were very distinct. The
presence of pegmatite masses and bands, indistinctly defined masses
of red granite inclosed in red, and concentric. flowage lines, all indicate
that the rock in this area was in motion at the time of solidification.

At the smaller excavation inclusions of gray granite are sufficiently
abundant to impair much rock. (See fig. 9.) The gray rock is a
hornblende-biotite granite made up of fine-grained quartz in abun-
dance, some orthoclase, plagioclase, and hornblende, and a little
magnetite and sphene. As sphene is almost invariably present in
the “St. Cloud gray” granite and absent in the red, the inclusions
appear to be fragments of the typical gray granite of St. Cloud
caught up by the red magma, which solidified before it dissolved
them. The excess of quartz may be due to diffusion from the sur-
rounding red granite.

The rock quarried here was hauled to St. Cloud, where the United
Granite Co. operates a polishing shop; the 6-mile haul is a serious

1 o 0 _| FooT
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drawback in the development of the area. No stripping is needed.
Pumping is required to remove accumulated water in the quarry pit.
Though operated during the early part of 1912, the workings are now
idle. UNDEVELOPED ROCK OUTCROPS.

Rock outcrops of diverse types appear in several widely separated
localities in Le Sauk Township. Red and gray granite, gabbro,
norite, and diorite are represented. ~

In secs. 5 and 6 extensive outcrops of gabbro somewhat similar to
that near by in secs. 12 and 13, St. Wendall Township, probably rep- -
resent parts of the same intrusion. The largest outcrop observed
extends more than a quarter of a mile westward from a point near
the center of the SW. { sec. 5. This rock consists essentially of abun-
dant augite, plagioclase, and a remarkably large proportion of quartz,
this mineral being more abundant than in the “St. Cloud gray” gran-
ite. It isan unusual species—an augite granite. The rock is coarse
grained and greatly decayed. Augite is extensively altered to biotite.

Near the eastern end of the area are two small knobs of coarse-
grained pale-red biotite granite. Near these granite areas the augite
granite is cut by two dikes of biotite granite, one an inch wide and the
other 3 inches wide. Through the central part of the ridge no biotite
granite was seen, but near the western end numerous red granite dikes
3 inches to 1 foot in diameter cut the augite granite at different angles.
The relative durability of the two rocks is well illustrated, for at one
point the gabbro is rotted to a gravelly, incoherent mass, leaving the
granite dikes standing 10 to 12 inches above it in a fairly fresh
though shattered condition. The dike consists of abundant ortho-
clase, considerable plagioclase, and quartz, and a small amount of
biotite and magnetite. It shows reddish stains along a series of par-
allel cracks and on crystal boundaries.

- About 152 rods north and 160 rods west of the southeast corner of
sec. 5, a prominent knob of granite a few square yards in outcrop
rises about 15 feet from a level field of scattered standing timber and
underbrush. The rock, which is pale red and porphyritic and con-
tains pale-red feldspars one-half to three-fourths of an inch long,
consists of orthoclase, abundant quartz, subordinate plagioclase and
microcline, biotite in numerous small flakes, and garnets. Some has
‘been quarried.

About 64 rods south of the center of sec. 6 are two small outcrops,
one of gabbro and the other of fine-grained red augite granite. The
latter consists essentially of abundant orthoclase, less prominent
plagioclase, augite showing remarkable zonal alteration to hornblende
or biotite, and quartz in scattered grains. Rusty cracks and crystal
borders give evidence of advanced decomposition. Grains of mag-
netite, apatite inclusions, and one crystal of sphene were observed.
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Near the center of the south line of sec. 8, just east of Watab Lake,
on the farm of D. L. Baker, is a small outcrop of gray granite. 'Where
exposed, it is medium grained and even grained. Joints strike north
and south and are 2 to 4 feet apart. It is cut by a few pegmatite
dikes. The outcrop covers but a few square feet, but the owner
states thatfor 8 rods to the east the rock surface is scraped in plowing
‘the land.

About 296 rods north and 280 rods west of the southeast corner of
sec. 10, near Mississippi River, is an outcrop of dark augite-diorite
~ porphyry similar to the massive ridge on the opposite side of the river
in Benton County. It is fine-grained and nearly black in color, but
contains scattered phenocrysts of feldspar one-fourth to one-half of
an inch long. Microscopic study reveals the following minerals in
order of abundance: Plagioclase, hornblende, biotite, and some augite,
with occasional phenocrysts of feldspar and quartz. Though the
rock shows very little alteration, it is too dark to be of value for
building stone and too variable in texture for monumental purposes.
It may be used as crushed stone or rubble.

The diorite is literally riddled with dikes and masses of granite
that include many fragments of the diorite. The intruded rock is a
gray biotite granite, consisting of orthoclase, plagioclase,. a very
little microcline, abundant quartz, biotite, and subordinate horn-
blende, magnetite, and sphene.

The dark color and the closely spaced intrusives render the diorite
unfit for anything but rubble or crushed rock. It has been quarried
to some extent—generally in the wintertime, for the rock bluff forms
a prominent point on the river shore, and transportation over the
ice is convenient.

An outcrop of red granite, on property owned by C. D. Schwab in
the S. 3 SE. 3 NW. } sec. 21, Le Sauk Township, is similar to that
quarried by the Monarch Gra.mte Co. in the SW. } sec. 8, St. Cloud
Township, being porphyritic with a dense matrix. Itis a hornblende
granite in which the hornblende shows considerable alteration to
biotite. The phenocrysts are orthoclase or microperthite, and the
groundmass is mainly of quartz and orthoclase. A specimen taken
at the surface exhibits considerable alteration to kaolin. The red
color is due to the presence of numerous fine inclusions of hematite.
Though the individual grains show considerable diversity in size,
the feldspars being prominent, on the whole the rock is fairly -uni-
form. It has a good red color and is free from knots, hair lines, and,
so far as seen, from trap dikes. Some has been quarried but not at
sufficient ‘depth to show the quality of the unweathered product.
Two outcrops occur about 32 rods apart. One is small and rises but
little above the surrounding country. Another, about 30 rods to
the west, rises as a ridge 15 feet high, 10 rods long, and 3 rods wide.
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Joints are closely spaced and intersect at right angles. Three sys-
tems were noted; one N. 4° E., another N. 40°E., and another N. 45°
W. (See fig. 10.)

The joints are closely spaced and, one system being oblique to the
other, dissect the rock into angular blocks. The rock is free of
blemishes and is of good color.

Just north of this, in the N. 4 SE. $ NW. 4 sec. 21, on the property
of Michael Jabs, are two outcrops of gray granite. The eastern and
larger outcrop, which covers an area of about 100 square yards, is
medium grained ,and of even texture. It is cut by a few dikes of
red granite, which trend toward the area of red granite last de-
scribed and are probably related to it. Some of this rock was quar-
ried many years ago for bridge work. The joints are not so close as

A |
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FIGURE 10.—Sketch showing structure of rock in outcrop of red granite, 8. 4 SE. } sec. 21, Le Sauk Town
" ship, Minn.

in the red rock. Two distinct systems appear, north-south and
N. 87° W. These are spaced 3 to 10 feet apart.

The rock is a medlum—gra,med biotite granite, the pale—gray feld-
spars and black mica giving it a mottled appearance. The quartz
grains are brown in color and are prominent—a noteworthy fact, for
the typical “St. Cloud gray’’ granite contains but a small amount
of quartz and that in minute clear grains. It differs also from the
typical ‘“St. Cloud gray’’ granite in being of a lighter gray and in
having more abundant biotite. The rock is somewhat weathered
near the surface, and what appears to be secondary epidote is promi-
nent in the upper one-fourth of an inch. With the microscope,
most of the feldspar was determined as plagioclase, identifying the
rock a quartz diorite rather than a granite.

The nearest railway station is Sauk Rapids, about 5 miles distant.
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A granite outcrop in the SW. } SE. } sec. 21, on Watab River,
about one-fourth of a mile upstream from the road at Sartel, rises
3 or 4 feet above the water for about 5 rods on the south bank of the-
river immediately below the second dam and then disappears be-
neath the drift. The granite consists of red feldspar, white or
transparent quartz, black mica, and hornblende in small grains that
give the rock a spotted appearance. It is not very uniform in tex-
ture, being pegmatitic in places, and also is cut by dikes of red
granite. In places, also, the distribution of minerals is variable, the
hornblende being more abundant. Feldspars are paler in some

~ masses, and so it lacks
the pleasing deep red
color that is so desirable
in monumental granite.
‘With the microscope,

" both orthoclase and mi-
crocline were observed.

The feldspars are, for the

most part, confused per-
thiticintergrowths.
Quartz is abundant but
is not evenly distributed.
The chief dark mineral is
hornblende, though mag-
netite and biotite are also
present. Jointingor
sheeting planes could not
be observed on account
of the smallness of the
outcrop. The material
observed is not of monu-

I y ment grade.
v«.'*'e:y LYNDEN TOWNSEIP (T. 122 N.,
To ‘ R. 2T W.).
I0FEET .
= Not far from St. Au-

FIGURE 11.—Sketch simwing structure of rock ingray graniteout- gusta, on thefarmofJ.H.
crop near St. Augusta, NW.$ SE. }sec. 19. Lynden Town- :

ship, Minn. Moeller,in the NW. 1 SE.

: 1 sec. 19, Lynden Town-

ship, granite outcrops over an area about 12 rods long in a north-
easterly direction and 2 to 4rods wide. The rock probably continues.
near the surface beneath a ridge, which curves to the east for about
400 yards. This is an isolated exposure, the nearest outcrops being
at Luxemburg, 6 miles to the west, and at the Northwestern Granite

. Co.’s quarry, 7 miles to the north.
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The rock is an even-grained gray granite but differs from the
typical “St. Cloud gray’’ chiefly in the color of its feldspars, which
are a clear greenish gray, much lighter in color than those of the
typical “St. Cloud” stone. They afford a more distinct contrast
between dark and light minerals. Both hornblende and biotite are -
present and form approximately a fourth of the rock mass. Quartz
is not abundant. The black and greenish-white mottling is very
attractive. In thin section, orthoclase appears to be the most
abundant feldspar, with plagioclase nearly equal in amount. Micro-
cline is subordinate. Quartz is present in small scattered grains,
and sphene, magnetite, and apatite are accessory constituents.

Some. granite has been quarried, and in the 5 feet of vertical
exposure no sheeting planes appear. Joints strike N. 61° W. and
S. 41° W. (See fig. 11.) Very few black knots are visible. The
rock is uniform and attractive and is apparently suitable for high-
grade monumental work. It has been used only for a barn founda-
tion. The Great Northern Railway passes about half a mile distant.

. MELROSE TOWNSHIP (T. 128 N., R. 33 W.),

A small outcrop of coarse red granite, reported to be inferior in
quality, on Sauk River at Melrose is now covered by a mill and can
not easily be examined. -

ROCKVILLE TOWNSHIP (T. 123 N., R. 29 W.).

CLARK & McCORMACK QUARRY.

At Rockville, 10 miles from St. Cloud, two granite quarries are
operated by Clark & McCormack and by the Rockville Granite Co.
The Clark & McCormack quarry, the largest in the State for the pro-
duction of structural granite, was opened in 1907. During 1912 it
employed an average of about 85 men and had a daily output of
about 300 to 400 cubic feet of finished stone. The rock is transported
from the quarry by handcars on tracks to shops equipped with eight
surfacing machines. (See Pl. X.)

The “Rockville”’ stone is uniform and exceptionally coarse grained,
the angular feldspar crystals being one-half to three-fourths of aninch
in diameter. Itconsists of pale-pink feldspar, quartz, and black mica,
the combined effect on a hammered surface being pinkish gray.
(See Pl. XIII, B, p. 118.) No pyrite or other minerals which would
cause stain or blemish are present. Observed with the micro-
scope the rock is a biotite granite. The chief feldspar is orthoclase.
Considerable microcline, a little plagioclase, and abundant quartz
also appear. Small grains of hornblende, magnetite, inclusions of
apatite, and fairly large crystals of sphene are accessory constituents.
An analysis of the rock is given on page 53.

95545°—18-—Bull. 663——6
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Physical tests made at thé University of Minnesota show that -
under crushing stress the first crack came at 10,574 pounds per square
inch and final collapse at 17,294 pounds. Under transverse breaking
strain the modulus of rupture proved to be 2,048 pounds per square
inch. :

Gray knots in the form of lenslike masses occur but are not
common. The rock is exceptionally pure and even grained; on
the freshly exposed quarry wall the eye can not detect the slightest
change in its appearance except where surface stained. Such
uniformity of texture and color are properties greatly in demand.

The rock rises in a great dome which is exposed over at least an
acre. On the exposed surface, careful observations of joints could
be made. Open joints are far apart and are somewhat irregular in
direction; the most prominent strike S. 70° E. and others N. 45° E.,
S.55°E.,andN.10°W. This irregularity, if joints were closely spaced,
would result in much waste rock, but here, where they are spaced 20,
40, and even 100 feet apart, the irregularity is of little consequence.
In fact, quarrying would bé easier if they were more closely spaced.
Sheeting planes are also few in number. Where quarrying is now
carried on none are present, and beds have to.be forced by ‘lift
holes.” On the northwest side of the dome, where the rock has been
stripped, a drill hole was projected and an open seam found at a
depth of 22 feet. Blocks of immense size are obtainable, much
larger than can be handled by derrick. Large blocks are broken
loose by blasting and are subdivided by plug and feather.

Weathering has produced a reddish stain in the upper 18 inches of
the rock, and similar stains occur 18 inches to 2 feet on each side of
the open seams. The rock becomes a little lighter in color at depth.

A noteworthy feature of the quarry is the small waste heap.
Almost all the stone quarried is used, and the actual output in cubic
feet is very much greater than in the St. Cloud quarries.

The most important building in which “Rockville”’ stone has been
used is the new cathedral at St. Paul, still unfinished, in which it is
employed for the outer structure, including the lower part of the
central dome. This noble edifice, of modern Renaissance type, will,
when completed, cost $1,750,000. Clark & McCormack supplied the
250,000 cubic feet of stone required at a contract price of more than
half a million dollars. The completed edifice will be about 300 feet
high, and its lofty position on the heights will make it one of the most
prominent structures in the State.

In the finished structure one of the admirable qualities of the stone
is apparent. Many granites are rather dead in appearance, exhib-
iting the same dull, unvaried look from all viewpoints. The “Rock-
ville” stone is made up largely of coarsely crystallized feldspars,
showing brilliant cleavage faces, which on the hammered surfaces
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glve a glittering reflection. Thus, in moving past any point, there
is no monotony but constant change. - The rock has a tone, an indi-
viduality, like many of the finest marbles.

The remarkable adaptability of the stone for carving is seen in
the magnificent sculpture work above the main entrance. The
central group, entitled “Christ blessing and instructing the a,pos-
tles,” surmounts the pediment or gable above the large round win-
dow. It was designed by Leon Hermant, the actual carving being
done under the guidance of John Garatti, of Venice, Italy. All the
carving was done after the 72 stones, weighing 400 tons, had been
placed in the arch. Some idea of the size of these figures may be
gained from the fact that the mass of rock from which the head of
Christ was carved weighed 9 tons. The figure of Christ is in the
center, 116 feet above the main floor level. The carving over the main
doorway and the Corinthian caps of the columns (see Pl. XI) also
are of more than ordinary interest.

ROCKVILLE GRANITE CO. QUARRY.

The quarry of the Rockville Granite Co. is about one-fourth of a
mile north of the Clark & McCormack quarry, on the north side of
the railroad track. It was opened in 1891. Much structural stone
was obtained here in past years. The stone is the same as that of
the Clark & McCormack quarry. Joints are far apart, the most
prominent running east and northeast. In connection with the
quarry is a stone-cutting and polishing shop, equipped with the
largest lathes for turning and polishing columns to be found in the
Central States. (See P1. VIII, p. 66.)

ABANDONED QUARRIES AND UNDEVELOPED OUTCROPS.

South of Rockville, near the mill pond, on property owned by
Homer Tenney, is a deserted quarry that has been idle for about 20
years. Several undeveloped rock exposures in the vicinity of
Rockville are all of the same general type. With an unlimited sup-
ply of first-class stone, uniform, attractive, and adapted for the best
and most artistic structural purposes, there is the possibility of a
great development of the industry.

ST. AUGUSTA TOWNSHIP (T. 123 N., R. 28 W.).

In the NE. } NW. 1 sec. 30, St. Augusta Township, on the property
of Katherine Hanson, a small outcrop, close to the road, is 8
by 5 rods in extent and rises about 3 feet above the surface. The
rock is a coarse-grained biotite granite of the “Rockville” type,
consisting chiefly of large pale-pink feldspars and abundant quartz.
The minerals, in descending order of abundance, are microcline,
plagioclase, orthoclase, biotite, hornblende, magnetite, and apatite.
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Alteration is not pronounced, even in a specimen from the surface.
Irregular open joints strike N. 78° E. and N. 25° W. and are spaced
8 to 12 feet apart. In the eastern part of the outcrop two joints
close together trend N. 22° E., and parallel with them are four
dikes, three of them about half an inch wide and the fourth a quarter
of an'inch wide. The centers of the dikes consist of large quartz
crystals and the margins of feldspars so interlocking with the crystals
of the surrounding rock that their borders are indistinct. A dia-
base dike 5 feet thick crosses the outcrop in direction N. 65° E.
Lithologically this dike rock is one of the most interesting in Minne-
sota. It is a quartz diabase porphyry, containing many large
crystals of feldspar and quartz. One gray knot about 6 inches
across was seen. Apparently the rock is a good - building stone,
though probably not useful for monumental purposes. As it is
several miles from a railroad, its extensive development is not
probable. :

Near the center of sec. 19, on Stephen Zenner’s farm one-third
of a mile from the road that passes the Luxemburg church a second
more prominent outcrop covers an area about 22 rods north and south
and about 6 rods wide. The rock extends westward near the sur-
face; according to Mr. Zenner, the plow touches it in many places.
The ridge is about 20 feet high and drops off abruptly to a marsh on
the east side. The rock is a coarse-grained hornblende biotite granite
of the “Rockville” type, about three-fourths of which is of feldspar
in large crystals half an inch to an inch across. Pale-pink feldspar
is abundant, and a subordinate amount of pale-green feldspar is
present. Biotite and hornblende are about equally abundant, and
quartz in small grains is plentiful. As observed under the micro-
scope, orthoclase with subordinate microcline and smaller though
numerous quartz crystals form the light portion of the rock. Very
little perthitic intergrowth was observed. Scattered grains of horn-
blende, biotite, and magnetite form the darker part.

The most prominent joints at the southern end of the outcrop
strike N. 22° W. and N. 60° E. and are 4 to 10 feet apart. At the
north end of the outcrop joints of three systems, N. 70° W., N. 50°
W., and N. 85° W., divide the rock into angular masses. Here
also epidote veins are more numerous and when traced for a distance
give place to numerous interlacing green hair lines. A few gray
knots contain feldspar crystals similar to those in the surrounding
rock and hence appear to be segregations. :

The rock makes very attractive structural blocks or r columns. Tt
compares favorably with the “Rockville” stone, but poor railroad
facilities will probably discourage its development. Some stone
was quarried on the eastern side of the ridge and used locally, but
none has been excavated for a number of years.
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ST. CLOUD TOWNSHIP (T. 124 N., R. 28 W.).
ATWOOD QUARRIES.

The Agate Granite Co. operated quarry pits in the W. § SE. }
sec. 20, St. Cloud Township, until 1912, when it ceased business.
Its property is now owned by C. L. Atwood, president of the Security
State Bank, St. Cloud. The rock in the larger excavation is a red
hornblende granite, consisting chiefly of flesh-red feldspars, with sub-
ordinate greenish feldspars scattered throughout. Quartz is abun-
dant in medium-sized transparent glassy grains. Hornblende crys-
tals vary in size; in places they are larger than in any other red
granite quarry of the region. With the microscope the chief feldspar
was identified as orthoclase. Microcline is prominent and plagio-
clase subordinate. The feldspars are intergrown as in perthite, and
all are altered to some extent. Hornblende shows considerable
alteration to biotite. ’

Segregations composed largely of hornblende form black knots
and gneissic bands. A sample taken from one of these bands shows
fine-grained black hornblende and biotite with lenslike areas of feld-
spar. The bands contain magnetite, biotite, hornblende, and pyrite.
The hornblende is fibrous and borders the light minerals or is inter-
grown with them.

Narrow veins of clear or smoky quartz were observed in a few
places. Large masses of rock are, however, quite free of these streaks
and knots. Joints are somewhat irregular. Two well-defined sys-
tems strike S. 45° E. and S. 5° E. and are intersected by minor sys-
tems. They are sufficiently. spaced to allow excavation of large
blocks. Sheeting planes are better developed in this quarry than in
most Minnesota occurrences; near the top of the quarry they are 2
to 4 feet apart and the spacing increases at depth. They dip slightly
to the north. Their presence makes quarrying comparatively easy.

At the southwest side of the quarry near the top is a mass of gray
granite which appears to be almost contemporaneous with the red,
but which is much finer grained. Feldspars are of two kinds, pale
pink and pale green, and quartz is abundant in small grains. As
observed with the microscope the minerals present are microcline,
orthoclase, quartz, plagioclase, biotite, hornblende, sphene, magnet-
ite, and apatite, in order of abundance. The dark minerals are
unevenly distributed, and as a whole the minerals are intimately
intergrown and show less clear and definite boundaries than those of
the typical ‘“St. Cloud gray’’ granite. A 2-foot diabase dike crosses
the pit in direction N. 55° E. ‘

The rock is attractive in color and the quarry is in good condition
for further development, being equipped with a large derrick and
modern ho1st1ng and pneumatic machinery.
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At 100 yards to the north, almost on the section line south of sec.
20, another pit, from which considerable rock has been removed,
exhibits surface alteration by weathering to a depth of 6 to 8 feet.
The pit is now partly filled with water. The granite is cut by a
diabase dike 24 feet wide which trends N. 65° E.

About one-third of a mile north of these pits the rock rises in a
prominent dome about 20 feet above the general level. An aban-
doned excavation at the north side of the outcrop is about 200 feet
long and 75 feet wide. Open joints are somewhat irregular, the most
prominent systems being E., N. 15° W. and N. 60° E. They are
spaced 2 to 10 feet apart. On the top of the dome south of the
quarry a series of parallel quartz veins appears. They are one-
eighth to three-fourths of an inch across and run northeast, their
direction being different from that of the joints. The presence of
sheeting planes 2 to 6 feet apart greatly facilitates excavation. The
rock is an even-grained red granite of good quality.

Transportation is by team and wagon to St. Cloud, about 31 miles
distant.

BLACK DIAMOND QUARRIES.

The Black Diamond Granite Co. operates a red granite quarry in
the SE. § NW. } sec. 18, St. Cloud Township. The quarry was
opened in 1909. The red granite is of two types, coarse grained and
_ fine grained, the fine grained occurring near the contact of a mass of
dark-gray granite at the western side. Both are adapted for monu-
mental use, the fine grained being the more attactive. The red rock
consists of microcline graphically intergrown with feldspar and
quartz and of orthoclase, plagioclase, quartz, and a very little green
hornblende. Joints are approximately at right angles and 3 to 20
feet apart. )

The dark gray is a hornblende granite, the feldspar of which is
chiefly orthoclase, with subordinate plagioclase and microcline.
Hornblende with a little biotite and magnetite form the dark part of
the rock. No sphene is present. The rock differs materlally from
the typical ‘“‘St. Cloud gray’’ granite.

Geologic relationships are rather complex in this quarry. (See
fig. 12.) The finer-grained texture of the red granite near the con-
tact and the presence of red dikes in the dark granite prove that the
latter is the older. Both rocks are cut by dikes, some of them in
the form of minute hair lines (¢), which are shown by microscopic
examination to be of granite similar to. the larger mass of dark-gray
rock. In rough-dressed blocks they are difficult to see unless water
is thrown on the surface, but when polished they appear as thin dark
lines on an otherwise uniform surface and are thus undesirable.
Water is thrown over the blocks, and those to be hauled to the shops -
for final dressing and polishing are carefully selected. '
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The dark-gray Tock would be valuable if it were not invaded by
foreign material. In this quarry, however, it is so cut up by pale-
-red granite dikes that uniform blocks are not readily obtained.

Steam and pneumatic drills and steam hoists are employed. Trans-
portation is by team and wagon to St. Cloud, about 4 miles distant.
The St. Cloud Street Railway runs to Waite Park, only a short dis--
tance from this and several other quarries. If some suitable arrange-
ment could be made with this company, the cost of transportation -
over 3 miles of bad road might be reduced. In this connection, it
may be of interest to the St. Cloud quarrymen to know that stone
from a quarry at Rockport, Maine, is transported about a mile over an
electric railway that maintains a regular half-hour passenger service
without causing any demoralization in the traffic.

About 32 rods northwest of this quarry, on the opposite side of the
Rockville road, is a deserted pit in the dark-gray rock. It is a biotite-
hornblende granite, somewhat finer grained .than the red granite.

A

FIGURE 12.—-magram of rock relations at Black Diamond quarry.

It is somewhat porphyritjc in places with white feldspar crystals one-
fourth to one-half inch across. Quartz is abundant in small grains.
In places the white feldspar is fine grained and sufficiently abundant
to give the rock a light-gray color. The rock is invaded by dikes of
red granite, though not so seriously as in the larger quarry. It takes
a good polish, presenting a rich blue-black color where free of the
porphyritic crystals of light feldspar.

The company also operates a quarry in gray granite in the SE. }
SE. } sec. 27. The rock is an even-grained uniform granite, about
threé=quarters of which consists of light-colored minerals, chiefly gray
- feldspar. - The presence of some pale-pink feldspars gives the rock
a reddish tinge. A few small grains of pyrite were observed. A
number of hair lines proved to be quartz veins under the microscope.

Joints are far apart and strike N. 10° W. and N. 80° E. The quarry
was inactive in 1913 and the excavation full of water, so that obser-
vation of sheeting planes could not be made. One diabase dike 3 feet
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"wide trends N. 65° E. ~ Some black knots were seen. The rock splits
with ease and is well adapted for monument stock, paving blocks, or
curbing. Transportation is by team and wagon to St. Cloud, about 4

miles distant.
DOERNER QUARRY.

John Doerner has made two excavations in a prominent dome of
gray granite or quartz monzonite in the NW. 3 NW. } sec. 33, St.
Cloud Township. The outcrop measures abont 48 rods east and west
and 40 rods north and south. The eastern quarry was worked first and
is now deserted. At this point the rock is a very dark gray, almost
black in color, owing partly to an abundance of fine-grained horn-
blende and biotite and partly to the dark-gray color of the feldspars.
It is a hornblende granite, with subordinate biotite and a little quartz.
The gray rock is cut'by a number of red dikes which appear to be a
fine-grained dike phase of the typical ‘“St. Cloud red’’ granite. Under
the microscope the chief minerals which appear in the dike rock are
orthoclase, plagioclase, microcline, and quartz. The feldspars are
microperthitic, as they are in most of the typical red granite. The
dark minerals are biotite and magnetite. Lithologically the rock is
similar to the typical ‘‘St. Cloud red’’ granite. Scattered grains of
hematite give the red color. Feldspars are partly altered to kaolin
and calcite. . ~

Nearer the road at the western end of the outcrop is the newer
quarry, which is now operating. The rock is a hornblende-biotite
granite, which is reddish-gray, owing to the presence of grains of pale-
red feldspar along with the more abundant gray type. The micro- .
scope reveals orthoclase as the chief feldspar, with subordinate
plagioclase and microcline. Quartz is more abundant than in most
of the ‘St. Cloud gray’ rocks. Hornblende, biotite, magnetite,
and sphene constitute the remainder of the mass, the latter in many
places surrounding magnetite grains. Minute apatite crystals in-
closed in the other minerals are common. The feldspars appear
dusty by alteration to clay.

The rock of this quarry is cut by light-colored aplite dikes and
contains dark knots, some of which are very angular and appear to
be included fragments rather than segregations.

In the northern undeveloped part of the outcrop red dikes are
present. A band of dikes half an inch to an inch wide, scattered over
a space 10 feet in width, may be traced N. 10° E. for 8 rods. It is
crossed by larger dikes at various angles. The quarry is about 4
miles from St. Cloud. :

EMPIRE QUARRY CO. QUARRIES.

" The Empire Quarry Co. began operations in 1912 on the site of the
quarry formerly operated by Hennessey & Cox, of St. Paul, in the
NE. { SE. } sec. 19, St. Cloud Township. The rock rises in a dome
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about 25 feet above the general level of the surrounding country, and
its upper part may be worked as a shelf quarry.

The rock is a medium-grained red hornblende gramt(, a little paler
in color than that worked by the same company in an adjacent
quarry. (See below.) Major joints strike north and south and are
spaced 10 to 30 feet apart.

Near the top of the quarry at the south side is a mass of very tough
gray biotite granite. The combination of fine-grained light gray
feldspar and. black mica gives it a speckled pepper and salt appear-
ance. Clear quartz is visible with a hand lens, and is more abundant
than in the typical ‘‘St. Cloud gray’’ granite.

The rock in, thin section exhibits a fine-grained uniform texture.
It consists of orthoclase, microcline, quartz, plagioclase, biotite, -
and a few grains of magnetite. The toughness of the rock is occa-
sioned by the interlocking of the feldspar and quartz grains. Its con-
tact with the red shows in places a gradual transition over an interval
of 6 inches or more. Smaller masses of gray are inclosed in the red
near the contact. ‘ '

A 13-inch ‘pegmatite dike passes through the red granite. It is
fine grained near the margin, then. coarser, light-colored feldspars
appear graphically intergrown with quartz; a central band about
one-fourth of an inch across consists of clear quartz and black mica

~withno feldspar

Stone used in the construction of the St. Paul post office was
obtained from this pit many years ago, the quarry at that time
being operated by John Clark, now of the firm Clark & McCormack,
of Rockville. 4
~ On the same rock dome, about 60 rods southeast of the pit last
described, a new excavation was opened in 1912. The rock is a
medium-grained red hornblende granite. Most of the feldspar is
pink with a few scattered greenish-gray grains. It is chiefly micro-
cline, graphically intergrown with quartz and considerably altered to
kaolin. Quartz is abundant, part being clear and part smoky.
Joints which are rather uneven strike N. 5° W. and N.87° E., 2 to 12
feet apart. Sheeting planes are uneven and indistinct, the highest
being about 8 feet from the surface. The rock is stained and decayed
down to the first sheeting plane but not beyond it.

A peculiar pegmatite area passes northeast through the quarry.
It is very irregular and enlarges to a mass 6 to 8 feet across. It is
composed of pink feldspar in crystals 1 to 4 inches long, quartz, a

. “small amount of pyrite, and bladed interlacing crystals of brown mica,
some of which are 24 inches-in length. A small amount of pyrite is
present. Under the microscope the feldspars appear as perthitic
intergrowths. The pegmatite area does not affect the quality of the
rock beyond its own borders. ,
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The outcrop is cut by a few-small irregular diabase dikes, stained
green where exposed at the surface. A zone of ‘‘green lines”’—
epidote veinlets bearing a little pyrite—passes N. 80° E. through the
quarry.

A few lenticular inclusions of fine-grained gray granite, the largest
18 inches long and 4 inches wide, were observed. Other masses
appear to be fine-grained segregations, containing both pink and
- gray feldspar.

-Fortunately, the imperfections noted are confined to certain defi-
nite areas. Uniform attractive rock is obtained in large quantities.
The color is somewhat deeper red than in the older quarry and is
therefore better adapted to monumental purposes.

Electric power transmitted from the Mississippi at St. Cloud oper-
ates the air compressor, and hoisting is done by steam. Transporta-
tion is by a railway siding so conveniently situated that the quarry
derricks are used for loading cars. The siding passes north on the
section line and joins the Great Northern track from St. Cloud to
" Rockville, about a mile distant.

FLAHERTY BROS. QUARRY.

Flaherty Bros. operated a small quarry several years ago in the
NW. $ NW.{ sec. 33, St. Cloud Township. The rock, which appears
to be a gray hornblende granite, is in reality a diorite. The feldspars
are gray to very pale pink, and consist of abundant plagioclase with
subordinate orthoclase and microcline. Very little quartz is present.
The hornblende is unusually fine grained Magnetite, sphene, and
~ apatite are accessory.

The gray rock.is cut by a number of pale-red aplite (fine-grained
granite) dikes. Some of the gray granite is spotted with red crystals,
as though the two granites were nearly contemporaneous and some-
what mixed at the contact. This conforms with the general relation-
ship of the red granites and gray granites in the St.Cloud region. A
few black knots but no diabase dikes were seen. The quarry is 4
miles from St. Cloud, where the firm operates a well-equipped monu-

ment shop.
FRICK & BORWICK GRANITE CO. QUARRY.

The Frick & Borwick Granite Co. began operations in 1906 on the
site of the old Minnesota Granite Co’s. quarry in the SE. } NE. }
sec. 19. The rock is red hornblende granite of uniform: texture and
attractive appearance. Most of the feldspar is red, but numerous
greenish-gray crystals are scattered throughout. Small hornblende
crystals appear as inclusions in some of the larger feldspars. Some
clear and some smoky quartz appears. As observed under the micro-
seope the rock consists almost entirely of microcline and quartz, with
subordinate orthoclase, hornblende, and blotlte The feldspars show
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little alteration. The rock is deeper pink in color at the bottom of
the quarry than near the surface. The entire absence of sheeting
planes, though the pit is now 60 feet deep, is noteworthy. Joints
strike N. 30° E. and N. 80° E. and are so spaced that blocks of large
size may be obtained. Epidote occurs as a filling in some open
seams. A mass of gray biotite granite, which occupies the south
end of the quarry near the surface, consists, in descending order of
abundance of orthoclase, quartz, microcline, biotite, magnetite,
and apatite. Quartz is more plentiful than in the typical ‘St. Cloud
gray’’ granite, though in other respects the two rocks show marked
similarity. Masses of fine-grained gray hornblende granite occur in
the red as inclusions. One fragment observed was 20 inches long
and 5 inches wide, with square corners.

The rock splits more easily in direction of run than rift. Though
this is contrary to the definition of rift, the rift is so uniformly hori-
zontal that the term is reserved among the quarrymen for the hori-
zontal direction of splitting, irrespective of ease or difficulty of cleav-
age. As at the St. Cloud Granite Works, about two-thirds of a mile
northeast, the run is east and west. Two large derricks with steam
hoist are employed and drilling is done by steam and compressed air.
Transportation is by team and wagon or railway. A loading derrick
stands at, the siding about 100 yards from the quarry. '

GRAHAM QUARRY.

A quarry is operated by Robert Graham in the NE. } SE. } sec. 21.
The rock is a gray, even-grained hornblende-quartz diorite. .The
feldspars are mostly gray, though some grains are pale pink. Quartz
is not prominent, though scattered grains of considerable size appear,
'some having a blue color. The dark minerals are fine-grained and
very evenly distributed, giving the rock a uniform texture. With
the microscope the most abundant feldspars were identified as plagio-
clase with subordinate orthoclase and microcline. Hornblende is
prominent and biotite subordinate in amount. A section from the
bottom of the quarry exhibits distinct cores of augite in the center of
hornblende crystals. Grains of magnetite and sphene are common.

Physical tests show: True specific gravity, 2.761; pore space, per
cent, 0.37; weight per cubic foot, dry, 171.9 pounds. Under crushing
strain the first crack came at 15,080 pounds per square inch and
final collapse at 21,000 pounds. Under transverse bréaking stress
the modulus of rupture proved to be 2,979 pounds per square inch.

Joints strike north and east and are 6 to 20 feet apart. Though
the pit is now nearly 60 feet deep no sheeting planes have been
reached, a circumstance that makes quarrying difficult. The rock is
very uniform and free from blemish. The few black knots present
appear under the microscope to be segregations. The rock is well
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adapted for making paving blocks and curbing on account of its
pronounced rift and run. (See Pl. VI, 4, p. 60.) It is used for
trimming, window sills, paving blocks, curbing, and monument
stock. Stripping requires the removal of about 2 feet of sandy soil.

A stone-dressing shop is situated at the quarry. Steam power is
employed for hoisting, and steam and pneumatic drills are used in
rock excavation. The quarry is in every respect well equipped and
turns out, large quantities of excellent stone. Transportation, is by
wagon to St. Cloud, about 2 miles distant.

GRANITE CITY GRANITE CO. QUARRIES.

The Granite City Granite Co. operates in the NE. } SE. % sec. 18,
St. Cloud Township, a quarry (Pl. XII), which was first operated by
James Murray, the present company being organized in 1900. The
rock is a medium to coarse grained red granite, becoming a little
deeper red at the bottom of the quarry. Major joints strike north
and south. In several places joints occur close together and then for
a space of 10 to 20 feet none appear. The only sheeting plane visible
at the present stage is about 20 feet from the top and is horizontal,
the remaining 35 feet of quarry wall having no natural sheeting
planes. This makes quarrying somewhat difficult, requiring blasting
in horizontal holes (lift holes) in order to create artificial sheeting
planes. Blocks of almost any desired size may be obtained. One
spire supplied from this quarry is 1 foot 10 inches square and 17 feet
2 inches long. Steam and pneumatic drills are employed and hoist-
ing is done by steam. Transportation is by team and wagon to St.
Cloud, about 5.miles distant, where the company operates a large
monument shop. , '

The Granite City Granite Co. also operates at times a gray granite
quarry in the SW. $ SW. 1 sec. 28. It is about 50 yards from a gray
quarry operated by the Black Diamond Granite Co. (See p. 87.)

HOLES BROS.” QUARRIES,

Holes Bros. are pioneers in the quarrying industry of St. Cloud.
They first quarried at Sauk Rapids in 1875. In 1885 they began'
excavation in the west-central part of sec. 20, St. Cloud Township,
and continued until 1912. The rock is medium grained and attrac-
tive in appearance, becoming a deeper red in the bottom of the quarry.

Unfortunately several large trap dikes pass through the quarry,
and associated with them are numerous hair lines, or small trap dikes,
together with certain bands of bleached or faded rock, known among
the quarrymen as ‘“‘jasper bands,” which greatly mar the polished
rock. In consequence of the dikes the expense of removing waste
rock became so great that the quarry was abandoned. The old
quarry pit is very large. The derrick was the tallest in the St.
Cloud region and was a prominent landmark for many miles.
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In 1912 a new quarry was opened in the NE. 1 NE. } sec. 30, St.
Cloud Township. The rock is & medium-grained red granite of attrac-
tive appearance. About three-fourths of the feldspars are red and
one-fourth pale green. Quartz is abundant in both clear and smoky
grains. Under the microscope the chief feldspar was identified as
microcline showing microperthitic intergrowth with other feldspars.
A little orthoclase and plagioclase, abundant quartz, and hornblende
in large scattered crystals constitute the remainder of the rock.

Sheeting planes are 8 to 16 feet apart, some horizontal and others
dipping 10° to 15° N. Joints are irregular and in part of the quarry
the rock is badly broken up. The rift is horizontal, and the run north
and south.

Two bands of interlacing green lines about 20 feet apart run east
and west through the quarry. They consist mainly of epidote and
are entirely independent of joints. Other epidote veins follow the
joints, some of which, when traced for a distance, gradually become
closed seams and finally die out. Green lines that follow joints impair
only a little rock, but those that run in interlacing bands obliquely
through the blocks cause considerable waste.

At the present stage of development hand drilling is employed
- and hoisting done by horsepower. Transportation is by team and

wagon to St. Cloud, about 5 miles distant, where the firm operates &

monument shop equipped with stone cutting and polishing machinery

and lathes for turning columns and pillars. The finished rock is sold
"under the trade name of ‘“Red Rock granite.”

About 35 rods northeast of their new quarry, in the NE. } sec. 30,
St. Cloud Township, the firm has excavated in gray biotite granite to
some extent. The rock consists of abundant gray feldspar, quartz in
small glassy grains, biotite, and a little hornblende. It is even
grained and somewhat finer in texture than the typical “St. Cloud
gray’ granite. It has a greenish tinge near the surface, due to altera-
tion by weathering. It differs from the typical “St. Cloud gray”
granite in containing more quartz and plagioclase and no sphene. It
closely resembles the masses of gray rock occurring in several red
granite quarries, notably those of the Empire Quarry Co., Agate
Granite Co., and St. Cloud Granite Works. The quality does not
justify further development. ‘

JONES QUARRY.

The Jones quarry, formerly the Emery, which has not operated for
about 20 years, is a short distance southwest of the Frick & Borwick
Granite Co.’s quarry, in the SE. } NE. } sec. 19, St. Cloud Township.
It was purchased in 1913 by S. A. Jones, who operates a monument
shop in East St. Cloud.

The rock is a red granite similar to others in this region. Three
. diabase dikes, each several feet in diameter, pass through the quarry
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running northeast, and associated with them are numerous hair lines.
A mass of gray granite occurs at the southwest end. The contact is
very indistinct; many masses of red are inclosed in the gray and some
dikes of gray occur in the red. In one spot a pegmatite mass several
inches across contains coarsely crystallized brown mica. As the rock
rises in a prominent dome at this pomt, quarrying may be conducted
with ease. Reopening the quarry is contemplated.

MELROSE GRANITE CO. Q,UARRIES

The Melrose Granite Co. owns a quarry of gray granite in the E. }
SE. % sec. 21, St. Cloud Township. This quarry was opened in 1910
and much rock has been removed, considering the short time since
quarrying began. It is hornblende granite, consisting chiefly of gray
feldspar, prominent hornblende, and blue quartz in scattered grains.
A few grains of pyrite are visible, and are confined mainly to the walls
of seams, Study of a typical specimen with the microscope shows
the minerals present in order of abundance to be orthoclase, plagio-
clase, microcline, quartz, hornblende, mica, magnetlte, and sphene.
It is a fresh, uniform rock.

The excavation is about 250 feet long, 75 feet wide, 6 to 10 feet deep
at the north end and about 20 feet deep at the south, where work is
now begun on the second sheet. At the south end of the quarry the
rock outcrops at the surface, and at the north end the removal of 6 to
10 feet of soil is necessary. A covering of soil protects the rock from
decay. Where exposed at the surface, the rock is stained and partly
decayed or shattered to a depth of 2 to 6 feet; but where protected
by the mantle of soil it is affected to a depth of a few inches only.
Sheeting planes are 2 to 10 feet apart, and are nearly horizontal,
though somewhat undulating. Major joints are 4 to 6 feet apart and

-strike north and east. A few minor joints cross. the major joints at
acute angles, The rock is uniform, medium grained, and of attractive
color. It splits easily and is well adapted for making paving blocks
or curbing.

Three diabase dikes, each about a foot in dlameter and a few
smaller ones were observed. Their trend is northeast and they are
nearly vertical. The rock is altered to a reddish -color for 1 to 5
inches on each side of the larger dikes. The contact effect of diabase
dikes on the granite is very slight. Crystals are fractured and feld-
spars show evidence of considerable kaolinization for 3 or 4 inches
from the contact. Reddish stains occur for about an inch on each
side of the major joints. Black knots are scarce.

The quarry is well equipped with machinery. An unusually large
derrick is operated with steam hoist, and a yard derrick by electric
power. A shed for stone dressing is situated near the quarry.
Dressed blocks are hauled by teams to the siding near the red quarry
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at the west line of sec. 17, from which point they are shipped to large
and well-equipped polishing shops at St. Cloud.

The company also quarry in red granite in.the southwest corner
of sec. 17 and the northeast corner of sec. 20. Of the two pits in
sec. 20, the one farthest to the north is abandoned and full of water.

In the southern excavation the rock is a hornblende granite, con-
sisting of pink feldspar, hornblende, subordinate biotite, and abundant .
quartz, both clear and smoky. The chief feldspar is microcline, with
subordinate orthoclase and plagioclase. It is an exceptionally deep
red attractive rock. Distinet joints strike north and east. Sheeting
planes are few and uneven. One trap dike 3 feet wide trends east
and west. In the northwest part of the quarry many black and
green lines occur, the latter in interlacing bands 4 or 5 inches wide,
running east and west. With the microscope they seem to be epidote
veins, filling minute fractures. A few gray knots were found on
examination to be gray granite inclusions.

" Under crushing stress the first crack came at 9,733 pounds per
square inch, and final collapse at 19,101 pounds. Under transverse
breaking strain the modulus of rupture proved to be 2,291 pounds.

A second quarry now in operation is in the extreme southwest
of sec. 17. Joints in this quarry are northwest and southwest, and
sheeting planes, two of which are 15 feet apart, dip 30° SW., the
northwest joints dipping to make right angles with them. The rift
is horizontal, and therefore when the rock is split on the rift, acute-
angled blocks are.formed with a consequent high percentage of
. waste. The rock is stained red along the joints. The quarries are
well equipped with steam and pneumatic drills and steam hoist. By
means of a siding from the Great Northern Railway, all the rough
dressed blocks are transported to the shops at St. Cloud.

The Melrose Granite Co. opened up a new quarry in 1913 in the
NW. } SW. } sec. 20, St. Cloud Township, a short distance east of
the quarry operated by the Empire Granite Co. The rock is a red
hornblende granite of good color and uniform texture. The feldspars
are flesh red with a few scattered grains of greenish gray. The chief
feldspar is microcline, with subordinate orthoclase and plagioclase,
all the feldspars being perthitic. Clear, transparent quartz is promi-
nent and hornblende is present in small amount. As this is a new
quarry and has attained only slight depth, the feldspars in the rock
so far extavated show considerable alteration.

Jointing is somewhat irregular. The open jomnts trend N. 60° E.,
N. 60° W., and N. 20° W. Blocks 3 to 8 feet across are obtainable
between these open seams. Closed seams, however, are present and
in places are close together. They permit water percolation with
consequent reddish stains. Sheeting planes are also uneven, but
so little excavation has yet been accomplished that their general
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character could not be observed. Unless fewer and more regular
joints are found with continued excavation it is probable that this
pit will prove unprofitable. Steam and pneumatic drills and steam
hoists are employed. ’

Another quarry was opened by the same company in 1913 in the
NW. 1 NE. % sec. 19. The rock is a medium-grained red hornblende
granite of excellent quality. Feldspars are mostly pink, with sub-
ordinate pale green. Quartz is abundant and hornblende in fairly
large grams is uniformly distributed. Most of the feldspar is micro-
cline and is much intergrown with strmgers of other feldspars and
quartz.

Major joints strike north and south, and secondary joints inseveral
directions. All are well spaced for quarrying. Sheeting planesare
more abundant than in most quarries of the region, and this facilitates
excavation. Two sheets 8 to 10 feet thick, now visible, dip about
10° NW. The rock ridge rises about 20 feet above the low marshy
ground, and at the present stage the quarry is of the shelf type. The
northwestward dip of the sheeting planes being toward the front of
the excavation greatly assists the removal of blocks. With the
exception of one small diabase dike trending N. 51° E., no defects
were observed. Steam and air drills are employed and blocks are
handled by a derrick with a steam hoist. Transportation is by team
and wagon to the siding near the northeast corner of sec. 19, about
half a mile from the quarry.

MONARCH GRANITE CO. QUARRY.

South of the Great Northern tracks and west of Sauk River, in the
W. 3 SW. % sec. 8, a large quarry, opened in 1906 and formerly
owned by J. Lilliquist is now operated by the Monarch Granite Co.,
which was organized in 1912. -

The best rock quarried is a medlum-gramed red hornblende
granite of attractive appearance. The feldspar is almost all pink
in color, showing a few grains of the greenish gray so prominent in
some localities. Smoky quartz is abundant. '

, Joints are 2 to 8 feet apart and form two prominent systems, north-
south and east-west. Horizontal sheeting planes are 3 to 12 feet
apart. An open seam dips about 30° to the bottom of the quarry
at about 35 feet, where it becomes horizontal. This has permitted
water percolation and resulted in extreme weathering of the granite
for several inches on each side of the seam. The appearance of
granite decayed to kaolin and mixed with loose grains of quartz and
feldspar in the bottom of the quarry, with firm rock both above
and below is remarkable, and has not been observed elsewhere in
the region.
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A mass of gray rock 8 to 10 feet in thickness where observed, and
of unknown lateral extent, occurs at the northwest side of the ex-
cavation. This gray rock is medium grained and consists of gray
feldspar, black hornblende, and mica, with scattered grains of both
clear and smoky quartz. Orthoclase and microcline are together a
little more abundant than the plagioclase. Quartz is prominent, and
biotite and hornblende form the rest of the rock. It is cut by nu-
merous aplite dikes one-fourth to one-hdlf of an inch across. The
dikes are somewhat porphyritic as seen under the microscope, con-
sisting of abundant quartz and a few microcline phenocrysts in a fine-
grained groundmass of quartz and feldspars

Near the contact the red rock is very porphyrltlc, with reddish-
white feldspars and black hornblende embedded in a dense fine-
grained matrix. Undoubtedly this change in texture is due to the
molten red granite magma meeting the solid gray granite, and con-_
sequently cooling more rapidly near the comparatively cold rock.
Dikes of red granite in the gray also indicate that the red was in-
jected after the solidification of the gray.

Near the contact the shattered nature of the rock and its lack of
uniformity make it undesirable. At some distance from the contact,
however, the rock is even grained and very attractive, becoming a
little darker red at depth. A few dark hair lines were noted, and also
some red streaks where the feldspars were crowded together. Part of
the rock outcrops, and the maximum stripping is about 5 feet of sand
and gravel.

The quarry is equipped with pneumatic drills, and a large derrick

“with steam hoist. Though the Great Northern Railway passes within
25 yards of the quarry, no siding has been built. The rock is hauled
by teams to St. Cloud, 4 miles distant, where the company has a well-
equipped stone dressing and polishing shop.. Pumping is required
to remove accumulated surface water. The finished product in the
form of monuments, columns, and the like is advertised widely under
the trade name ‘ Monarch red.”

NATIONAL QUARRY CO. QUARRY.

The National Quarry Co. began operations in 1913 in the NI.
- SE.%sec.18. An even-grained red hornblende-biotite granite of good
quality is obtained. It consists of pink feldspar, clear to smoky
quartz, and a small proportion of hornblende and biotite. With the
" microscope the chief feldspar was determined as microcline microper-
thite. Quartz is abundant. Hornblende, biotite, and a few grains
of magnetite form the dark part of the rock. Hornblende is shredded
in appearance and somewhat altered. A few minute hair lines were
found to be veins of smoky quartz. The rock is remarkably fresh,
considering the limited depth of the excavation.
95545°—18—Bull. 663——7
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As the excavation is small, only one sheeting plane appears. It is
about 10 feet from the surface. ~Joints strike N. 30° E. and N. 30° W.
Blocks of large size, remarkably free of flaws, are obtainable. The
appearance of rock of such good color near the surface is promising.

A mass of very dark gray rock appears near the west side of the
excavation. = As observed in the quarry it is somewhat similar to that
which is found in the Black Diamond quarry, a short distance to the
north, but is darker in color. Under the microscope, however, it is a
type apparently unrelated to the Black Diamond dark-gray rock. It
is an augite-hornblende-biotite granite, the three dark minerals ap-
pearing in about equal amount. The feldspars are orthoclase and
plagioclase, and quartz is abundant. Owing to the presence of augite
the rock would probably stain easily by weathering if employed where
exposed to the elements. It is also too dark in color to be attractive,
except for contrast with light-colored stone. .

Hoisting was first done by horsepower, steam machinery being in-
stalled in the autumn of 1913. Transportation is by wagon to St.
Cloud, 4 miles distant.

NOREEN QUARRIES.

L. E. Noreen has made several excavations in the NW. 1 NE. }
sec. 28. All the old pits are practically abandoned, and two new ones
were opened in 1913.

The rock in all the excavations is similar. It is & medium-grained
even-textured granite of the typical gray color. Approximately
three-fourths of the rock is gray feldspar, and the remainder is made
up of black hornblende, with a little biotite and fine-grained quartz.
A few minute grains of pyrite are visible. Microscopic determination
proves the rock to be a hornblende-biotite-quartz monzonite. Or-
thoclase and plagioclase, which are present in nearly equal amount
are the most abundant minerals. Quartz is more prominent than
in most gray granites of central Minnesota. Hornblende, biotite,
magnetite, sphene, and inclusions of apatite form the remainder.
Feldspars are somewhat altered but not sufficiently so to impair the
quality of the rock. A few dark-green knots are present and appear
to be segregations of biotite and hornblende partly altered to chlorite.

About 4 rods west of the middle point of the north section line of
sec. 28 and immediately south of the line is an abandoned excava-
tion approiximately 225 by 120 feet and 15 to 25 feet deep. Open
joints are in two prominent systems, north and N. 77° E., and are
spaced 10 to 30 feet apart. Sheeting planes are horizontal and 8 to
12 feet apart. The rock is a little rusty near the surface. Two
types of dikes appear on the quarry wall; small, straight, nearly
vertical white aplites, about one-fourth of an inch wide; and curved,
wavy, red dikes, 1 inch to 2 inches wide with very distinct borders.
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Irregular patches of red granite, 6 inches to 2 feet across, also appear
‘in places. Black knots from the size of a walnut to 6 inches wide
are present but are infrequent. ' They appear to be segregations
composed largely of hornblende. The rock is in bare outcrop,
requiring no stripping whatever. The quarry is abandoned and the
derrick removed.

About 32 rods farther south is a second excavation which has two
large derricks. No rock was excavated in 1913. " Joints strike
N. 10° W., N. 10° E., and N. 50° E., and are spaced 10 to 25 feet
apart. No sheeting planes appear on the 20-foot quarry face. Some
black knots and fine red dikes are present. On a bare outcrop south-
west of the quarry the joints are much closer and moreirregular. Sev-
eral other abandoned excavations in the vicinity are of similar type.

Active operations are carried on in two small excavations, one
south and the other southeast of the abandoned pits. The rock
appears to be of excellent quality and free of blemish. The rift is
horizontal and the run north and south. Close observation discloses
many acute-angled crystals of hornblende pointing north and south
in an indistinct parallelism which may account for the run of the
rock.

Horsepower is employed for hoisting in both quarries. A com-
pressor run by a gasoline engine supplies compressed air for pneu-
matic drills. Transportation is by wagon to St. Cloud, about 2%
miles distant.

NORTHWESTERN GRANITE CO. QUARRIES.

The Northwestern Granite Co. operates two quarries on opposite
gides of the road, onein the NW. } sec. 34 and the other in the NE. 1
sec. 33, T. 124 N., R. 28 W. The one in sec. 34, on property owned
by Mrs. Fischer, was opened in 1890, and great quantities of rock
have been excavated. It is an even-grained gray hornblende-
biotite granite, very free from defects. It consists of light-gray feld-
spar, black hornblende, and mica, and scattered grains of blue quartz.
It is uniform in texture and color.

* The overburden of soil varies from 3 to 13 feet. Sheeting planes
lie 10 to 16 feet respectively from the surface and dip about 10° S.
Open joints trending N. 60° E. are 6 to 20 feet apart; others trending
N. 10° W. are farther apart, 30 to 40 feet in places. Blind seams
occur at intervals between them. One diabase dike 3 to 4 feet in
width runs N. 85° E. through the quarry. A few black knots occur.

The quarry in sec. 33, on property of John Kermeier, is similar to
that in sec. 34. The most prominent joints are N. 65° E.; others are
curved and very irregular. An overburden of 4 to 10 feet of soil has
protected the rock from weathering. The diabase dike exposed in
the quarry in sec. 33 forms the south wall of this quarry, but it
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Impairs the quality of the rock for a few inches only. A few black
knots were noted. Rock is excavated for monument stock and
curbing, and a small amount of it is employed as building stone.

The quarries are equipped with steam derricks, steam and pneu-
matic drills, and are conveniently situated for transportation, the
main road passing between the excavations. St. Cloud is about 4
miles distant.

ROBINSON QUARRY.

A quarry owned by J. B. Robinson in sec. 32 began operations in
1883 and ceased in 1909. The rock rises in a great dome 25 or 30
feet above the general level and covers several acres. It is a coarse-
grai.. d hornblende granite, consisting of pale-pink feldspars, trans-
parent quartz somewhat less abundant than in most St. Cloud red
granite, black hornblende, and biotite.

Under the microscope the feldspars show the effect of weathering
by dusty or cloudy surfaces. Both orthoclase and microcline are
present and are graphically intergrown with quartz; hornblende
with inclusions of magnetite and quartz forms but a small proportion
of the rock. .

There are two prominent jointing systems which trend N. 65° E.
and N. 25° W. Joint planes are 8 to 20 feet apart. Very distinct
open horizontal sheeting planes are 12 to 16 feet apart and are dis-
tinctly advantageous both in blasting and in the removal of blocks.

Owing to the domelike structure the upper part of the rock may
be worked as a shelf or bench quarry, the present excavation being of
this type. The effects of weathering below the upper 6 or 8 feet are
not sufficient to impair the strength of the stone, but, as in many
other places where rock surfaces are exposed, the rock is bleached
to considerable depth, and lacks the deep-red color so much desired
in “St. Cloud” granite for monumental purposes. Owing to the
open sheeting planes and the domelike nature of the outcrop the
quarry is admirably adapted for excavation of building stone.

The color is probably darker red at depth, as in other red-granite
quarries. In a small excavation at the base of the dome, where the.
rock is protected by soil, the color is deeper red. It seems probable
that if deeper quarrying were pursued the upper portion could be
. employed for building stone and the lower for monumental purposes.

Two distinct dikes and a few hair lines were observed. The rift
is horizontal, the run east and west, and the head grain north and
south. The rock takes a fine polish but does not show a good con-
trast between polished and hammered surfaces. A polishing shop,
operated jointly by J. B. Robinson and Robinson Bros., is situated
near the southeast corner of sec. 29. St. Cloud station is 4 miles
distant, and transportation is by wagon. The quarry supplied stone
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for the St. Cloud post office and the lower part of the old Minneapolis
post office.
Physical tests made at the Umverswy of Minnesota geologic labora-
tory show: True specific gravity, 2.643; pore space, per cent, 0.32;
weight per cubic foot, dry, 164.6 pounds.

ROBINSON BROS.” QUARRY.!

Robinson Bros. began excavation of red granite in the SE. } NE. }
sec. 31, St. Cloud Township, in 1909. The excavation is about 30
by 50 feet in extent and is 15 feet deep. The rock is exposed as a
prominent ridge, and the surface rock is consequently pale, becoming
deeper red at depth.

The rock consists chiefly of pink feldspar with a subordinate
amount of pale green. Microcline is abundant, constituting fully
three-fourths of the total mass, the other fourth being hornblende
and clear grains of quartz. The rock is medium grained, of uniform
texture, and is fairly free from blemish. The rock quarried in 1913
shows ewdence of surface alteration but will probably improve in
quahty on deeper excavation.

Joints trendmg east-west are prominent and are 10 to 12 feet apart.
Few joints in other directions are visible. No sheeting planes have
been reached. Two diabase dikes 2 feet wide and 3 feet apart trend
N. 60° E. and dip 60° SE. Black hair lines near the dikes are prob-
ably fine dikes of diabase. In the vicinity of the dikes the rock is
decayed and stained to a much greater depth than in other parts of
the excavation. A few dark knots are scattered throughout the.
quarry.

The equipment consists of an air compressor, operated by steam
- power, and a quarry derrick and yard derrick, both operated by
horsepower.

Robinson Bros. operate a monument shop about a milo from the
quarry at the southeast corner of sec. 29. The shop is about 4 miles
from St. Cloud.

ST. CLOUD GRANITE WORKS QUARRIES.

The St. Cloud Granite Works operates a red granite quarry in the
SE. 1 SW. { sec. 17. The excavation is about 75 feet deep.

The rock is a medium-grained hornblende-biotite granite, consisting
of pink feldspar with a small admixture of pale-green feldspar, black
hornblende, and subordinate biotite, together with both clear and
smoky quartz. The chief feldspar is microcline. In places grains
of hornblende and quartz form inclusions in the larger feldspar
crystals. The rock is similar to that excavated at the Empire Quarry
Co.’s new quarry.

11n 1915 the company was reorganized as the Keystone Granite Co.
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Major joints strike N. 10° W. and N. 80° E. and are widely spaced.
A few minor joints cross these obliquely. The first sheeting plane
is about 10 feet from the surface, and the rock, except where protected
by a covering of soil, has been altered down to this plane. On the
other hand, where a depth of 6 feet or more of soil protects the surface
the rock is unaltered ' 4

One band of partly decayed rock runs N. 80° E. throucrh the quarry,
and is useless even to the bottom of the quarry, bemg stained and
decayed by water percolation in open joints. Two diabase dikes,
the largest of which is 3 feet across, pass N. 55° E. through the quarry.
A few hair lines trend generally east and west. At the west end of
the quarry a mass of gray granite is in sharp contact with the red.
The run is east and west instead of north and south, as it is in most
quarries. An abundance of high grade rock is produced and the
quarry is in good condition for further development.

Steam and pneumatic drills are employed, and two large derricks
are operated by steam power. The rock is transported by wagon
for about 34 miles to St. Cloud, where the company operate a very
large shop equipped w1th stone dressmg and polishing machines and
lathes.

The St. Cloud Granite Works also owns a gray granite quarry in
the SW. % SE. 1 sec. 21, St. Cloud Township. The rock is made up
chiefly of gray feldspar crystals, some of which show distinct stria-
tions, but contains a few reddish feldspars, which give it a faint red
tinge when observed closely. Scattered grains of blue quartz con-
stitute a rather unusual feature of the rock. Hornblende and biotite
constitute the darker portion. '

With the microscope orthoclase was observed as the most abundant
feldspar, though plagioclase is prominent. Sphene, magnetite, apa-
tite, and zircon are accessory constituents. The rock has suffered
little alteration. Black knots are numerous and appear to be segre-
gations of hornblende and biotite. ‘‘White knots” in the form of
large white feldspars appear in places, but otherwise the rock is even
grained and uniform in coloi.

SCHWAB QUARRY.

A quarry operated a number of years ago in the W. 1 SW. % sec. 8,
north of the Great Northern tracks and west of Sauk River, is owned
by C. D. Schwab, president of the Farmers’ State Bank of St. Cloud.
A pit about 50 feet in diameter is now nearly full of water so that
observations were confined to the upper portion of the excavation, the
stripped outcrop, and bhe waste heap. Both red and gray rock were
quarried.

The red rock is a hornblende granite, red feldspar forming more
than half the mass, the remainder being chiefly quartz and- horn-
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blende. Orthoclase and plagioclase are both present and are very
‘much intergrown, forming a microperthite. - Small grains of magnet.-
ite and inclusions of apatite are common. The rock is medium
_ grained, the crystals being one-half to one-fourth of an inch in.
diameter.

The gray rock consists chiefly of greenish gray feldspar, which
forms more than half the rock; quartz, roughly estimated at 20 per
cent, hornblende, and biotite, the biotite being more abundant than
in the red rock. The gray is finer grained than the red, the crystals
averaging one-sixteenth to one-eighth of an inch in diameter.

North-south joints are vertical and 8 to 20 feet apart. East-west
joints are similarly spaced and dip about 20° S. The texture is fairly
uniform, but a number of cavities and small pegmatite masses are
found. Small quantities of pyrite (FeS,), pyrrhotite (FeS), and
fluorite (CaF,), all of which are uncommon in the St. Cloud region,
are mingled with the quartz, feldspar, and mica.

Throughout a considerable area the red and gray types are mixed.
Indistinet dikes of the red occur in the gray, and masses of gray are
inclosed in the red. Boundaries between the two are very indistinct,
and in places a gradual transition can be traced from one to the other,
the mixed zone ranging in width from a few inches to several feet. In
consequence of this, masses of rock occur which are neutral in
color and can be placed with neither type. Atsome distance from the
contact red rock of good quality may be obtained. A few black hair
lines were observed. Although the quarry is close to the railroad no
siding has been constructed. St. Cloud is about 4 miles distant.

SIMMERS & CAMPBELL QUARRIES.

Simmers & Campbell are pioneer granite workers of the St. Cloud
region. A. M. Simmers formerly operated a quarry in Rockville.
Present operations are in the NW. 1 SW. 1 sec. 17, St. Cloud Town-

*ship, where three large excavations have been made. The one far-
thest east is 96 feet deep and is now abandoned and full of water.
Work is now carried on in two excavations which are close together
and will shortly be united into a single opening. The rock, a red
granite, rises in a dome about 40 or 50 feet above the general level.

In thin section microcline is the chief feldspar, with orthoclase and
plagioclase subordinate. The latter, from its small extinction angle,
appears to be oligoclase. The feldspars show characteristic micro-
perthitic intérgrowth. Quartz is abundant. A small amount of
hornblende, biotite, and a few grains of magnetite form the darker
portion of the rock. Though the specimen was taken from about 55
feet below the surface, the feldspars show kaolinization, though not
sufficiently to impair the quality of the stone.
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Vertical major joints strike N. 2° W., and a second series dipping
85° to 88° N. strikes N. 85° W. Jomts are spaced 6 to 10 feet apart.
Sheeting planes are spaced about 20 feet apart and dip about 30° N.
A small mass of gray granite occurs near the north side of the pit. A
few dark knots appear and are more plentiful near the surface than at
depth. Hair lines are numerous, though fortunately they are con-
fined to one band of rock about 20 feet across. They contain, as
identified with the microscope, epidote, needle-like crystals of plagio-
clase, and a very few crystals of olivine. Evidently they are diabase
dikes altered almost beyond recognition and are probably offshoots
of the larger dikes. '

A dull rusty gray streak several inches in width, known locally as

“jasper band,” passes diagonally through the quarry and appears,

1/9/ [/1\ g

FIiGURE 13 —South wall of Simmers & Campbell quarry showing an inclined Joint on one-half of the quarry
face and a nearly vertical joint on the other half,

from microscopic evidence, to be a band of stained rock due to weath-
ering by water percolating along an oblique incipient seam. A

4-foot dike running N. 85° E. forms the south wall of the pit. A few
pyritiferous smoky quartz veins with crushed zones of country rock
along their borders appear in places. :

The smaller excavation was opened up more recently on the north
side of the steep rock bluff. Though now worked down somewhat
below ground level, it presents the appearance of a shelf quarry.

An unusual occurrence of joints is shown in figure 13. The eastern
half of the quarry wall follows an inclined joint dipping 55° N., and
the western half a joint dipping about 88° S. The eastern plane is
probably related to°the system of inclined sheeting planes in the
adjacent quarry. Vertical joints range from N. 4° W. to N. 15° W,
and are spaced 15 to 20 feet apart at the east and 2 to 6 feet apart at
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the west side of the pit. The rock in this quarry is free from dikes
and ““jasper bands” and is of good quality.

Steam and pneumatlc drills and a steam hoist are employcd
Transportation is facilitated greatly by a siding from the Great
Northern Railway, which is so conveniently placed that the rock may
" be loaded directly on the cars by the quarry derrick at the larger
excavation. A large polishing shop is situated in St. Cloud City.
The rock is placed on the market under the trade name ‘“North Star
granite.”

STREIT7 BROS. QUARRY.

Streltz Bros operate a gray granite quarry in the SE. } SW. %
sec. 21. The excavation is about 150 feet long and 60 feet wide. At
the north end the rock outcrops at the surface, but at the south end
4 to 8 feet of soil is removed.

The rock is uniform and of attractive appearance. It is a horn-
blende-biotite-quartz monzonite, consisting of orthoclase and plagio-
clase, with subordinate microcline; hornblende, biotite, and a few
scattered grains of magnetite, and quartz in'small amount filling inter-
granular spaces. Apatlte 1nclus1ons are common. The feldspars are
slightly kaolinized.

The chief joints strike north and east and are far apart, 40 or 50
feet in places. One sheeting plane appears on the 15-foot quarry face.

- Near the south end of the excavation a number of small parallel aplite

- dikes strike N. 60° E. Two diabase dikes about 2 feet wide trend
N. 60° E. Steam is employed for pumping and running the air com-
pressor, and hoisting is done by horsepower. Nearly all of the waste
rock is sold for rubble. Transportation is by wagon to St. Cloud,
about 24 miles distant.

Southwest of the quarry, on the south line of sec. 21, a prominent
ridge of gray granite was .excavated many years ago. Aplite dikes,
black knots, and irregular seams are numerous. North of the ridge

~ the rock surface drops to the level of the fields and outcrops in several
places. Here, as far as could be observed, it is of exce]lent quality,
and promises well for future development.

UNDEVELOPED OUTCROPS,

The outcrops (see PL I) are described in the numerical order of
the sections.

Sec. 2.—1In the NW. 1 sec. 2, about 7 rods south of the Sauk Rapids
Bridge, an outcrop of gray granite is cut by diabase dikes and granite
porphyry. The rock appears along the river margin at the base of
the steep bluff and juts out beneath the river, forming a rapid. On
account of the heavy overburden of drift and the lack of uniformity
in texture, this rock is probably of little economic importance.
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Sec. 8.—A few rods south of the Great Northern Railway bridge
across Sauk River a patch of granite rises a little above the ground
level and then disappears beneath the river. Its area is about 6
square rods. The rock is red granite, similar to that excavated by
the Monarch Granite Co., 40 rods farther west. It lies at so low a
level and is so close to the river that it would be difficult to keep it
drained, especially in seasons of high water.

Sec. 17.—About 280 rods north and 252 rods west of the southeast
corner of sec. 17, close to Sauk River, granite rises about 15 feet
above the water. Its western part, a little of which has been quar-
ried, is a gray granite, somewhat porphyritic in texture, with pheno-
crysts of microcline. Quartz is not prominent. Biotite, which is
the more abundant dark mineral, appears to be secondary from alter-
ation of hornblende. The texture is not very uniform. A north-
south system of joints is spaced 3 inches to 6 feet, and a N. 88° E.
system is spaced somewhat more widely. On account of close joint-
ing and lack of uniformity in color and texture further excavation
is unlikely.

About 10 rods to the northwest is a similar outcrop about 2 rods
across.

About 11 rods farther south an outcrop of red granite apprommates
12 by 8 rods in extent. - Major joints striking N. 10° W. are closely
spaced; secondary joints, N. 80° E., are few in number A few
oblique minor joints were noted. The rock is thus divided into
small and irregular blocks which can not be quarried to advantage.
It is uneven in texture and is intruded by red aplite (fine-grained
granite) dikes.

Sec. 18.—North of the railroad, near the junction of the Simmers
& Campbell spur track, there is an outcrop about 8 rods wide of mixed
coarse red and fine gray granite, closely jonted, and consequently
of little use for monumental purposes.

About 92 rods north and 40 rods west of the southeast corner of the
section & prominent dome 48 by 24 rods in extent rises about 30 feet
high. The northeastern third is a fine-grained red granite, and the
remaining two-thirds a medium-grained gray granite. A 6-inch
pegmatite dike, which runs irregularly through the gray, con-
sists of quartz and coarse crystals of feldspar, together with yellow-
green epidote, probably of secondary origin. In thered granite also
is a pegmatite dike consisting mainly of feldspar. Joints in the red
strike N. 10° W. and N. 80° W. In the gray a prominent system
strikes N. 15° W., and cross joints, few in number, strike irregularly.
In both rocks they are closely spaced. Some of the gray rock has
been quarried.

About 40 rods to the southwest is the edge of an outcrop covering
several acres, the largest in the section. Rocks of four distinct ages
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occur. The oldest is a typical ““St. Cloud gray” granite, which is
intruded by typical coarse-grained ‘“St. Cloud red” granite, this in
turn by red aplites, and all three by a diabase dike. The Great
Northern Railway crosses the southwestern end of the granite in a
cutting about 10 feet deep. :

At the northern part of the outcrop a deserted quarry pit, known
as the Drake quarry, was once connected with the railroad by a spur
track. ~ At the pit the rock is a uniform gray granite of good quality,
consisting, in descending order of abundance, of orthoclase, plagio-
clase, quartz, microcline, hornblende, biotite, and magnetite. Feld-
spars show considerable alteration to kaolin. Joints strike N. 20° W.
and N. 65° E. and are 6 to 20 feet apart. A 2-foot diabase dike, run-
ning parallel with the second set of joints, forms the southern wall of
the excavation. The rock is intruded by a few granite dikes, which
are more abundant near the surface than at the bottom of the pit. A
few black knots appear. The excavation is approximately 120 by
60 feet in area and is 15 to 20 feet deep.

The remainder of the outcrop west of the pit is chiefly of red gran-
ite, though its northern part contains a little gray rock. The main
mass is coarsely even-grained granite of the characteristic ‘“St. Cloud
red” type. Intruded into this are masses and dikes of red granular
aplite, which, under the microscope, is seen to consist of orthoclase,
plagioclase, microcline, quartz, hornblende, biotite, and magnetite.
The quartz is granular in rounded grains with distinct boundaries
like the quartz of a sandstone. Inclusions of apatite are abundant.
There is some evidence of flow structure. The fine-grained aplite is

“cut by numerous joints with different trends, so closely spaced that
only small diamond-shaped pieces could be obtained. Joints in the
coarse red rock are widely spaced, and some of it has been quarried.
The presence or absence of aplites will probably decide whether
quarrying will be profitable or unprofitable.

About 24 rods north and 40 rods west of the southeast corner of the
section, south of the railroad, is an outcrop of mixed red and gray
granite with numerous joints.

About 25 rods north and 170 rods west of the southeast corner of the
section a small though prominent outcrop of coarse red granite rises
about 20 feet above a level field. On account of its exposed position,
its joints are forced open by frost, and the rock, so far as visible, has
reached an advanced stage of decay. The character of the unaltered

" rock can not well be judged. '

Sec. 19.—¥A conspicuous dome surrounded by cultivated fields
rises about 92 rods east of the Pioneer Granite Co.’s quarry in the
NW. 1 SW. { sec. 19. The rock is a pale-pink granite porphyry
consisting of feldspars a quarter to a half inch across, embedded in
a fine-grained granite groundmass. With the microscope the
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phenocrysts are seen to be of orthoclase and the groundmass an
intergrowth of orthoclase and plagioclase (a microperthite) together
" with a very little hornblende, biotite, quartz, and magnetite. The
rock is not attractive in appearance.

About a fourth of a mile to the north, close to the railroad, part
of the smaller of two sma]l outcrops of similar rock was quarried
many years ago.

About 144 rods north and 212 rods west of the southeast corner
of the section is an outcrop of red hornblende granite. In texture
it lacks uniformity, the feldspars being so large as to be almost
porphyritic in places. It has reached such an advanced stage of
decay that the quality of the fresh rock can not be ascertained with-
out development work. Orthoclase, plagioclase, microcline, quartz,
hornblende, biotite, magnetite, and apatite are the minerals present,
in order of their relative abundance.

A small outerop appears close to the rallroad 292 rods north and -
121 rods west of the southeast corner of the section. It is of the
typical red type and is intruded by a few red aplites. A few green
and black hair lines appear. Joints strike N. 83° E. and N. 15° W.
and are 3 to 7 feet apart. :

An area of red granite occurs with the center of the outcrop approxi-
mately 252 rods north and 93 rods west of the southeast corner. It
is separated by a ravine from the prominent area to the north where
the Melrose Granite Co. opened up a new red granite quarry in 1913.
The rock is even grained and is free from diabase dikes and hair
lines. The intrusion of fine-grained red granite dikes 6 to 20 feet
across constitutes the most serious impediment to successful quarrying.
Microscopic observation of the intrusive dikes exhibits the same min-
-erals as occur in the coarse red granite, viz, orthoclase, microcline,
quartz, hornblende, and a subordinate amount of plagioclase and
biotite. The dark minerals are scattered throughout in fine grains.

Before opening up a new quarry in this area extreme care should be
taken to ascertain the probable extent of rock free of aplite dikes.
Undoubtedly areas of sufficient size may be found. In the area to
the north the red dikes also occur, but the Melrose excavation reveals
a mass of exceptionally pure and flawless rock.

Sec. 20.—A long outcrop crosses the south section line at its center
and extends about 65 rods north and 50 rods southwest of theline. 'The
rock rises as a bare bluff facing the east and is wooded and drift-
covered to the west. Where observed the rock is similar to that
excavated by the Agate Granite Co. a short distance' to the east.
No attempt has been made to investigate the quality of the rock at
depth.

About 224 rods west of the southeast corner is a rugged dome of
granite about 50 feet high, extending 40 rods to the north. Its
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summit affords an excellent view of the rough, rocky, and wooded
country which extends 1} miles to the south and southeast. The
rock is a medium-grained red hornblende granite. Unlike most of
‘the “St. Cloud red” granites, in which more or less greenish feldspar
is present, almost all of the feldspar of thisrockisred. The remaining
constituents are abundant glassy quartz and black hornblende.
The deep-red color and uniform texture are attractive characteristics.
Major joints striking N. 10° W. are 3 to 10 feet apart, and secondary
joints, striking N. 65° E., are spaced 4 to 18 feet apart. Irregular
minor joints were noted. In the eastern part of the outcrop a num-
ber of fine-grained red aplite dikes range in width from half an inch
to 8 inches. Near the north end a small pit was made, but at this
point the rock is pale in color. Apparently rock of fine quality is
available in the southern part of the outcrop, but its inaccessibility
is a serious drawback.

An outerop of gray granite 266 rods west of the southeast corner is
intersected by numerous red dikes. A 2-inch diabase dike runs
northeast.

About 144 rods north of the southwest corner is a small outcrop
of red granite close to the section line. The rock is of fair quality,
though some hair lines appear. A little stripping has been done.

Two quarry pits were worked at one time on a bluff 40 rods north.
and 213 rods west of the southeast section corner. The quarry pits
are near the top of the bluff and are visible for a long distance to the
east. The rock is red granite similar to that quarried at Holes
Bros’. old quarry. '

Sec. 28.—About 208 rods north and 321 rods west of the southeast
corner are two small abandoned quarry pits in ap outcrop of gray
granite on property owned by Robert Graham. The exposureis .
about 50 rods in diameter. The rock is somewhat porphyritic, con-
taining many relatively large hornblende crystals. Joints strike
north and N. 80° W. and are 3 to 8 feet apart. Sheeting planes are
12 feet or more apart. The rock is intersected by reddish-white
aplites. Black knots in the form of hornblende segregations half
an inch to an inch wide appear in places:

A smaller outcrop appears in a thickly wooded area 224 rods north
and 86 rods west of the southeast section corner. A small excavation
has been made near the north end. The rock is a fairly uniform gray
granite cut by a number of aplite dikes.

About 213 rods north and 186 rods west of the southeast corner of
the section is a ridge of medium-grained gray granite 65 rods long
and Tising ‘about 15 feet high. Joints are irregular in direction,
though favorably spaced. The rock is cut by irregular aplite dikes
one-fourth to one-half inch across and by a 6-inch red granite dike.
A 3-inch diabase dike cuts the granite ridge with a trend northeast.
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In the NW. % sec. 28 are two small outcrops of coarse-grained
gray granite. Some of the western mass has been quarried.

Sec. 29.—A larger area of rock is exposed in sec. 29 than in any
other section in the township, and transportation is not a serious
problem; but the unfortunate intrusion of red granite in the gray and
the later intrusion of red aplites add greatly to the uncertainty of
quarrying. There are a great many outcrops but no working quarries.

Twenty-four rods north of the southeast corner, the road, which
here follows the section line, crosses an outcrop about 32 rods north -
and south at its widest point and 52 rods long. Observed in a small

quarry pit close to the
N . road the rock is dark
2 gray in color, medium
grained, and of uni-
form texture. A few
black knots are pres-
ent. Numerous dikes
of red granite cut
through the gray.
(See P1. VII, B, p. 61.)
Some of them are fine
grained near their bor-
; 2 ders and pegmatitic in
7= - Y the center. (See fig.
Gray granite, — 14.) The dikes range
NI from one-fourth of an

- !, . .

r= inch to 6 inches across
and are very irregular
both in direction and
distribution.
1FooT Southwest of this
lies a second ridge, 52
rods long and 26 rods
wide, of a red granite,
medium grained and apparently of good color, though observation
could be made only of weathered surfaces.

The center of a third outcrop is 38 rods north and 128 rods west
of the southeast corner. The rock is a gray granite similar to that
24 rods north of the southeast corner. Major joints strike north
and east and are 2 to 15 feet apart. A minor system strikes N. 50°
W. The exposure is traversed by irregular dikes of red granite.
Several small outcrops adjoining this are of similar type.

A prominent though small dome of red granite is 108 rods north and
80 rods west of the southeast section corner. It rises about 25 feet
above the surrounding cultivated fields. Irregular joints are numerous.

NS
Lo

FI1GURE 14.—Characteristic red granite dike in gray granite 47 rods
north of southeast corner of sec. 29, St. Cloud Township, Minn.
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At the cenfer of the section an outcrop of gray granite 32 by 58
rods in extent has been successively intruded by red granite, red
aplite, and diabase. The eastern part of the area is red granite,
medium grained, and apparently of good color. Joints strike N.
25° W. and N. 80° W. and are well spaced. It is probable that
good quarry rock could be obtained here. Farther west a gray '
‘vramte is traversed by a mosaic of red dikes and consequently is
quite useless as a monumental stone. Near the contact masses of
gray rock are inclosed in the red. At one point the mass of coarse
red granite is cut by a red aplite dike which shows concentric flow
lines, indicating viscosity in the magma at the time of injection. It
probably represents the final stage of red magma intrusion. The
whole mass is cut by a 23-foot diabase dike running northeastward.

The center of a large outcrop of gray granite is approximately 200
rods north and 224 rods west of the southeast section corner. The
area is about 64 by 48 rods in extent, and is domelike in, structure,
rising to a considerable height in the center. A scrubby forest
growth covers a large part of the area, with numerous patches of
bare rock appearmg

" The rock is an even-textured gray biotite granite, cut by numer-
ous dikes of red granite. It is medium grained, the feldspar crystals
being one-eighth to one-fourth of an inch across. Very little quartz
is present. Near the north side of the area a red aplite shows curved
flow lines. Many years ago paving stones weré quarried in the south-
eastern part of the dome. Therock at the abandoned pit is intersected
by red granite dikes and quartz epidote veins. In the southwest part
of the outcrop two large deserted quarry pits show a gray granite
composed of orthoclase, plagioclase, microcline, hornblende, biotite,
quartz, magnetite, and sphene. Numerous dikes of red granite mar
the rock for monumental purposes. Pegmatites are of common
occurrence. They consist of coarse feldspars, quartz, and brown
mica in lathlike crystals. Black knots are numerous; most of the
smaller ones appear to be biotite segregations, but some of the larger
are angular inclusions of garnetiferous biotite schist, caught up by
the gray granite magma which solidified around them. (See fig. 7
p- 60.) The rock is suitable for paving blocks or building stone but
not for monumental purposes. ‘

A small outcrop 100 rods north and 300 rods west of the southeast
corner is of mixed red granite and gray granite of inferior quality.

The section line crosses a small outcrop 116 rods north of the
southwest corner. The southern part is gray granite intersected
by red dikes and the northern part is red granite. Major joints
striking N. 30° W. are very close, 1 to 3 inches apart; those of a
secondary system, striking N. 60° E., are 4 inches to 1 foot apart.
Two 4-inch diabase dikes trend N. 65° E. and N. 22° E.
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From the middle of the west section line a ridge extends 128 rods
northeast. The eastern end of the ridge is gray granite cut by red
dikes, the two types being so mixed that uniform rock could not
readily be obtained. A little west of this; and continuing through
the central portion of the ridge, red granite only appears. Farther
west the rock is of mixed red and gray, intersected by close joints.
The best rock is in the central part of the ridge, but the occurrence
of gray granite close at hand both to the east and west, makes the
outlook poor for successful operation.

A steep dome of rock rises about 30 feet above a slough 272 rods
west of the southeast section corner. Both red and gray rock occur
and are probably too greatly mixed to be of value, though possibly
considerable areas of each could be found fairly free of the other.

The final area to be described in sec. 29 is about 40 by 24 rods
in extent and its center lies at a point approximately 222 rods north
and 28 rods west of the southeast section corner. The western part
is of gray granite cut by many red granite dikes and quartz veins and
contammg schist inclusions. The eastern part is of red granite,
variable in texture. Two diabase dikes, one 3 feet wide, and the
other narrower, trend N. 40° E. The wider dike narrows to a point
toward the southwest and disappears. The diabase is later than
both the red and the gray granite. On account of the unfortunate
mixing of the two types, the lack of uniformity in texture, the close
]omtmg, and the quartz veins the area is probably of little value for
quarrying.

Sec. 30.—About 64 rods north and 64 rods west of the southeast
section corner an outcrop covering an acre rises about 15 feet above
the surrounding region, which on all sides for about a third of a mile is
covered with scrub oak and a ‘second growth of willow and poplar.
The eastern part is a medium-grained red granite of attractive color.
Joints are in one system only, N. 85° E. The following spacing
between joints was observed from south to north, near the east end of
the outcrop: 3, 3,2, 12, 12, and 15 feet. The rock is remarkably free
from defects, no hair lines, dikes, or knots appearing. The western
part of the ridge is of gray granite, the actual contact between it and
the red being covered by a strip of drift, near which the red granite
is very fine grained. Surface conditions indicate that good monu-
mental red granite may be obtained in the eastern part of the ridge.

- About 175 rods north of the southeast section corner a small out-
crop extends from the section line 8 rods to the west. It consists
of gray granite intruded by numerous dikes of red granite.

The center of an extensive outcrop of coarse red granite falls about
160 rods north and 64 rods west of the southeast corner. Major joints
6 inches to 1 foot apart strike N. 40° W. Secondary joints striking
N. 40° E. are 3 to 8 feet apart. Close jointing is a serious imperfec-
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tion. Quartz veins about one-fourth of an inch across follow the open
joints in some places. Several smaller outcrops in the same neighbor-
hood are of similar type.

~ A small outcrop near the center of the SW. § sec. 30is a very pale red
hornblende-biotite granite, greatly decayed. It consists of ortho-
clase, plagioclase, a little microcline, quartz in rounded grains with a
somewhat granular texture, hornblende, biotite, and magnetite.

About 250 rods north and 213 rods west of the southeast corner
about one-half mile west of Holes Bros.” new quarry a large dome of
granite covers several acres. 'The northern part is a light-gray fine-
grained granite, and the southern part a red granite of fair quality,
though the coloris pale. The color will probably improve with depth.

On the north section line, 92 rods west of the northeast corner, a
dome of red granite about 20 feet high was quarried in several places
many years ago by Frick & Borwick, The color is paler red than most
‘of the ‘‘St. Cloud” stone, and for this reason operations ceased. It
is probable that the exposed nature of the bluff has resulted in
bleaching. .

Sec. 32.—A small outcrop of red granite occurs close to the sec-
tion line 234 rods nqrth of the southeast section corner. Joints strike
N. 10° W., N. 30° W., and N. 60° E., and are closely spaced. The
rock is cut by numerous east-west epidote veins.

Several small outcrops to the north and others to the southwest are
so much decayed that no definite conclusions could be reached
regarding their quality.

The center of a prominent exposure lies about 300 rods north and
96 rods west of the southeast corner. The ridge is about 64 rods east
and west, 16 rods wide, and rises about 20 feet high. It is mainly of
gray hornblende-biotite granite. Major joints strike N. 10° W.;
others are very irregular, and all are spaced far apart. Dikes of red
granite and aplite are common. The color is not atfractive. The
western end is a mass of red granite, which while fairly uniform and
free from defects is rather pale in color.

From the center of the north line of sec. 21 an extensive outcrop
runs about 56 rods southwest. Toward the east it divides into two
ridges, the eastern end of each being a medium-grained red granite
and the remainder gray. Major joints in the red rock average 5 or 6
feet apart and strike N. 10° E. A few secondary joints cross at
irregular intervals and in various directions. A 6-foot diabase dike
striking N. 50° E. and a 5-foot diabase dike striking N. 40° E. cut
both red and gray rock. The rock is probably of little economic
value.

About 292 rods north and 220 rods west of the southeast corner is a
small ridge which was excavated for a short time and then aban-
doned. The rock is a medium to coarse grained pale-red hornblende

95545°—18—Bull. 663——8
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granite. Feldspars form the greater part of the rock and are of two
distinet kinds, the most prominent being flesh-red and the other which
is present in considerable amount, being pale green. Under the
microscope the prominent feldspars are orthoclase and microcline
with subordinate plagioclase. Quartz is. abundant. Hornblende,
biotite, and magnetite form a very small portion of the total volume.
The presence of the magnetite is not detrimental, for it is a stable oxide,
not likely to cause stains. The rock is intersected by many irregular
open joints. Stains occur along the joint planes, and in places pene-
trate the rock for several inches. The most serious imperfection is
the presence of blind seams, known among quarrymen as ‘‘slick
seams,” which run obliquely to the main joints and are invisible in
the undisturbed rock mass. On blasting, however, they open up,
forming many small angular fragments. Some hair lines and a few
dark knots occur. In the western part of the outcrop numerous dia-
base dikes, half an inch to 6 inches across, trend approximately
N. 65° E. Eighteen dikes were counted in a distance of 20 feet.
They are confined to one band of rock, the southern part of the expo-
sure being free of them.

About 24 rods to the south is a small outcrop, a little of which is
excavated. A large diabase dike passes N. 70° E. along one side of
the pit, and near it are numerous hair lines. The rock is pale-red
granite, but it probably improves in color with depth. Microscopic
examination exhibits two prominent minerals, microcline and quartz
forming nearly all of the rock, with subordinate orthoclase, biotite,
and hornblende. The microcline is perthitic.

About 40 rods south of the northeast section corner a ridge of
red granite runs from the section line 32 rods east. Near its eastern
end is an area of gray granite, near which the red rock is much finer
grained. The rock is of fair quality though rather pale. A small
quarry pit was made at the western end.

South of this are several small outcrops of gray granite that are
seriously injured by the presence of several diabase dikes.

Sec. 33.—There are fow outcrops in sec. 33. A quarry is operated
by the Northwestern Granite Co. near the center of the eastern
section line and quarries owrned by John Doerner and Morgan
Flaherty & Son are located on rather prominent outcrops in the
extreme northwest.

Gray granite about 100 feet across outcrops 268 rods north and
40 rods west of the southeast corner of the section. As observed in
a small excavation the rock is a gray hornblende-biotite granite,
similar to that quarried by the Northwestern Granite Co. It con-
sists of orthoclase, subordinate plagioclase, a little blue quartz,
hornblende, biotite, and numerous grains of magnetite and sphene.
The feldspars are slightly kaolinized and about half of them are pale
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pink, giving the rock a reddish tinge. The rock is of good quality
as far as could be observed. Some of it has been quarried.

"A second outcrop is about 8 rods south of that on which John
Doerner’s quarries are situated in the NW. } NW. } of .the section.
It is a gray granite intruded by granite porphyry. The porphyry
is cut up into small angular blocks by numerous joints. Major joints
strike N. 5° E. and secondary joints N. 53° W. and N. 65° E., the
three systems thus meetmg at about 60°. The rock in this outcrop
is probably of little economic value on account of its different textures,
close jointing, and intrusions.

Sec. 34—An outcrop of gray granite covering 50 square rods is
~ situated 240 rods north and 296 rods west of the southeast corner.
- Joints strike N. 85° W. and N. 10° E. and are spaced 3 to 10 feet
apart. The rock appears-to be of good quality.

About 14 rods farther west is a very small exposure of similar rock.

ST. JOSEPH TOWNSHIP (T. 124 N., R. 29 W.).

PIONEER GRANITE CO. QUARRY.

On the site of the old Baxter quarry in the NE. } SE. { sec. 24, the
Pioneer Granite Co. began operations in 1913. The rock is a coarse-
grained red granite, paler than the typical “St. Cloud red’’ but
deeper red than the “Rockville” granite. It is of the latter type.
A few dark knots consist of both red and greenish feldspar and
abundant hornblende and biotite. They are much finer grained
than the main quarry rock. Feldspar forming about three-fourths
of the rock is mainly pink with a subordinate amount of greenish-
white.

Under the microscope the minerals present in the typical granite
are, in order of abundance, microcline, quartz, orthoclase, horn-
“blende, biotite, and plagioclase. The feldspars show considerable
microperthitic intergrowth. ” Hornblende and biotite are in large
flakes and grains, which are much broken up and contain many inclu-
sions of quartz and feldspar. Some of the feldspars contain inclu-
sions of dark minerals. -The knots are segregations of hornblende
and biotite. '

Three prominent jointing systems occur: N. 5° E., N. 60° E., and
N. 60° W." Minor joints cross in different directions. The jointing
planes are widely spaced and permit the quarrying of large blocks.
One diabase dike about 3 inches wide was observed to trend N. 30° E.
A few black to greenish hair lines were determined under the micro-
scope to be veins of epidote and chlorite.

Physical tests showed that under crushing stress the first crack
came at 9,395 pounds per square inch and final collapse at 15,712
pounds. TUnder transverse breaking strain the modulus of rupture
proved to be 2,596 pounds per square inch, -
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The rock is excellent for building purposes, being strong, durable,
and attractive. It takes a good polish and as joints are far apart
long pieces for columns or spires may be obtained. Two columns,
each 191 feet long and 22 inches in diameter, were obtained in 1913 .
for the Zapp State Bank, St. Cloud. (See Pl. VIII, A and B, p. 66.)
The turning and polishing were done at the Rockville Granite Co.’s
shops in Rockville.

Stone from this quarry was used for the basement and approaches
of the State Capitol, St Paul. During 1913 and 1914 rock was sup-
plied for the steps of the Gateway Park Building and trimming
for the Ford Motor Works, Minneapolis, for the basement of the
Menominee post office, Wis., and the Olympia Building, Winnipeg.

Steam power is employed for hoisting and deep drilling. A siding
from the Great Northern Railway greatly facilitates transportation.

UNDEVELOPED OUTCROFS.

One outlying outcrop of considerable extent is situated in the
NE. % NE. £ sec. 26, St. Joseph Township, on land owned by John
Undersander. It is close to the Great Northern Railway connect-
ing St. Cloud with Rockville. The rock rises about 20 feet above
the track and covers about an acre. It is medium to coarse grained
and is pale pink in color. It consists of pale-pink feldspar, horn-
blende, biotite in small flakes and masses, and abundant quartz
in medium-sized clear glassy grains. The feldspars contain many
inclusions of quartz, biotite, and hornblende, large enough to be
seen with the naked eye. In thin section the largest feldspars are
~ seen to be microcline; orthoclase and plagioclase are subordinate in
amount. Hornblende and biotite are the prominent dark minerals,
the latter associated with magnetite grains, Apatite crystals are
common and of unusually large size. In uniformity of texture, size of
grain,and color the rock is similar to the “ Rockville”’ stone. Though
it has not yet been quarried its similarity to the “Rockville’’ stone
and the excellent facilities for its railroad transportation suggest
its use for structural purposes.

ST. WENDALL TOWNSHIP (T. 125 N, R. 29 W.).

There are no active quarries in St. Wendall Township, and all the
outcrops are of gabbro or closely related types.

Near the center and in the SE. % sec. 12 and the NE. % sec. 13 several
short ridges of medium to coarse grained olivine gabbro rise a few
feet above the general level. The most prominent of these is near the
southeast corner of sec. 12, on the property of C. L. Atwood, of St.
Cloud. Itreachesan elevation of about 40 feet above the surrounding
fields and covers an area of at least an acre. In a small quarry
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excavation observation of fairly fresh rock shows that the most abun-
dant minerals are plagioclase and augite. A little green hornblende .
and considerable biotite appear to be alteration products of the
augite. Olivine and magnetite grains are numerous, and a few
quartz grains appear in places. The presence of quartz grains in a
rock containing olivine bears with it a strong presumption that the
quartz is secondary. The rock is dark green in color and takes a
good polish.

Jointing planes are very irregular and the rock is greatly decom-
posed to a depth of 4 to 5 feet. The upper part of the ridge includes
masses of decayed porphyritic and schistose rocks. Similar rock
appears in smaller outcrops to the west.

An outcrop 48 rods east of the center of sec. 12 is a quartz norite,
consisting of plagioclase, hypersthene, a little monoclinic pyroxene,
quartz, and a few flakes of secondary biotite. The quartz is not
abundant and appears to be secondary.

A small area of gabbro about 40 rods south of the center of sec.
12 is cut by two red-granite dikes, which resemble in general character
the typical “St. Cloud red” granite. A pegmatite area about a
foot in diameter was observed in the same outcrop. It consists of
large crystals of red orthoclase graphically intergrown with quartz.

Though rocks containing so large a proportion of iron-bearing
minerals usually alter much morereadily than granite, the area may
have some economic value. For interior decoration the dark-green
polished surface would be attractive for panel work in contrast with
lighter rock. Gabbro is valuable in the form of crushed stone for
macadam or concrete.

SAUK CENTER TOWNSHIP (T. 126 N., R. 3¢ W.).

Southeast of Sauk Center, near the railway, is a small exposure of
pale-pink medium to fine grained biotite granite highly altered by
weathering. It contains many inclusions of coarse-grained gneissic
granite and patches of pegmatite and is traversed by close and uneven
joints: Some of it has been.quarried for foundations, but it is use-
less for monuments.

WAEEFIELD TOWNSHIP (T. 123 N., R. 30 W.).

Though several outcrops representing different types of rocks occur
in Wakefield Township no quarries were active in 1913. The only
reported granite quarry in this vicinity was found\on examination
to be an excavation in a huge boulder of granite almost buried in
the drift.

Within the town of Cold Spring an extensive exposure of granite
rises along the river front as a bluff about 20 to 30 feet high. It
is a pale-pink hornblende granite, in which the minerals are unequally
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- distributed, the quartz grains occurring massed together in places.
Green epidote is common. Lack of uniformity and pale color make
the rock unprofitable to quarry except for crushing or rubble. Much
of it has been quarried for foundation stone. :
Close to the Richmond road, about a mile west of Cold Spring,
in the NW. 1 sec. 21, is a small outcrop of coarse-grained hornblende
granite. Though only decayed rock is visible, the deep red color
of the feldspars is attractive. A small outcrop of similar type occurs
about a third of a mile to the west, near the railroad crossing.
" Two prominent ridges of coarse red biotite granite, one in the
SW. 1 sec. 20 and the other in the NW. % sec. 29, covers each at
- least an acre and rise about 40 feet about the level of the road.
Biotite is present in small flakes and quartz in large glassy crystals.
The most prominent constituent, however, is feldspar in large deep
red crystals 1 to 14 inches across. Only surface rock, in which the

feldspars are rusty along cracks and crystal boundaries, could be = -

observed, but the probability of great improvement in color below
the zone of surface alteration makes investigation of this area desir-
able. In texture and color the rock resembles the “red Waupaca”
granite of Wisconsin.! As observed in thin section the feldspar is
mostly microcline. Quartz is present in large grains. Biotite, mag-
netite, and a little hornblende constitute the relatively small amount
of dark mineral. Joints are uneven and are several feet apart. At
the south side of the outcrop in the SW. % sec. 20 is a mass of dark
fine-grained diorite which is older than . the granite, for the latter
intrudes it as a dike at one point.

At the western end of the outcrop in see. 20 is a patch of very
attractive fine-grained deep-red granite, whose contact with the
adjacent coarse red granite is covered by drift. It occurs on property
owned by Henry Osendorf, who states that it was first uncovered
by the plow. An excavation about 15 feet across and 10 feet deep
has been made. As the lower part of the pit is filled with water,
observations could be made only of the upper 2 feet of rock, which
is covered by a mantle of 4 or 5 feet of soil.

The rock is one of the most attractive in Minnesota. It is a
binary granite, consisting of red feldspars and smoky quartz. It is
fine grained, crystals being one-eighth to one-sixteenth of an inch in
diameter, and is uniform both in color and texture. It takes.a beau-
tiful polish (see Pl. XIII, 0), and is deep red, being similar both in
color and texture to the ‘“‘Montello” granite of Wisconsin.? The
feldspar is microcline with subordinate orthoclase. Quartz is abun-
dant. A few small grains of biotite, hornblende, and magnetite can

1 Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol. Survey Bull, 4‘, p. 126,
pl. 12, 1898, ’
2 Buckley, E. R., op. cit., p. 96, pl. 6.
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be detected with the microscope. The rock shows some effects of
surface weathering.

As far as could be observed the rock is badly broken by joints,
though better conditions may exist at depth. The rock excavated
was employed in building a barn foundation. If blocks of consider-
able size free from seams could be found they would undoubtedly
be valuable for monumental purposes. The Great Northern Railway
is about half a mile distant.

In the western part of sec. 19, south of the main road from Cold
Spring to Richmond, are outcrops of dark tough diorite, which is
medium to coarse grained and greenish gray. With the aid of the
microscope it was determined to be an augite diorite, consisting of
large crystals of plagioclase and hornblende, many of the latter
containing augite cores. This condition suggests that the rock was
probably a gabbro originally, and that the augite is gradually chang-
ing to hornblende. Some of the rock has been quarried in two places
for barn foundations and is serviceable. Its dark color makesit unde-
sirable for all except the most ordinary structural purposes. Its
usefulness for road construction or concrete has not been investigated.

SHERBURNE COUNTY.

CHARACTER AND DISTRIBUTION OF THE ROCKS.

The larger part of Sherburne County is deeply drift covered and
has no outcrops of bedrock. The northwestern part, however, is
more thinly covered, granites being exposed in the SW. % sec. 17,
the NE. % sec. 7, and the S. % sec. 6, Haven Township, each of which
contains a number of active quarries. The granites are assumed to
be of early Keweenawan age. Gray granites predominate, though
red granites and a few intermediate varieties are present. In gen-
eral the rocks of Sherburne County present a greater number of dif-
ferent types in a given area than those of Stearns County. The
gray rock has a more or less distinct horizontal rift and a north and
south run. Partly on this account and partly because the numerous
aplite dikes would cause too great waste if monument stock were
produced, the chief production is paving stones. The close prox-
imity of two railway lines is a factor of great economic value.

QUARRIES.

OLD ROCK ISLAND OR SAULPAUGH QUARRY.

The most southerly outcrop in Sherburne County is in the SW. %
sec. 17, Haven Township. It rises in a rounded dome 4 or 5 acres
in extent about 15 feet above the general level. Rock was first
quarried on this-outcrop in 1879 by Daniel Burns, who supplied
stone for the Chicago, Milwaukee & St. Paul Railway bridge over
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the Mississippi on the short line between St. Paul and Minneapolis.
In 1881 it was leased to Saulpaugh & Co., of Rock Island, IIl., who
supplied 7,000 cubic yards of stone for the Northern Pacific Railway
bridge over the Missouri at Bismarck. Part of the stone was ob-
tained from this quarry and part from quarries at Watab in Benton
County.! Since the completion of this contract, the quarry has
remained idle.

The main mass is a coarse pmklsh-gray quartz monzonite, having
about the same texture as the ‘‘St. Cloud red” granite, though not
so uniform. The dark minerals, biotite and hornblende, are very
abundant. Feldspars are of two kinds, pale pink (orthoclase or
microcline) and pale greenish gray (plagioclase) in about equal
amounts. The quartz, some of which is smoky, is not plentiful.
The rock shows little alteration, even under the microscope.

In the northwestern part of the outcrop a smaller mass of finer-
grained granite contains very few of the pale-pink feldspars. The
dark minerals, the chief of which is biotite, are present in fine, scat-
tered particles, whose combined effect deprives the rock of the attrac-
tive color that characterizes many of the ‘St. Cloud gray’’ granites.

A few sheeting planes occur near the surface but none at depth.
The chief joints strike N. 65° E. and secondary joints N. 1° E.
Joints are spaced far apart, 40 to 50 feet in places. The area is
intersected by numerous pale-red and gray aplite dikes trending
about N. 70° W. Toward the eastern end of the outcrop several
bands of a medium-grained gray granite cut through the coarser

‘rock. Their boundaries are indistinct. A diabase dike 4 feet thick
crosses the outcrop in direction N. 70° E.

On account of the unattractive color and, above all, the varying
types within a limited area the rock is not to be recommended for
monumental purposes. It is, however, an excellent structural stone,
being strong and durable. The nearest railway stations are Reform-
atory or Haven, each about 2 miles distant.

MINNESOTA STATE REFORMATORY QUARRIES.

The State Reformatory grounds are in the NE. 1 sec. 7 and SE. }
sec. 6, Haven Township, about 3 miles from the center of St. Cloud
city. The inmates have excavated rock since 1889 and have made
several large pits, some inside the walls and some outside.

The rock is a medium-grained gray hornblende-quartz monzonite,
consisting of gray feldspars, black hornblende, mica, and a little
quartz. As observed with the microscope, orthoclase and micro-
cline together are a little in excess of the plagioclase. The remainder
of the rock mass consists of hornblende, biotite, and a small amount

1 Winchell, N. H., Final report on the Geology of Minnesota: Minnesota Geol. Survey, vol. 2, p. 432, 1888,
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MAIN BUILDING OF ST. CLOUD REFORMATORY.

Constructed of gray granite obtained from the reformatory quarries.
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of quartz, sphene, magnetite, and apatite. The rock shows but
slight alteration by weathering.

In the larger excavation within the walls (see Pl. XIV) major joints
strike N. 88° E., secondary joints N. 22° E., and a few of minor
importance N. 36° W. and N. 86° W. They are 3 to 14 feet apart.
In excavations farther north, two of which are outside the walls and
. three within, major joints strike N. 88° W. and secondary joints
N. 5° E. .Sheeting planes are very indistinct and far apart, a cir-
cumstance which makes quarrying difficult. A number of black -
knots, most of which are rather small, half an inch to 2 inches across,
appear to be segregations of dark minerals; but others are angular
and are probably fragments of a dark rock inclosed at the time of
consolidation. White to reddish aplite dikes, half an inch to 2 inches
in diameter, are common. The rock is fairly uniform and shows
little change at depth, though it is said by quarrymen to be a little
harder in the bottom of the quarries.

The output is building blocks and crushed stone. At present about
200 carloads of crushed rock are supplied annually to the State high-
way commission. In early years a great deal of wall rock was sold,
the maximum yearly output being about 250 carloads. A siding
from the Great Northern Railway enters the grounds.

About 1903 the building stone quarried was used in constructing
new reformatory buildings and- walls. The main building (PL
XYV) shows the adaptability of the stone to structural work. In
1902 the construction of a wall 4 feet thick at the base, 24 feet at the
top, and 22} feet high about the reformatory grounds was begun.
(See Pl. XIV.) In 1913 over three-fourths of a mile had been
built, and it was estimated that about 8 years more would be required
to complete it. In 1912 an octagonal water tower, 30 feet across
the base and 115 feet high, was complebed

Just outside the reformatory wall is the deserted pit where Breen
& Young began work in 1868. It has been inactive for many years.

EAST 8T. CLOUD GRANITE CO. QUARRY.

About one-eighth of a mile north of the reformatory grounds and
close to the Great Northern and Northern Pacific railways are three
excavations made by the East St. Cloud Granite Co. The quarries
were opened about 1900 and have been worked continuously ever
since. Both red and gray granite are quarried. The red quarry is
the second from the railroad, and lies between two gray quarries,
whose rock is almost 1dentlcal with that from the reformatory
quarries. The red is a medium to coarse grained hornblende granite
similar to the typical “St. Cloud red” granite 6f Stearns County.
The feldspars are chiefly red, a few crystals of greenish gray occurring
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in places. Quartz is abundant in glassy grains and hornblende is
subordinate.

Major joints strike N. 75° E. and secondary joints N. 13° W. All
are nearly vertical and 1 to 15 feet apart. In the gray quarry two
sheeting planes lie 5 and 12 feet, respectively, from the surface, but
with increasing depth the spacing increases considerably. In the red
quarry indistinct planes appear near the surface, though none occur
in the lower 40 feet of quarry wall. The gray granite contains a
number of black knots which are probably segregations. Large
masses of the gray rock form inclusions in the red. The red rock
turns brown on weathering. About half the output is paving blocks,
the remainder consisting of building stone, monument stock, and
curbing. The nearest station is Reformatory, half a mile distant.

HILDER GRANITE CO. QUARRY.

A gray-granite quarry immediately west of the East St. Cloud
Granite Co.’s pits was first operated by the Hilder Granite Co. under
lease in 1886 and was bought in 1912. It has been Worked con-
tinuously since first opened.

The rock is a fine-grained gray hornblende-biotite granite con-
taining a larger proportion of dark minerals than most of the gray
granites on the opposite side of the river in Stearns County. Feld-
spars are mostly gray with a subordinate number of pale-pink
crystals. In order of abundance they are orthoclase, plagioclase,
and microcline. Quartz is fairly abundant in clear glassy grains.
Hornblende and biotite are about equal in amount; both contain
numerous inclusions of apatite and zircon, the latter surrounded by
pleochroic halos. Sphene and magnetite grains are numerous, but
the magnetite, being a stable oxide, is unlikely to cause stains by
weathering.

Major joints strike N. 84° E., secondary joints N. 10° W., and a
subordinate system N. 40° W. This would result in the production
of undesirable angular blocks if the joints were not so very widely
spaced—20, 30, and in some places 40 feet. At the western side of
the excavation two parallel joints are 2} feet apart, and the rock
between them is greatly decomposed, showing that close jointing
tends to hasten rock decay. Sheeting planes are horlzontal and 6 to
16 feet apart.

Black knots are common in places but certain large masses are
almost free of them. The rock is stained to some extent along
joint planes. White aplite stringers half an inch to 2 inches wide
and one narrow red dike traverse.the rock irregularly. The red dike
.is probably related to the coarse red granite which occurs in the
near vicinity and which, wherever observed, is younger than the
gray. One vertical open joint about half an inch wide contains a
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peculiar “dike” of fairly coherent pure white sandstone. It is
probably a remnant of a white sandstone, possibly of Cambrian age,
which rested immediately upon the granite at one time, but which
was later swept away by glacmtlon '

A few small vugs occur, in one of which a crystal of purple fluorite
was observed.

Some odd types of rock occur in this outcrop, among them a

reddish-gray granite with green patches about 30 rods northeast of
Hilder's main quarry. Red granite outcrops about 300 yards to
the west but is as yet undeveloped.
° Good monument stock may be obtained from this quarry, but
during 1912 and 1913 a contract to supply the Twin City Lines of St.
Paul and Minneapolis with a million paving blocks compelled a con-
centration of labor on that line of work and a consequent decrease in
production along other lines. During the summer of 1912 about 24
stonecutters were employed on an average, producing about 3,000
paving blocks a day. In 1910 a stone crusher was installed. The
small rock chips resulting from the trimming of paving blocks are
very easily crushed. A siding from the Great Northern Railway to
the quarry greatly facilitates transportation. Modern steam and
pneumatic drills and steam hoists are employed.

ERICKSON QUARRY.

A quarry in the NE. } SW. } sec. 6, Haven Township, was first
~opened in 1883 to supply stone for the stone-arch bridge in Minne-
apolis. It then remained idle for 15 years, after which it was worked
for a year by G. J. Hilder. - It was bought by August Erickson in’
1908 and has been worked continuously ever since. .

The main type is a medium-grained uniform gray hornblende gran-
ite. Its determination with the microscope places it rather with the
quartz monzonites, for in it orthoclase and microcline together are
about equal to plagioclase. Quartz is not very abundant and was
evidently the last mineral to crystallize. Hornblende with subordi-
nate biotite, sphene, and magnetite form the darker part of the rock.
It is remarkably fresh, showing very slight alteration. A second
type, more easily worked, is a finer-grained pinkish-gray granite
with a sloping contact, which is exposed in the bottom of the
quarry, on the north side.

Compression tests were made on nine cubes of the gray granite.
On the average the first crack came at 11,426 pounds per square
inch and final collapse at 16,996 pounds.

Chief joints strike N. 6° W. and secondary joints N. 80° E., thus
meeting approximately at right angles. Minor joints strike N. 58°
E. and N. 42° W., also approximately at right angles. They are
5 to 20 feet apart. Sheets are distinct and 4 to 15 feet apart. Some
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are horizontal and others oblique, thus wedging out. Black knots
are scarcer than in most gray quarries on the east side. White aplite
dikes, however, are very numerous and run at all angles. Stripping
requires the removal of 4 to 5 feet of soil.

The quarry is of the pit type and is about 40 feet deep. Its chief
output is paving blocks, a very little monument stock being produced.
It is about half a mile from the reformatory and 1% miles from East
St. Cloud. Transportation is by wagon.

A short distance to the southeast is Erickson’s abandoned pit, in
which the rock is similar to that just described. Jointing systems,
however, show some variation. Chief joints strike N. 25° W. and.
secondary joints N. 61° E. :

KELLAS QUARRY,

A little west of Erickson’s quarry in the NW. 3 SW. } sec. 6,
Haven Township, a quarry, opened by John Kellas in 1906, yields
_a fairly uniform dark-gray hornblende granite. Microscopic exami-
nation shows some variation in relative amount of the various min-
erals in different parts of the quarry. Plagioclase and quartz appear
to be the most variable constituents. Orthoclase and microcline
together form the greater portion of the feldspar mass in most places,
though plagioclase is prominent. Hornblende and subordinate
biotite form a larger share of the rock than they do in the typical
gray granite of Stearns County. A few magnetite grains and abun-
dant apatite inclusions are accessory constituents. The feldspars
show a little alteration to kaolin.

Major joints strike N. 65° W. and secondary joints N. 3° W. They
are nearly vertical and are widely spaced. Sheets are distinct, 4 to 20
feet apart, and wedge out in places'as in Erickson’s quarry. A few
black knots occur, and white to pale-pink aplite dikes are numerous.
Part of the quarry has no overburden, and the maximum stripping

- at the present time is about 10 feet. The chief output is paving
blocks, though some monument stock is produced. Transportation
is by wagon, and the nearest station is Reformatory, three-fourths
of a mile distant.

__BENTON COUNTY.

CHARACTER AND DISTRIBUTION OF THE ROCKS.

In Benton County the only rocks available for structural or orna-
mental purposes are the granites and related rocks of lower Ke-
weenawan age. Outcrops are more numerous than in Sherburne
County. They are most abundant in Sauk Rapids and southwestern
Watab townships, and occur also in southwestern Minden, Gilman-
ton, and Mayhew Lake townships near the center of the county,
and in Granite Ledge, on Rum River, in the northeast.
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The rocks of Benton County are less uniform and present greater
diversity of types than those of Sherburne or Stearns ' counties.
Nevertheless, good quarry rock outcrops in many places, the most
- extensive areas being in secs. 27 and 34, Watab Township. The rock’
is principally a dark diorite, which is not particularly attractive even
where uniform. The exposures of highest commercial value, so far
as known, are in secs. 1, 11, 13, and 14, Sauk Rapids Township, and |
sec. 31, Minden Township. :

QUARRIES.

FISCHER CO. QUARRY.

In the E. 3 SW. } sec. 31, Minden Township, the Fischer Co. has
operated a red-granite quarry since 1909. The rock is medium to
coarse grained hornblende granite of the typical ‘‘St. Cloud red”
type. Pink feldspar forms about three-fourths of the rock, and the
remaining fourth is about three parts quartz and one part homn-
blende. The. texture is uniform and the color fairly attractive,
though much paler than most of the red granites of Stearns County.
Under the microscope the feldspar is seen to be microcline. The
hornblende is fringed with biotite in some places. Feldspars show
considerable alteration to kaolinite. Such alteration affects the rock
seriously for structural purposes only where excessive, as along joints
or in ‘‘sap rock’’ near the surface.

Major joints strike N. 87° E., and a second system N. 60° E. The
joints are nearly vertical and 2 to 15 feet apart. Indistinet horizon-
tal sheeting planes are spaced 2 to 10 feet apart. Some hair lines
are present, and two narrow diabase dikes cross the quarry in the
direction of the chief joints, N. 87° E.

Building stone and curbing are the chief products. Large uniform
blocks are easily obtained. The Gordon & Ferguson glove factory
in St. Cloud was made of stone from this quarry. The nearest station
is East St. Cloud, a mile distant.

A gray rock just east of this quarry was opened about 1883 and
worked on a small scale by J. O. McConnell. The quarry has been
inactive for a number of years. The rock is similar in texture and
color to that farther south, in Sherburne County. It was used in
building the Friedland German Church at St. Cloud.

COATES QUARRY.

The Coates quarry, in the NE. } NW. } sec. 13, Sauk Rapids Town-
ship, is on an outcrop 32 by 8 rods in extent. It was first worked
about 1893 and thereafter was idle many years. Active operations
were renewed in the spring of 1913,

The rock is pale pinkish gray in color but in texture and constitu-
ent minerals is of the ‘“St. Cloud red”” granite type. It is medium
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to coarse gralned and consists of a very pale pink feldspar, quartz,
and scattered crystals of hornblende. Microscopically the feldspars -
were determined as plagioclase, orthoclase, and microcline. Quartz
in small grains fills spaces between the other minerals. Both horn-
blende and biotite are present, and associated with them are scat-
tered grains of magnetite. Sphene is common, and its presence,
together with the character of the quartz, places the rock rather with
the gray granites, although in the hand specimen it resembles the
typical red.

Major joints strike N. 84° E. and secondary joints N. 10° E., and
are 10 to 20 feet or even farther apart. The joints are all vertlcal
Indistinct sheeting planes are 5 to 6 feet apart and dip slightly to
the north.

The rock weathers somewhat more readily than the “8t. Cloud
gray’’ granite and is stained reddish-brown to a depth of several
feet. Similarstains extend half an inch to an inch from the few joints.
No dikes appear except some narrow aplites in the undeveloped
part of the outcrop. Where still hard and firm, the brown rock is
utilized for curbing, and the unaltered rock is used extensively for
‘building. Stone was supplied during 1913 for the courthouse at
Grand Forks; N. Dak.

No stripping is necessary. Pumping is required at 1ntervals to .
remove water from the pit. The Sauk Rapids Granite Co.’s spur
track is half a mile distant but is not used. The nearest station is
Sauk Rapids, about 24 miles distant.

SAUK RAPIDS GRANITE CO. QUARRIES,

The Sauk Rapids Granite Co. purchased four locations and began
operations in 1914. Two of the quarries, in secs. 11 and 14, Sauk
Rapids Township, were formerly operated by the Western Granite Co.;
a third is on a previously undeveloped outcrop known as the Beall
property, in the northern part of sec. 11, same. township, and the
fourth is on a previously undeveloped outcrop in sec. 35, Watab
Township.

In 1884 a quarry plt was opened in the NE. } sec. 14, Sauk Rapids
Township, and was first known as the Arnold quarry. In 1906 it
was sold to the Western Granite Co., of Sauk Rapids, who operated
it until 1911, after which it was idle until 1914, when it was purchased
by the Sauk Rapids Granite Co.

. Prominent outcrops occur over an area of about 30 acres, the rock
rising in places 35 feet above the adjacent swamps.

Both red and gray rock occur, and the quarry is situated at a
contact of the two. The red is a hornblende granite, thaugh some-
what paler in color than the typical ‘“St. Cloud red”’ granite. Near
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the contact of the gray rock the color becomes a paler pink and the
texture finer. Though the line of contact is fairly distinct, the rocks
are somewhat mixed, both pink and gray feldspars appearing in each
type. The age relation of the two rocks was not determined.

The gray rock is a hornblend e granite, somewhat finer grained than
the red and containing less quartz. Major joints strike N. 20°-E.
and dip about 80° W. Several minor joints mtersect them at various
angles. .

The most serious imperfection is the shattered nature of the rock.
Two large diabase dikes 3 to 4 feet across run N. 55° E. through the
quarry, and it seems reasonable to suppose that the shattering which
accompanied their injection started incipient fractures in the sur-
rounding rock. The faded color of the red granite and the mixing
of the two types near the contact also results in considerable waste.

A few rods to the north a small pit has been made in the red rock,
which at this point exhibits a fine deep color. A quarry away from
both dikes and contacts would yield a better quality of stone, accom-
panied by much less waste. Working conditions, however, are better
than at most quarries of the region, as the rock may be worked as a
shelf or bench quarry to a depth of abqut 25 feet.

The present company operates this quarry for the production of
crushed rock exclusively. The crushing plant is equipped with No. 6
and No. 3 gyratory crushers and a 24-inch disk crusher. A siding
2 miles long connects with the Northern Pacific Railway at Sauk
Rapids.

About a third of a mile northeast of this quarry, in the SE. } SE. }
sec. 11, Sauk Rapids Township, is another, formerly owned by the
West;ern Granite Co., which was also purchased in 1914 by the Sauk
Rapids Granite Co. Both red and gray granite occur. = -

The former is a deep-red hornblende granite of uniform texture,
one of the most attractive red granites observed in the St. Cloud
region. The feldspars, forming about 70 per cent of the rock mass,
are red, with the exception of a few scattered grains of greenish color.
Quartz, forming about 20 per cent of the rock, is in large transparent
grains, and black hornblende forms the remainder. Close to the
contact with the gray granite the rock is somewhat lighter in color.

Under the microscope the chief feldspar is seen to be orthoclase,
intergrown with plagioclase as a microperthite.

Major joints strike N. 5° W. and secondary joints cross them at
right angles. They are all vertical and 3 to 15 feet apart. Three
nearly horizontal sheets appear at intervals of 20, 18, and 7 feet. A
few dark streaks were noted where the dark minerals were aggregated
in lines, giving the rock an indistinct gneissic appearance. A very
few hair lines, but no dikes, were seen. A few inclusions of gray rock .
occur in the red.
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"This quarry represents one of the few observed cases where good
rock is obtained close to contacts. As a rule the color of the rock
near contacts is unattractive, and hair lines, fractures, and inclusions
are numerous:

The gray rock, which has been quarried less extensively, is a fine-
grained hornblende granite that exhibits streaks and has somewhat
uneven texture. The quarry is equipped with two 30-ton electric
derricks, one of.-which has two speeds for the boom lift and two speeds
for the fall. An air compressor supplies air for drilling.

Rock is quarried for monumental stone, building blocks, and curb-
ing, and much material that would otherwise be wasted is used for
paving stones.

A third quarry was opened up on an extensive undeveloped out-
crop of red granite covering several acres in the W. } NE. } sec.
11, Sauk Rapids Township. It rises as a ridge of sufficient height to
permit bench quarrying to considerable depth. Pink feldspar forms
about two-thirds of the rock mass. It is chiefly microcline, though
some orthoclase and plagioclase also appear. The feldspars are
microperthitic, as in the red granite of Stearns County. Quartz is
abundant in large glassy grains. Hornblende with subordinate bio-
tite and magnetite constitute the remaining portion.

Joints are very irregular but are widely spaced. Major joints
strike N. 2° W. and N. 72° E., and minor joints N. 55° W., N. 82° W.,
and N. 88° W. One area, 80 by 110 feet, is without open joints.
Quarrying would be easier if joints were more numergus. Two nar-
row diabase dikes follow the major joints N. 72° E., and the rock
close to them is intersected by numerous hair lines, which probably
are minute dikes. The quarry is equipped with a 30-ton quarry der-
rick and a piling derrick, both electric driven, and with an air com-
pressor of 450-feet capacity to supply drills. The quarry is served
by a siding extended from the quarry last described. The rock is
-used for monuments, building, curbing, and paving stones.

The fourth quarry, situated near the center of sec. 35, Watab, is in
light-gray granite. The equipment consists of two steam derricks and
steam-operated drills. The company operates a well-equipped finish-
ing plant in Sauk Rapids.

It may be noted that this company is producing a good deal of
building stone and is gradually increasing its equipment so as to be
able to handle large building contracts without difficulty. In 1914
the railway siding was extended from the southeast corner of sec. 11,
Sauk Rapids Township, to the third and fourth quarrles descnbed
above.

SWANSON & HAGSTEDT QUARRY. .
In the NW. £ NE. } sec. 1, Sauk Rapids Township, A. F. Swanson
and John Hagstedt began quarrying about 1896 and continued till
1909, when they ceased operations.
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The rock is a very pale pink or almost gray hornblende granite,
which, like the rock from the Coates quarry (p. 125), has the texture of
the ‘St. Cloud red”’ granite. It is quite uniform. The feldspars are
orthoclase, microcline, and plagioclase. They are perthitic and exhibit
considerable alteration. The hornblende shows alteration to biotite.

Major joints strike N. 80° E. and secondary joints N. 8° E. They
are widely spaced. Sheeting planes are horizontal, distinct, and 2
to 6 feet apart, being much closer and more distinct than in most of the
quarries of the region. As a consequence slabs of large size may be
easily obtained. One block lying in the quarry was 10 feet 8 inches
by 6 feet 6 inches and 14 inches thick.

The rock contains a few small dark knots and a number of larger
:green patches, probably inclusions, some of Which are a foot in
diameter.

No stripping is required. The quarry is worked to a depth of only
8 to 10 feet as a bench quarry. Deeper excavation would require
pumping. The rock is not to be recommended for monumental pur-
poses but is well adapted for paving stones, building blocks, flagging,
door sills, and steps. The quarry is about 5 miles from Sauk Rapids.

A noteworthy feature of this as well as of most other quarries in the
St. Cloud region on the east side of the Mississippi is the absence of a
waste heap. This is partly due to the fact that more structural stone
and paving blocks and less monumental stone are produced, and partly
because the Northern Pacific Railway has used the waste material
for filling on its lines.

SAUK RAPIDS QUARRY,

The Sauk Rapids quarry has not been worked for many years and
will probably never be worked again, but in past years it was the
center of a great industry. It is close to the business district of Sauk
Rapids, where real estate is now too high priced to permit its reopen-
ing. It was opened by F. A. Fogg in 1867 and worked by him until
1871, when excavation was continued by Collins, Mitchell & Searle,
of St. Cloud. Later it was worked by Burns, Reeder & Robinson.
Stone from this quarry was used in several structures of note: In
Minneapolis for the towers of the suspension bridge and trimming
of the city hall; in St. Paul for the store occupied by Nicols & Dean,
in Milwaukee for the polished front of the Mitchell Bank; and in
Des Moines for tnmmmg for the Iowa State capitol.! It takes a.
good polish and is suitable for monumental work.

UNDEVELOPED ROCK OUTCROPS.

The undeveloped or slightly developed outcrops are describedin
the alphabetic order of townships, and in the numerical order of
sections within each township.

‘lsgngcheﬂ, N. H., Final report on the geology of Minnesota: Minnesota Geol. Survey, vol, 2, p._‘4843,
95545°—18—Bull. 663—9



130 STRUCTURAL AND ORNAMENTAL STONES OF MINNESOTA.
GRANITE LEDGE TOWNSHIP (T. 38 N., R. 28 W.).

In the northeastern township of Benton County, in the NE. }
NW. 1 sec. 20, an outcrop of red granite is intersected by a diabase
dike running N. 30° E. South of the dike the rock is coarse grained,
similar to the typical ‘“‘St. Cloud red” granite. Joints are far apart.
North of the dike the rock is much finer grained and is intersected
by numerous closely spaced joints.!

On the west branch of Rum River, in the NW. 1 sec. 24, and ex-
tending westward into sec. 23, a prominent outcrop of red granite
forms a ridge across the river and causes a waterfall about 4 feet

Open seam
—— —Closed seam \

9 1t 2 3 A4FT
[N Vs J: S

F1GURE 15.—Sketch showing structure of rock in sec. 24, Granite Ledge Township, Minn,

high. The largest exposure is 5 rods wide and 10 rods long. Sur-
face rock only is observable, and little is known regarding the quality
of the unweathered granite. The stone is a medium to coarse
- grained red hornblende granite. The feldspars, which average one-
fourth of an inch in diameter, form approximately three-fourths of
the rock, the remainder being chiefly quartz with subordinate horn-
blende. At a depth of a few inches the rock is rusted to a some-
‘what deeper red than normal. This is somewhat misleading, as it
might cause a superficial observer to expect a deeper red color in

1 Winchell, N. H., op. cit., p. 436.



KEWEENAWAN GRANITES. 131

the main mass than actually exists. The normal color seems to be
about the same as the average red granite of Stearns County. The
texture is uniform.

Under the microscope orthoclase is observed as the chief feldspar,
appearing in large crystals which are microperthitic, though not as
. pronouncedly so as in most of the red granites of Stearns County.
Scattered crystals of plagioclase and ‘microcline appear, and quartz is
abundant in large clear grains. The hornblende shows an advanced
stage of alteration to biotite. In surface specimens the feldspars
are hlghly altered to clay.

Chief joints strike N. 10° W. and are spaced very 1rregula,r]y—
from 1 to 18 feet. Subordinate joints strike N. 82° W, and are 6
to 10 feet apart. (See fig. 15.) In the western part of the outcrop
numerous blind seams parallel the major joints and a few cut across
at various angles. The eastern part of the level area west of the
river bed is apparently free of blind seams. No diabase dikes,
knots, or pegmatites were observed. A red aplite dike about a foot
wide runs east-west across the stream bed.

Drainage would be difficult, for the rock rises only 2 or 3 feet
above normal level of the river. Transportation is also a serious
matter; Foreston is about 6 miles distant, and the roads are poor.
Rum River is now bridged, and a road is being opened southward
on the section line between secs. 23 and 24. When this.is completed
rock could be hauled almost due south to Estesbrook siding, about
4% miles distant. '

GILMANTON TOWNSHIP (T. 37 N., R. 20 W.).

In the SW. } sec. 13, about three-fourths of a mile east of the
outcrop on Elk River in Mayhew Lake Township, red granite outcrops
near the road in an exposure not more than 8 rods across. The rock
is a red hornblende granite similar to that in Granite Ledge Township.
The texture is quite even. Joints are irregular but not close together.
Blocks 10 feet across could be obtained.

MAYHEW LAKE TOWNSHIP (1, 37 N., R, 30 W.).

An outcrop about 8 rods across, in the S. 4 sec. 13, rises about 10
feet above the water in the channel of Elk River. The rock is a some-
what porphyritic hornblende granite, consisting of feldspar crystals
one-fourth to one-half inch across, embedded in a fine-grained ground-
mass of feldspar, quartz, and hornblende. The color is an attractive
pink, but the texture lacks uniformity.

SAUK RAPIDS TOWNSHIP (T. 36 N., R. 31 W.).

Sec. 1.—About 44 rods south of Swanson & Hagstedt’s quarry in
the NE. 1 sec. 1 is a small outcrop of very pale red granite.
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An outcrop of red granite occurs 224 rods north and 180 rods west
of the southeast corner of the section. Some has been quarried for
local uses both from the ledge and from a large boulder a little west
of it. Joints are spaced 5 to 30 feet apart. Major joints strike
N. 3° E. and secondary. joints N. 88° W., the two intersecting ap-
~ proximately at right angles. Several outcrops to the north and the
south are of the same type.

Another group of small granite outcrops occurs in the vicinity of a
point 128 rods north and 216 rods west of the southeast corner.

Sec. 2.—A small outcrop of red granite.occurs 106 rods north and
128 rods west of the southeast corner of sec. 2. Major joints strike
N. 85° E. and secondary joints N. 41° W. They are 2 to 10 feet
apart. The rock is intersected by aplite dikes which follow the
major joints. - A small excavation has been made.

A small flat outcrop of red granite occurs a little south of the
section line and 36 rods west of the northeast corner.

Sec. 11.—Red granite, a little of which has been excavated, out-
crops 92 rods north and 128 rods west of the southeast corner of
sec. 11. Major joints strike N. 5° E., secondary joints N. 53° W,
and a few minor joints N. 79° W. The major and secondary joints
are 2 to 5 feet apart.

In the S. 3 NW. } of the section are a few small field outcrops of
red granite. Joints are 2 to 5 feet apart and strike north and south.

A small outerop, 300 rods north and 268 rods west of the south-
east corner, was quarried to a small extent years ago. The rock
lacks uniformity, containing many complex intrusions and inclu-
sions. The main mass is a dark-gray hornblende granite, intruded by
a coarser pale-red granite and containing scattered crystals of red
orthoclase. In thin section it is somewhat porphyritic with large
crystals of orthoclase and plagioclase in a finer, though still medium-
grained groundmass of feldspar, quartz, hornblende, biotite, and
sphene. Quartz is more abundant than in the “St. Cloud gray”
granites and much finer grained than in the red. The hornblende
contains very many quartz inclusions. Joints: trending N. 9° W.
are 2 to 4 feet apart. They are not vertical, but dip either eastward
or westward and are in places so nearly horizontal that they resemble
sheeting planes.

Sec. 13.—An exposure about 120 feet across in the SW. } SW. 1
sec. 13 consists of a fine-grained gray granite, composed of orthoclase,
plagioclase, microcline, quartz, hornblende, biotite, magnetite, and
sphene. The quartz is not plentiful, and appears in small grains
occupying the crevices and irregular spaces between the other min-
erals. The hornblende shows distinct cores of augite. At the west
end of the outcrop a mass of red granite of the typical ‘‘St. Cloud
red” type cousists of pink feldspar, abundant quartz, and black
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- hornblende. The contact runs about N. 30° E. Dikes of the red
rock cut the gray. Joints are very irregular and 2 to 8 feet apart.

Sec. 14.—All the exposures in sec. 14 are in the NE. . Most of
the rock has already been described. (See pp. 126-127.)

An outcrop about 40 rods long has its center about 234 rods north
and 24 rods west of the southeast section corner. Two smaller out-
crops are close to its western end. Red and gray rock alternate
repeatedly even over small areas and probably preclude the ﬁndmg
of any considerable quantity of uniform rock.

Major joints run due north and cross contacts of red and gray
without change of direction. They are nearly vertical and 1 to 5
feet apart. Secondary joints strike N. 80° E. Aplite dikes trending
N. 66° E. and N. 48° W. intersect both red and gray rock. Near
contacts the red granite sends dikes from the main mass into the
gray in directions parallel with the aplites. Several diabase dikes.
trending N. 60° E. are confined to the gray rock. The rock is too
defective to encourage development, although a little has been quar-
ried for local building.

A small exposure of red granite appears 277 rods north and 50 rods
west of the southeast corner.

Sec. 23.—An outcrop, mostly of gray granite, near the east end of
Sauk Rapids bridge, is of fair quality though badly weathered.
Major joints strike N. 10° W., secondary joints N. 70° E., and a few
minor joints N. 5° E. Major and secondary joints are 1 to 8 feet
apart. Aplite dikes intersect the mass in direction N. 78° W, It is
unlikely that the area could be successfully developed as the land is
too high priced.

Sec. 24.—In the NW. } SW. } sec. 24 there are three outcrops
on property owned by A. E. Hagquist, of Sauk Rapids. The most
northerly exposure covers about 200 square rods and consists of
