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Introduction 

The minerals and rocks of Minnesota serve as the basis of many im
portant industries. They supply the parent materials for our many different 
types of soils; they contain our vital underground water supplies; and they 
furnish the raw materials for extensive mineral industries. 

Many people are interested in the rocks and minerals which they find 
in road-cuts, in excavations, on their farms , and on their vacation trips . 
Unusual specimens arouse the curiosity of the finder. Some specimens have 
peculiar shapes, some have attractive colors and others appear to contain 
ores of economic value: Many such specimens are received each year at 
the Department of Geology and the Minnesota Geological Survey of the 
University of Minnesota. The specimens are generally accompanied by a 
request for information in regard to the composition, manner of formation , 
and commercial value of the rock or mineral involved. 

In response to an increasing number of inquiries from individuals and 
from schools, this pamphlet was prepared to summarize, as far as possible 
in nontechnical terms, the different kinds of rocks and minerals found in 
Minnesota and to describe them so that the amateur collector, the school 
teacher, the boy and girl scout and other interested persons can identify 
them. In a pamphlet of this size it is impossible to outline in detail the 
almost infinite varieties of the common rocks and minerals. For such de
tailed information the reader should consult the Bulletins of the Minnesota 
Geological Survey which are available at most public libraries or copies 
may be purchased from the University of Minnesota Press, Minneapolis, 
Minnesota. 

In the preparation of the descriptions systematic treatment has been 
waived to some extent to make the guide more usable to the nontechnical 
reader. More precise treatments are readily available in textbooks of min
eralogy and petrography. 

Part of the cost of this pamphlet has been borne by the Junior F. Hayden 
bequest to the Department of Geology, University of Minnesota. 

The writers are indebted to Professor Samuel Goldich for many sug
gestions. 
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MINERALS 

The word mineral is defined in various ways but when a single sub
stance is meant, it is defined as a natural, inorganic, homogeneous sub
stance of characteristic chemical and physical properties. Thus most min
erals are solid but a few, for example, water and mercury are liquid at 
normal temperatures. Organic substance such as wood, peat, coal, etc. are 
not minerals. Most minerals are crystalline substances, that is, the atoms 
of one or more elements are arranged in a regular system called a space 
lattice. It should be noted that the term "mineral kingdom" is a very broad 
one used for all substances neither animal nor vegetable, or in other words 
any inorganic substance. For the present purpose the restricted definition 
as given in the first sentence is used. 

It follows from the definition that minerals, though some are variable, 
may be represented by a chemical formula. Thus gold is represented by 
Au, pyrite by FeS2, and a complex mineral such as biotite, a variety of 
mica, by H 2K(Mg, Fe)3Al(Si04)3' 

Because of their different composition, the temperature and pressure 
under which they form, minerals take on specific properties which serve 
to identify them. Most important is the system in which they crystallize. 
The simplest classification of crystals is based on the arrangement of the 
axes but even this classification seems complex to the beginning student 
of minerals. The simplest system based on axial relations is called iso
metric. The 'other forms are hexagonal, tetragonal, orthorhombic, mono
clinic and triclinic. For this pamphlet only a few of the forms found in 
common minerals will be noted and some of these are shown in Figure 1. 

Other properties which are helpful in identifying minerals include 
cleavage and twining which are related to the crystal system and color, 
hardness, luster streak, specific gravHy, fracture and some of lesser use 
such as taste, odor, feel, magnetism, and fluorescence. Specific gravity is 
the weight of a substance compared to an equal volume of pure water and 
is indicated thus in the text (G.). Hardness is the resistance to scratching. 
Moh's scale ranging from talc as 1 and diamond as 10 is used and is indi
cated by the letter H. In scientific works on minerals many optical, chemi
cal and physical properties are used. 

It has seemed desirable to describe the most common and less complex 
minerals first as they will be used most and may lead to an interest in the 
less common and in some cases the very complex minerals or groups. For 
convenience some allied minerals such as those of the carbonate group 
are described together. 

CARBONATES 

Calcite 

Calcite in the form of limestone is familiar to everYOFle whether they 
recognize it or not as a distinct mineral. It is a relatively simple mineral 
consisting of calcium, carbon and oxygen, i.e., it is calcium carbonate 
(CaCOa). It is the chief mineral of limestone, marble, travertine, and oc
curs in smaller amounts in many rocks. It occurs also as a vein filling. In 
artificial form it accumulates in tea kettles, hot water pipes, etc. Onyx, 
travertine, stalactites, and stalagmites are other forms. 
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Calcite crystallizes in the hexagonal system but more characteristic is 
the fact that it has three cleavage planes which form rhombohedrons when 
broken free from a large crystal. It also occurs as granular, fibrous, oolitic, 
and larger concretionary forms. 

The hardness is standard for 3, that is, it can be easily scratched with 
a knife blade. The specific gravity, 2.7, is about normal for the common 
transparent and white minerals. Transparent cleavage fragments have the 
property of double refractions, that is, anything viewed through the calcite 
will appear double. The common test for calcite is treatment with dilute 
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acid which dissolves the mineral with brisk effervescence. Perfect colorless 
and transparent varieties suitable for optical uses are called Iceland spar. 

A closely related but less common mineral is aragonite which has the 
same chemical composition but crystallizes in the orthorhombic system. 

Dolomite 

Dolomite is closely related to calcite and has similar properties. It con
sists of equal molecular proportions of magnesium and calcium carbonate 
combined in one compound [CaMg(COa)2]. It crystallizes in the hexagonal 
system as does calcite, and has rhombohedral cleavage. It also frequently 
occurs as rhombohedrons. It is colorless, white and less commonly colored, 
and is somewhat harder than calcite, (H.3.5). It is usually necessary to 
make a test with dilute acid to distinguish it with certainty from calcite. 
An impure variety containing manganese and iron is called ankerite. 

Dolomite is an abundant constituent of the carbonate rocks of south
eastern Minnesota. 

Rhodochrosite 

The composition is manganese carbonate (MnC03) and it belongs to the 
calcite group. It rarely occurs as good hexagonal crystals but rather as 
cleavable masses with the typical rhombic cleavage of the calcite group. 
When pure it has a beautiful rose-red or pink color but some is gray, 
brown, etc. owing to impurities or to oxidation. It is somewhat harder than 
calcite (H.3 .5-4.5) and is heavier (G. 3.3-3.6) because manganese is a heavy 
metal. Impure manganese carbonate occurs abundantly in the rocks of the 
Cuyuna district and some pink rhodochrosite occurs there in veins. 

Siderite 

Siderite (iron carbonate) is a constituent of the iron-bearing formations 
and for that reason is a fairly important mineral in Minnesota. It is, how
ever, not commonly found as an easily recognizable mineral in the iron 
formations but is mixed with the other minerals which serve to obscure it. 
It is a member of the calcite group and occurs as rhombohedral crystals 
which are curved or distorted. It also occurs in botyroidal and concre
tionary masses. Its identity may often be suspected by its specific gravity 
(G. 3.7-3.9) which is high for a non-metallic mineral. Siderite may be white 
to tan in color but is usually brown to black owing to incipient oxidation 
of the iron. 

QUARTZ 

Quartz is one of the most common and abundant minerals of the earth's 
crust. It is simple chemically, consisting of one atom of the element silicon 
and two atoms of oxygen. This silicon dioxide is commonly called silica. 
Quartz occurs in a variety of forms and thus its identity is at times a 
puzzle to the amateur. It forms the greater number of all sand grains. 
Crystals of quartz are fairly common and have a hexagonal form. The 
most perfectly crystallized, transparent material is called rock crystal. 
Other varieties of quartz are agate, onyx, chert, jasper, flint, rose quartz, 
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amethyst, (violet) , citrine (yellow) smoky quartz, chalcedony, carnelian 
(red) petrified wood, etc. 

Quartz is the hardest of the common minerals. It cannot be scratched 
by a steel knife or other steel instrument and will scratch all of the other 
common minerals. Its hardness is 7 in Mohs' scale in which the diamond is 
10 b ut the d iamond is actually a thousand times as hard as qu artz. Quartz 
has no cleavage but breaks along conchoidal (curved) su rfaces . Quartz is 
2.65 times as heavy as pure water. The crystals are usually transparent 
but masses of quartz are white, milky or some of the colors of special va
rieties as noted above. 

Quartz is a constituent of granite and other igneous rocks, also of sand
stone, quartzite, gneiss, etc. , and is common as a vein mineral. Because of 
its abundance and the variety of occurrences it is found throughout Min
nesota. 

On the Cuyuna district a peculiar but beautiful variety of jasper has 
been named "binghamite" after Mr. Bingham, an enthusiastic lapidarist 
an d mineral collector of 8t. P aul. 

FELDSPAR GROUP 

The feldspars are estimated to make up roughly 60 per cent of the 
earth's outer shell or crust. In detail they are complex because of the 
tendency for one element to substitute for another. The abundant members 
of the group are potassium, sodium and calcium silicates. The following 
table shows the common varieties. 

Name 
Orthoclase 
Microcline 
Plagioclase 

Albite 
Anorthite 

Formula 
KAISi.o. 
KAlSi30 . 
NaAlSi30 . · CaAl,Si,O. 
NaAlSi"O. 
CaAI,Si,O, 

Crystal System 
Monoclinic 
Triclinic 
Triclinic 

The feldspars frequently form good crystals but they also occur as small 
grains, cleavable masses, etc. Twinned crystals are common. They have two 
good cleavages at 90 ° or in the case of the triclinic forms, near to 90° . 
The usual color is white to gray but it may also be red or less commonly 
yellow or green. Feldspars have a hardness of 6 and a normal specific 
gravity, i.e. , 2.5 to 2.7. As a rule it is difficult to distinguish between the 
members unless one is acquainted with the twinning characteristics. This 
is not always visible but if simple twins only are recognized the mineral 
is probably orthoclase. If the twinning is multiple and is indicated by fine 
parallel striations the member is plagioclase. A grid type of twinning indi
cates microcline. Feldspar is, of course, abundant in the rocks of Minnesota 
particularly in granite, gabbro, etc. Large masses of nearly pure plagioclase 
occur within a wide area from Duluth to P igeon P oint. 

GLAUCONITE 

This dull green mineral occurs abundantly as granules in the sandstones 
and associated rocks of southeastern Minnesota. The rocks are frequently 
referred to as greensands. Glauconite is a complex hydrous silicate of iron, 
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magnesium, aluminum, and potassium and forms abundantly in ocean 
sediments near the shore. 

eLA Y MINERALS 

At an early date in the study of mineralogy it was thought that the 
mineral kaolinite formed most clays. Modern methods, however, have 
shown that there is a group of several allied minerals. For our purpose a 
description of kaolinite will suffice. This mineral occurs only as microscopic 
crystals but the ordinary form is as white, compact, earthy masses. It is 
soft, becomes plastic when wet; has a greasy feel and a peculiar odor when 
moistened by one's breath. 

Kaolinite and most of the other clay minerals are hydrous aluminum 
silicates. They are almost universal in occurrence, however, pure kaolinite 
or other clay minerals are comparatively rare. In Minnesota nearly pure 
kaolinite occurs at places along the Minnesota River Valley where it formed 
by the weathering of granite and similar rocks. It is also encountered in 
drilling wells in central and western Minnesota over a wide area. The vari
ous clay minerals occur abundantly in the shale and glacial clays of 
Minnesota. 

AMPHIBOLE AND PYROXENE GROUPS 

These two groups are the most complex of any of the common minerals 
both chemically and in the number of members. The two are much alike 
but have fundamental differences which proves them to be separate groups. 
The principal physical difference is in cleavage and prism angles which in 
amphiboles intersect at about 56 0 and 124 0 whereas in pyroxenes the 
angles are 87 ° and 93 ° . The hardness (5-6) , specific gravity (2.9-3.6), chemi
cal composition, luster, etc. are much the same. The chemical composition 
of members range from fairly simple to very complex silicates of mag
nesium, calcium, iron, aluminum and less commonly sodium, and lithium. 

The most abundant member of the amphibole ·group is hornblende. It is 
dark green, brown, or black in color and is a common constituent of granite, 
syenite, gneiss and schist. 

Augite is the abundant member of the pyroxene group and has the 
characteristics of amphibole except for the cleavage and prism angles; 
also the crystals are short and stubby rather than long and slender as in 
the amphiboles. In general, augite occurs in gabbro and similar dark
colored rocks rather than in granite and light-colored rocks. Some of the 
members of the amphibole and pyroxene groups which contain calcium 
and magnesium but not iron are white to gray; with increasing iron the 
color is light to dark green to black. 

Pyroxenes and amphiboles are abundant in the dark igneous and meta
morphic rocks throughout Minnesota. 

BARITE 

Barite, barium sulfate, is also called "heavy spar" because the heavy 
element barium gives it a high specific gravity (4.5) for a nonmetallic 
mineral. It crystallizes in the orthorhombic system and good crystals are 
fairly common but the abundant occurrence is as coarsely cleavable masses . 
Tt is colorless, white or less commonly blue, yellow and green and h as a 
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vitreous or pearly luster. It has 3 good cleavages and superficially the 
cleavage fragments may resemble those of the calcite group. Its hardness 
is also about the same as calcite (H.3). 

In Minnesota barite occurs in veins on Pigeon Point and Susie Island. 

CHLORITE GROUP 

The chlorites form a group of several members with a very complex· 
chemical composition. They are hydrous silicates of aluminum, magnesium, 
and iron. As indicated by the name, the chlorites are green. They do not 
form good crystals as a rule but on occasion form coarse plates which 
strongly resemble mica; however, the cleavage flakes are not elastic. The 
chlorites are soft (H.-2), have a soapy feel, and may occur as a dark green 
earthy material. 

The chlorites are of secondary origin, usually resulting from the altera
tion of such minerals as pyroxene, amphibole, biotite mica, garnet, etc. 
Chlorite is abundant in the greenstones of northern Minnesota also as an 
alteration product in the lavas of the North Shore of Lake Superior. A 
brilliant green chlorite occurs as scales and flakes in the quartz veins of 
the Soudan mine. This is the variety thuringite an iron chlorite. 

EPIDOTE 

Epidote is actually a group of three minerals to which the names epi
dote, zoisite, and clinozoisite are applied. For the present purpose it will 
be sufficient to consider epidote as representative of the group. Chemically 
it is a very complex mineral, as it contains calcium, iron, aluminum, silicon, 
oxygen, and hydrogen. It crystallizes in the monoclinic system but crystals 
are not abundant. The mineral usually has a pale yellowish-green color 
but may vary considerably. It is hard and moderately heavy for a silicate 
(H.3.3-3 .5). Epidote is an example of a secondary mineral, as it does not 
crystallize directly from lava or magma but forms by alteration of feldspar, 
pyroxene and other calcic and aluminous minerals or less commonly by 
precipitation from hot solutions. In Minnesota epidote is a common mineral 
in the basalts and other dark rocks along the North Shore of Lake Superior. 

GARNET 

Garnet, strictly speaking, is a group or family of minerals. They are 
complex aluminum silicates and the different varieties are determined by 
the presence or absence of calcium, magnesium, iron, manganese, and 
chromium. 

Garnets range widely in color from colorless to red, green, yellow, 
brown, and black. Garnet crystallizes in the isometric system and the 
common forms range from the dodecohedron with 12 faces to complicated 
crystals with 24, 48 faces, etc. It is normal for garnet to occur as good 
crystals but it also occurs in a massive form. Garnets are hard (H.7.5) and 
the principal use is as an abrasive on garnet paper which is superior to 
sand paper. One variety called pyrope has a deep blood-red color and is 
used as a semi-precious stone in pins, rings, etc. 

Garnet is not an abundant mineral in Minnesota but it occurs in many 
rocks in northern Minnesota, in the Mississippi Valley near Little Falls, 
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and along the Minnesota River Valley. It can usually be identified by the 
fact that it occurs as small equidimensional crystals in the known Minne
sota occurrences. 

GRAPHITE 

Graphite is familiar to everyone in the form of the "lead" in lead pen
cils which are made with graphite, not with lead. Carbon crystallizes in 
the hexagonal system forming graphite and in the isometric system form
ing diamond. Graphite crystals are rare, the mineral usually occurring as 
flakes, scales, and compact, or needle-like aggregates. It is opaque, black 
to dark gray in color, very soft, has a shiny black streak, metallic luster 
and a greasy or smooth feel. Graphite is a good conductor of heat and elec
tricity and is resistant to acids and heat. It occurs in a few of the schists 
of northern Minnesota particularly in Carlton County but is not an im
portant mineral in the state. 

HEMATITE 

Hematite is probably the most important mineral in Minnesota from 
an economic standpoint, although goethite and magnetite are nearly as 
important. It consists of two atoms of iron and three of oxygen (Fe20 3). 
It occurs as several varieties which have a very different appearance and 
are misleading to the beginning student of minerals. The well-crystallized 
hematite may form rhombohedral crystals of black color and bright luster. 
This variety is called specular iron or specular hematite. A variation is the 
so-called micaceous hematite which occurs as aggregates of thin micaceous 
flakes . Other varieties are columnar aggregates, or kidney ore, which is 
also black to dark red in color. A very common occurrence is as earthy 
(clay-like) material of a bright-red color. Whatever the variety, the powder 
or streaks of hematite is always red. The crystalline mineral is very hard 
(H.6.5 ) and has a high specific gravity (G.5.2). In a finely disseminated 
state it is r esponsible for the red color of many rocks. 

Hematite is one of the abundant iron minerals of the Mesabi and Cuy
una distr icts and is practically the only iron mineral in the ores of the 
Vermilion dist r ict. 

ILMENITE 

Ilmenite consists of iron, titanium and oxygen (FeTi03). It is black, 
metallic, heavy (G.4.5-5) hard (H.5-6) and so closely resembles magnetite 
that the two can be easily distinguished only by the greater magnetism of 
magnetite. It usually occurs as granular or compact masses, crystals are 
rare. To make matters more complicated magnetite and ilmenite usually 
occur together either as granular aggregates or as crystallographic inter
growths forming so-called titaniferous magnetite. In this form it is a com
mon constituent of gabbro, diabase, and basalt and occurs as nearly pure 
masses along the northern margin of the Duluth gabbro mass. 

LIMONITE (GOETHITE) 

Limonite has the same ratio of iron and oxygen as hematite but in 
addition has one molecule of water combined with the iron oxide, thus 
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the chemical formula is Fe20 3 . H20. Properly speaking the correct name 
for the crystalline mineral is goethite but limonite is commonly used. In 
scientific terminology limonite is an earthy impure form analagous to clay. 
It forms a soft yellow deposit known as "bog" ore in swamps and it is de
posited at many seepage springs where iron dissolved in water is oxidized 
and precipitated. Common iron rust is essentially the same material. As 
goethite, the mineral forms concretions, mammillary masses, etc. 

It is an abundant constituent of iron ores of the Mesabi and Cuyuna 
districts where it forms yellow or brown ore in contrast to the red of hema
tite. In crystalline masses the mineral is hard (5-5.5) and has a specific 
gravity of 4.2, that is, it is moderately heavy. 

It ranges from yellow to dark brown or almost black but the streaks 
or powder is always yellow. In fact, as a fine powder it is used as a pigment 
known as yellow ocher. 

MAGNETITE 

Magnetite is a unique mineral in that it is much more highly magnetic 
than any other mineral. It consists of three atoms of iron and four of 
oxygen. Its chemical formula is, therefore, FeaO~ . The mineral is black 
heavy (G.4.2), and hard (5-5.5 ), about as hard as the best steel. 

Magnetite crystallizes in the isometric system and the common form of 
the crystals is octahedral, that is, 8 faces symmetrically grouped about 3 
equal axes at right angles, but more often it occurs as aggregates of grains, 
or massive and even as grains forming the so-called "Black Sand." Mag
netite is a common mineral and is a constituent of such dark-colored 
igneous rocks as gabbro and basalt, which occur along the North Shore 
of Lake Superior. It is the important constituent of taconite on the Mesabi 
Range where its magnetic properties have resulted in the large plants be
ing built to concentrate it by magnetic separation. Black sands occur along 
the North Shore of Lake Superior and a small amount of such sand may 
be obtained from many of Minnesota sand and gravel pits. 

MANGANESE MINERALS 

There are a number of manganese minerals which occur fairly abun
dantly in nature but usually are rather localized, thus in ,Minnesota they 
are found mainly on the Cuyuna and Mesabi ranges. Manganese is useful 
for many purposes particularly in the conversion of iron to steel. Only a 
few of the many manganese minerals will be described as they are the 
only ones of importance in Minnesota. 

Manganite 

Manganite is characterized by its occurrence as aggregates of prismatic 
or needle-like monoclinic crystals. It is harder than pyrolusite and softer 
than psilomelane (H.4) and is moderately heavy (G.4.3). It is black and 
has a brownish black streak. Its composition is essentially manganese plus 
water, technically its formula is MnO (OH). Beautiful aggregates of needle
like crystals occur in some of the mines on the Cuyuna district. Manganite 
often alters to pyrolusite so may have a very soft black coating. 
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Groutite 

There are numerous chemical compounds which have the property of 
crystallizing in more than one system and are therefore said to be di
morphous. Carbon as diamond and graphite furnish a good example. Thus 
Professor Gruner of the University of Minnesota in 1947 recognized that 
certain jet black crystals from the Cuyuna iron mines were not manganite 
but the same compound crystallized in the or thorhombic system rather 
than the monoclinic system. The mineral was named groutite after Pro
fessor Emeritus Frank F . Grout of the University. The specific gravity is 
4.17 and the hardness 3.5. 

Pyrolusite 

Pyr olusite is a soft (H.1-2.5), black, massive or earthy mineral that will 
soil the fingers when rubbed. It is composed of manganese and oxygen 
(Mn02) ' The mineral is heavy (G.4.8) except in a very porous, earthy 
form. It sometimes occurs as needle-like crystals and these are often in
herited from manganite, they belong to the tetragonal system. The mineral 
occurs in various forms, compact, radial fibrous, columnar, stalactitic, etc. 

Psilomelane 

Psilomelane, in contrast to pyrolusite, is hard (H.6-6.5). It occurs in 
botyroidal, reniform, and stalactitic forms rather than as individual 
cr ystals. The composition is variable and several varieties are recognized. 
P silomelane proper is mainly manganese oxide plus water and barium. A 
common var iety consists of manganese oxide plus potassium. The mineral 
is steel gray to black in color and the streak is black to brown. The luster 
is dull. 

MICAS 

Micas form a group or family of minerals and are among the easiest 
minerals to identify, for they possess a perfect cleavage along one plane 
usually r eferred to as basal cleavage. The cleavage lamina ar e elastic 
which ser ves to distinguish the micas from miner als with similar cleavage 
such as chlor ite. There are several members of the group but only two 
need description for the present purpose. Muscovite is a clear, transparent 
variety and biotite a brown to black variety. The micas have an extremely 
complex chemical composition but muscovite is essentially a potassium 
aluminum silicate plus some hydrox yl, that is, oxygen and hydrogen. 
Biotite has the same composition plus magnesium and iron. The micas are 
soft (H.2-3) and can be easily cut to desired shapes. 

The micas are constituents of many granites, granite gneisses and form 
an essential part of mica schist. The micas are abundant in many Minne
sota rocks and flakes may usually be seen in the pebbles of almost any 
gravel pit. Muscovite is a useful mineral , particularly in electrical appli
ances but commercial deposits are not known to occur in Minnesota. Biotite 
tarnishes to a golden yellow where exposed to weathering and is then often 
mistaken for gold. 
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MINNESOTAI1'E 

In the iron-bearing rocks of the Mesabi and some other districts a 
colorless mineral consisting of microscopic needles makes up a part of 
some beds. This escaped identification for many years but in 1944 Professor 
John W. Gruner of the University of Minnesota identified the mineral and 
described it in detail. He named it in honor of Minnesota because of its 
impor tance on the Mesabi range. 

In compact masses of fibers the mineral is a light greenish-gray in color 
and has a specific gravity of 2.99 to 3.03 and a hardness of 2.5. It is a 
hy drous iron, magnesium silicate and is closely alli~d to the mineral, talc. 

NATIVE COPPER 

When a metal occurs free in nature, that is, not combined with another 
element or elements the mineral is named by putting the word native 
ahead of the name of the metal . 

Native copper is red, and very heavy, having a specific gravity of 8.8 . 
It is soft and malleable and this accounts for its occurrence in the glacial 
drift of Minnesota as so-called " float copper." Small amounts occur in the 
lava flows along the North Shore of Lake Superior. But large mines have 
produced the native metal of Keweenaw Point in Michigan for over 100 
years. Small amounts have been found in the Soudan iron mine along with 
chalcopyrite. A large, boulder-like mass was discovered in the glacial drif t 
above an iron deposit in the Cuyuna district and is on display in the School 
of Mines, University of Minnesota. 

NATIVE GOLD 

Gold is very rare in Minnesota but small amounts have been found at 
a few localities in the northern part of the state. Because a few other 
minerals have a superficial resemblance to gold it is often mistakenly re
ported. As everyone knows pure gold has a golden-yellow color and no other 
mineral really resembles it in color. They are usually pale by comparison, 
however, some native gold is a lighter yellow due to the presence of silver . 
Gold crystallizes in the isometric system but crystals are rare. It is soft 
(H.2.5-3) malleable, ductile, and very heavy. The specific gravity of pure 
gold is 19.3. 

The minerals most often confused with gold are pyrite, chalcopyrite 
and biotite mica which has tarnished a golden color on exposure to 
weathering. P yrite is harder than steel whereas gold is soft; chalcopyrite 
is soft but brittle w hereas gold is malleable and ductile; mica is flaky 
and tiny flakes may be pried off with the point of a knife blade and it is 
extremely light weight as compared to gold. Pyrite and chalcopyrite have 
a greenish streak or powder whereas even the fine bits of gold maintain 
their bright yellow color. 

OLIVINE 

Olivine rarely occurs alone but is found typically in black rocks such 
as gabbro. The mineral is a silicate of magnesium and iron and rarely 
occurs as good crystals but as grains mixed with other minerals. It is hard 
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(6.5-7) and owing to a compact structure, ha~ a somewhat higher specific 
gravity than most common silicates (3.2-3.6). The color ranges from olive 
to dark green or brown. A transparent green variety is known as the gem 
peridot. 

In Minnesota olivine is an abundant constituent of the gabbros and 
basalts which occur especially from Duluth to Pigeon Point and inland 
nearly to Ely. The mineral must, however, be recognized in the rocks as 
it is not known to occur alone anywhere in the state. 

PECTOLITE 

Pectolite is a hydrous calcium-sodium silicate. It normally consists of 
radiating aggregates of acicular crystals which have very sharp ends. It is 
white to grayish in color, translucent to opaque, fairly hard (5), and normal 
specific gravity (2.7-2.8). 

It occurs in veins and irregular aggregates in the lava flows and gabbros 
of the North Shore of Lake Superior. 

PREHNITE 

Prehnite is a silicate of calcium, aluminum and water, which in its 
nature and occurrence closely resembles the zeolites. It has a pale, apple
green color, is hard (6-6.5), has a vitreous luster and occurs with calcite, 
zeolites, etc. in veins and cavities in the lava flows and gabbros of the 
North Shore of Lake Superior. Crystals are rare but globular masses con
sist of groups of needle-like or prismatic aggregates. Prehnite fuses easily 
and is dissolved by acids after fusion. 

STAUROLITE 

Staurolite is known for its twinned crystals, the most striking being 
right angle crosses. In fact the name is derived from the Greek, stauros, 
a cross, and lithos, stone. It is a hydrous silicate of iron and aluminum, has 
a high hardness (7.5) and moderately high specific gravity especially for 
a silicate (3.7). The color is dark brown to gray usually with a dull luster. 
The crystals are orthorhombic and the mineral normally occurs as either 
simple forms or twins including the cruciform twins noted above. In Min
nesota it occurs as crystals embedded in mica schist, along the Mississippi 
River below Little Falls and at a few other places in similar rocks. 

STILPNOMELANE 

In 1924 Professors Grout and Thiel recognized the comparatively rare 
mineral stilpnomelane in veinlets in the iron-bearing rocks of the Cuyuna 
district where it may still be collected in mines. Later Professor Gruner 
recognized the mineral as abundant microscopic needles and plates in the 
iron-bearing rocks of the Mesabi and Cuyuna ranges. The mineral is vari
able in composition but essentially a hydrous iron, magnesium, aluminum, 
silicate but in contrast to minnesotaite contains much ferric as well as 
ferrous iron. The specific gravity ranges from 2.70 to 3.00 and the hardness 
about 1.5. The color in large grains is black or greenish black. Particularly 
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large veins of stilpnomelane occur in one part of the Arco pit on the 
Cuyuna Range. 

SULFIDES 

Bornite 

Bornite is a sulfide of copper and iron with a different riltio of the 
elements than chalcopyrite. The formula is Cu:;FeS4 . In Minnesota it is 
known in easily recognizable masses from a calcite vein on Susie Island in 
Lake Superior. On a fresh surface it has a bronze or copper-red color which 
quickly tarnishes to iridescent colors but the streak is gray-black. It is 
soft (3) and heavy (specific gravity 4.9-5.2), crystals are rare and it usually 
occurs as metallic masses. 

Chalcocite 

Chalcocite is a simple copper sulfide (CU2S) which usually occurs as 
gray, metallic masses but tarnishes easily to black, blue, or greenish. It is 
soft (3) and heavy (5 .5). In Minnesota its principal occurrence is with pyrite, 
bornite, and chalcopyrite in a calcite vein on Susie Island in Lake Superior. 

Chalcopyrite 

Chalcos is the Greek word for copper, therefore chalcopyrite is a copper 
pyrite, that is, it consists of one atom of copper, one of iron, and two of 
sulfur. The mineral is yellow, not brassy, as is pyrite and moreover it is 
soft as compared to pyrite. The hardness is 3.5 to 4 and therefore can be 
easily scratched by a knife blade. It has a metallic luster and is somewhat 
brittle in contrast to gold which is malleable. Its specific gravity is 4.2, in 
contrast to gold which is 19.3. 

Chalcopyrite rarely occurs as good crystals. Instead it forms mineral 
masses in large quantities in copper mines. The crystals, where found be
long to the tetragonal system. It is one of the most important sources of 
copper. 

Chalcopyrite is known to occur with nickel minerals in a deposit south 
of Ely which is currently being explored. Small amounts have been en
countered in the ores of the Soudan iron mine and in a copper vein on 
Susie Island in Lake Superior. 

Marcasite 

Marcasite is similar to pyrite having the same composition but crystal
lizing in the orthorhombic system. It is somewhat pale as compared to 
pyrite. It is less stable also and is liable to decompose on exposure to 
moist air. 

Pyrite 

P yrite, the common form of iron sulfide, has one iron and two sulfur 
atoms. It crystallizes in the isometric system and perfect or nearly perfect 
cubes occur widely. It also occurs in massive, granular, botyroidal and 
other forms that have a metallic luster. The mineral has a pale, brassy 
color but often tarnishes to yellow which causes it to be mistaken for gold 
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whence the name "fools' gold." Its tarnished color also resembles chalcopy
rite but pyrite is much harder than either gold or chalcopyrite; in fact, it 
is harder than steel (H.6-6.5) . 

Pyrite has no cleavage but breaks with an uneven fracture. The streak 
or very fine powder is greenish-black which also differs from gold. In com
mon with other metallic sulfides, pyrite is heavy (G.5). 

Pyrite is somewhat unstable in the presence of moist air, and oxidizes 
and hydrates to form limonite. Crystals or masses often have a coating of 
limonite but an interior of unaltered pyrite. Concretionary masses of pyrite 
coated by iron oxide are common in the Cretaceous rocks of western Min
nesota. 

Pyrite occurs at many places in Minnesota but is abundant only in one 
deposit near Glen Lake in Aitkin County. It is a common associated mineral 
with sulfides of the useful metals copper, lead, zinc, etc. Pyrite is not used 
much in the United States where iron and sulfur are abundant in other 
minerals; however, in Europe, Japan, and elsewhere it is a source of sulfur 
with iron as a by-product. 

Pyrrhotite 

Pyrrhotite is a somewhat variable compound of iron and sulfur with 
one atom of iron and one plus of sulfur. It is characterized by weak mag
netism, an unusual property for a sulfide. It is reddish bronze yellow in 
color and usually tarnishes to dark brown. It is much softer than pyrite, 
i.e. , a hardness of 3.5 to 4.5 as compared with 6 for pyrite. Crystals (hexa
gonal) are rare but instead it occurs in a massive form. It occurs in small 
amounts in the gabbro along with nickel and copper minerals, and also 
with pyrite in a deposit which has been drilled near Glen Lake in Aitkin 
County. 

ZEOLITE GROUP 

This is a complex group of silicates characterized by a high content of 
water of crystallization. The principal elements are calcium, sodium, potas
sium, aluminum, and silicon along with hydrogen and oxygen. They have 
a composition that much resembles the feldspars plus a relatively large 
amount of water. 

The zeolites commonly occur as good crystals or fibrous aggregates. 
They are soft to moderately hard (3.5-5.5) and have a low specific gravity 
(2-2.4) largely a result of the high water content. Most zeolites are colorless 
but may assume various light colors as a result of impurities. 

Zeolites occur rather commonly in the lava flows and other rocks of 
the north shore of Lake Superior. They occur mainly in cracks, and cavities, 
particularly in the vesicular tops of lava flows. 

In Minnesota the most prized mineral of the zeolite group is thomsonite 
which originally occurred in abundance at Thomsonite Beach at the west 
headland of Good Harbor Bay, five miles west of Grand Marais. The min
eral has a radiating structure with variable color along the length of the 
fibers. The chemical composition is complex, essentially a hydrous sodium, 
calcium, aluminum silicate. At Thomsonite Beach the mineral occurs as 
small spherical concretions of radiating fibers as fillings of vesicles in a 
basaltic lava flow. The mineral has been cut and polished by lapidarists 
for semi-precious uses. 
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XONOTOLITE 

Somewhat allied to the zeolites in occurrence is the rare mineral, xonoto
lite. This was first identified in a Minnesota specimen furnished E. S. Lar
sen, Jr. of the U. S . Geological Survey by Melvin Green, a Cook County 
prospector. Later the same mineral was found in a vein at Silver Creek 
cliff by G. M. Schwartz. The mineral is exceedingly hard (6.5) and is tough 
as a result of a very fine interlocking mat of fibers. On a fresh surface it 
has a delicate pink color but fades on exposure to a dull light gray. In both 
Minnesota occurrences it is associated with prehnite and at Silver Creek 
cliff also with pectolite. 

ROCKS 

What is a rock? It is any naturally occurring mass that forms an essen
tial part of the earth's crust. Most rocks are composed of aggregates of 
minerals, but there are some rocks that are composed of a single mineral, 
such as beds of rock salt and of gypsum. Furthermore, some masses in the 
earth that do not contain any minerals, are classified as rock. Coal is com
posed largely of organic materials but geologists classify it as rock. There 
are also other exceptions, such as the natural glasses which cooled from 
lava so fast that no minerals formed. 

In texture rocks may be loose and incoherent as in sand. gravel, vol
canic ash, etc. , or they may be extremely dense, hard and solid as in granite. 

There are three main types of rocks, each of which was formed in a dif
ferent way. These types are igneous, sedimentary, and metamorphic rocks. 

Igneous Rocks 

Rocks formed from molten or liquid lavas and magmas that cooled and 
solidified are called igneous rocks. Igneous means fire-formed :rock. The 
term is related to ignite. The particular kind of rock formed depends upon 
the kind of magma that formed it, and its general appearance depends 
upon how fast it cooled. Rapid cooling produces a smooth-grained or fine
grained rock; but if the molten mixture cools slowly the separate mineral 
grains have time to grow into larger particles. Such slowly cooled rocks are 
course grained or "coarsely crystalline" as the mineral grains of a granite. 

Some igneous rocks are formed at the surface of the earth where lava 
is poured out along fractures in the outer crust of the earth or where lava 
spills over the rim of the crater of a volcano and flows down the slope of 
the volcanic mountain. Others are formed from molten rock material that 
is injected into older rock far below the surface of the earth. Such rocks 
may later be exposed at the surface if the overlying rocks are removed by 
erosion. 

Granite 

Granite is a coarsely crystalline igneous rock formed by the slow cool
ing of hot magma deep within the earth. It is composed of grains of ortho
clase feldspar, quartz, and a dark-colored mineral such as biotite (black 
mica) or hornblende. The individual mineral grains, or crystals are suffi
ciently large so that they can be identified readily. Orthoclase is the most 
abundant mineral. The quartz has a glistening luster on its irregular broken 
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surfaces and tends to fill the areas between the orthoclase and the dark 
green to black minerals. 

There are many different color varieties of granite, depending on the 
color of the feldspar. It may be white to gray, tan, brown, or pink to red 
in color, but in Minnesota pink to red colors predominate. On fresh surface 
it has a somewhat glassy luster and it is too hard to be scratched with the 
blade of a knife. 

There are many places in Minnesota where granite masses have been 
exposed over very large areas. The most extensive areas occur in the north
eastern part of the state (north and northeast of the Mesabi Range) but 
there are many smaller areas in Central Minnesota. These include the 
regions of St. Cloud, Denham, Isle, and at many places in the Minnesota 
River Valley from Franklin to Ortonville. Granite boulders and pebbles 
occur virtually everywhere in the state. These represent pieces of rock that 
were eroded or plucked from the granite outcrops over which the glacial 
ice sheets moved. 

Syenite 

Syenite is a coarse-grained igneous rock composed primarily of ortho
clase and hornblende or mica. It resembles granite but contains little or 
no quartz. 

Diorite 

Diorite is a coarse-grained igneous rock composed mainly of plagioclase 
feldspar and hornblende. It is usually dark gray to nearly black in color. 

Gabbro 

Gabbro is sometimes called "black granite" because it is coarse grained 
but is dark gray to black in color. It contains dark green to black pyroxene 
and gray plagioclase. Most gabbros contain very little if any quartz. 

Gabbro is a very common rock in Minnesota. It forms the great Duluth 
gabbro mass, one of the largest intrusions of basic igneous rocks in the 
world. Boulders and pebbles derived from this mass are found in the glacial 
drift over a large area in central and eastern Minnesota. 

Anorthosite 

A coarse-grained rock composed mainly of plagioclase feldspar. 

Basalt 

Basalt is dark gray to black or greenish black in color when freshly 
exposed, or brown to reddish brown when altered by weathering. Basalt 
is forming today where lava on the Hawaiian volcanoes solidifies slowly. 
In mineral content it corresponds to gabbro, but it is fine-grained and 
dense, whereas, gabbro is coarse grained. 

Commercially basalt is known as "trap rock." It is formed most com
monly as surface lava flows, but it may also be found as small dikes and 
sills intrusive into pre-existing rocks. Most of the hundreds of lava flows 
along the North Shore of Lake Superior are basalt. Similar rock occurs 
at Taylors Falls and also east of Pine City and at various places in eastern 
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Pine County. The so-called Ely Greenstone on the Vermilion Range is a 
very ancient basalt. _ 

Ellipsoidal basalt or "pillow lava" are terms applied to oval-shaped 
masses of lava that form in some lava flows. The "pillows" vary in size 
from several inches to as much as four feet in their longest dimensions. 
Such oval masses are known to form where lava pours out under water. 

Amygdaloidal basalt is a general name for basalts that contain numer
ous gas cavities or vesicles filled with secondary minerals. Such basalts 
are common in the lava flows along the North Shore of Lake Superior. In 
that area the vesicles are commonly filled with calcite, quartz, agate, chal
cedony, zeolites, or epidote. The zeolite known as thomsonite is abundant 
and at places the fillings occur as pebbles in the beach sand and gravel. 

Felsite 

The name felsite is given to any light-colored, fine-grained igneous rock 
that has the same texture as basalt but is light gray, pinkish, or reddish 
brown in color. It forms from lava flows that contain less iron and more 
silica than basalt. Some felsite flows are interbedded with basalt flows 
along the North Shore of Lake Superior. 

Diabase 

A diabase has the same mineral composition as a basalt or gabbro. It is 
a dark green to black rock with lath-shaped plagioclase crystals embedded 
in pyroxene. It forms in dikes, sills, and other small intrusive masses many 
of which occur in and between the lava flows of the North Shore of Lake 
Superior. 

Porphyry 

A porphyry is an igneous rock in which certain mineral constituents 
are conspicuously larger than the fine-grained matrix in which they are 
embedded. The larger crystals may be plagioclase feldspar in a dense, black 
matrix or quartz and orthoclase in a light gray to pinkish gray, dense, 

Texture 
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or 
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Fragmental 
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With Without 
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fine-grained matrix. The term phenocryst is applied to the large crystals 
in a porphyry, regardless of their mineral composition. 

Sedimentary Rocks 

Sedimentary rocks are formed from sediments. A sediment is some
thing that settles, for example, dust or sand settles from the air and comes 
to rest on land or under water. Sedimentary rocks were made from frag
ments or grains that have been worn off from older rocks by wind water 
or ice and transported to some basin of accumulation where they' settled 
to form layers of mud or sand. Some mineral matter is also transported 
in solution. 

When the sediments first settled they were unconsolidated layers of 
gravel, sand, mud, and chemically precipitated oozes. Eventually hundreds 
and even thousands of feet of sediments accumulated and the layers at the 
bottom became hardened into rock by pressure and chemical cementation: 
The sand became standstone, the mud became shale and the limy oozes 
with shell fragments became limestone. 

Sandsione 

Sandstone is a rock composed of sand-sized mineral particles more or 
less well ' cemented. It is easily recognized by the grains of sand which are 
dislodged or scratched loose when the rock is scraped with the steel of a 
geologist's pick or with a piece of another hard rock. The grindstone used 
by the pioneers in this region, was a piece of well-cemented fine-grained 
sandstone. 

Most sandstones are composed of grains of quartz. The grains may be 
angular or rounded and they are held together by some natural cement 
or matrix such as calcium carbonate, iron oxide, silica, or pyrite. The quartz 
grains may sparkle in the light from reflections from their crystal faces, 
or they may have dull, frosted surfaces. Red sandstones have their sand 
grains coated with red iron oxide, the mineral hematite. 

Sandstones occur interbedded with shales and limestones in much of 
the southern part of Minnesota. Most of them are composed of white, pure 
quartz sand such as the white St. Peter sandstone that crops out in the 
walls of the Mississippi River gorge in the Twin Cities. The Jordan sand
stone is older, but it also is exposed in the valley wall of the Mississippi 
from Red Wing southward to the Iowa state line. Still older sandstone may 
be seen along the valleys from Winona to La Crescent and westward up 
the Root River Valley. All of these white sandstones are so poorly cemented 
that they do not hold together to form boulders and gravel pebbles. 

Reddish brown and pink sandstone occurs in the so-called Red Clastic 
Series of beds that crop out along the St. Louis River at and near Fond du 
Lac southwest of Duluth. This rock is sufficiently well cemented so that 
many pieces were transported by the glaciers and deposited in the glacial 
drift. They are most abundant in a zone southwest from Duluth through 
Hinckley and westward into central Minnesota. 

Conglomerai e 

A conglomerate is a sedimentary rock composed of coarse rock frag
ments of gravel, pebble, and boulder sizes, cemented together, with more 
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or less sand and clay between the larger fragments. It is a conglomeration 
of rock fragments as one would find loose today in a stream bed or a lake 
or ocean beach or in the walls of a gravel pit. 

There are hundreds of feet of thoroughly cemented and solid conglom
erate beds, extending over large areas, associated with the ancient P re
cambrian rocks of northeastern Minnesota. All conglomerates are formed 
by the breaking down of older rocks. A typical and easily-recognized con
glomerate crops out in the Minnesota River Valley on the north side of the 
river a short distance downstream from New Ulm. It is exposed on High
way 14 where it forms a low ridge from the highway toward the river. 

Shale 

Shale consists of compacted or hardened, very fine-grained clay, silt, 
mud, or a mixture of these substances. It will return to mud if it is wetted 
and rubbed. Some shales are so soft that they can be cut with a knife and 
when they dry they crumble readily. Others are hard and some which 
contain considerable fine quartz silt are as hard or harder than limestone. 

Most shales are thinly bedded or laminated and whether soft or hard, 
they generally split readily between beds or layers. Their commonest color 
is gray, but green, brown, red, purplish, and black are common. Black 
shales contain much carbonaceous material which was derived from the 
plant remains that were deposited in the clayey muds that formed the 
shale. 

There are thick beds of shale interbedded with the sandstones and 
limestones in southern Minnesota. Shale may occur in thick layers or for
mations from five to sixty feet thick and it ranges downward to paper-thin 
partings between layers of limestone. Water well drillers commonly refer 
to shale as "soapstone" because of its slippery and greasy feel but the 
name is incorrect. True soapstone is a metamorphic rock which is com
posed chiefly of the mineral talc. 

Limesione and Dolomiie 

Limestone and dolomite are two very closely related rocks . Pure lime
stone is composed of the mineral calcite which is calcium carbonate. Dolo
mite is also a carbonate mineral that very closely resembles calcite except 
that it has about equal parts of calcium and magnesium. Most carbonate 
rocks are composed of various proportions of the minerals calcite and dolo
mite and are referred to as dolomite limestone or dolomite, depending upon 
the proportion of each mineral. 

The two rocks can be distinguished by treating them with a drop or 
two of dilute hydrochloric acid. Calcite and pure limestone "bubbles" or 
effervesces actively and eventually dissolves entirely. Dolomite on the other 
hand, reacts very feebly, if at all, with cold dilute acid, but will effervesce 
freely when the acid is heated or if the dolomite is finely pulverized. 

Both limestone and dolomite occur as bedded or layered rock, in thin 
slabs or thick layers which are commonly separated by paper-thin layers 
of shale. Both are sufficiently soft to be scratched with the blade of a knife 
or with a sharp piece of quartz. The rocks are commonly white to grayish, 
but they may be tan, yellowish, or reddish because of the presence of small 
amounts of iron oxides, or they may darken through shades of gray to 
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Mack by the presence of very finely divided black carbonaceous matter 
derived from plant tissue that was deposited with the calcareous ooze that 
hardened to form the limestone and dolomite. 

There are many limestone and dolomite formations in southeastern 
Minnesota. The high bluffs along the Mississippi from Red Wing south
ward are capped by the Shakopee-Oneota dolomite which is several hun
dred feet thick. Another thick series of limestone and dolomite younger 
than the Oneota that occurs in the region south and east of Rochester is 
the Galena formation. A still younger formation, composed almost entirely 
of limestone and dolomite is exposed in Freeborn and Mower counties in 
the region of Albert Lea and Austin. It is the Cedar Valley formation of 
Devonian Age. 

Siliceous Rocks: 

Flint, chert, ferruginous chert, jaspilite, taconite, etc. 
Flint is a very compact, fine-grained, hard rock which consists chiefly 

or wholly of silica. The rock is very brittle and breaks with a smooth, 
rounded or hollowed fracture (conchoidal fracture). The broken edges are 
so sharp that it was used by the Indians to make arrow heads. It is gray 
to black in color with a waxy or dull glassy luster. 

Flint occurs as irregular nodules or lenses and thin layers in other 
sedimentary rocks. When weathered the surface first becomes bright and 
smooth, then it turns into a dull crust which resembles porcelain and is 
called the patina. 

Chert resembles flint but is less uniform in texture. Impurities produce 
colors ranging from light brown, yellow, dull orange and red. The fracture 
is less definitely conchoidal than in flint. It occurs as both thin-bedded 
layers or massive chert formations. Many cherts are contaminated with 
carbonates, and may have fossil forms or oolites, indicating that the chert 
replaced a carbonate, but others show no relations to carbonate. 

Ferruginous chert is a chert with varying amounts of iron in the form 
of iron carbonates, iron silicates, and iron oxides. The siliceous rocks of 
the Minnesota iron ranges consists of various types of ferruginous cherts. 
The granular chert of the Mesabi Range is called taconite. Those that are 
banded red jasper and black iron oxides are called jaspilite. This type of 
chert makes up most of the Soudan iron formation of the Vermilion Range 
at Tower and Ely. 

Nodular chert and flint occurs abundantly in some of the limestone 
formations of southeastern Minnesota. It is especially widespread through
out the Galena formation . Where that limestone has been weathered great 
quantities of residual chert pebbles have accumulated, and many of them 
become incorporated in the conglomerate at the base of Cretaceous sedi
mentary beds. White, gray, and black chert and flint pebbles may be found 
from Goodhue County westward to New Ulm. 

Catlinite or P ipestone 

Catlinite is the name given to a thin bed of indurated clay that is inter
bedded with the massive layers of the Sioux Quartzite in Rock and Pipe
stone counties in southwestern Minnesota. It is named after Mr. George 
Catlin who in 1836 was the first white man to study and describe the rock. 
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A Table of Common Sedimentary Rocks 

Rock Material Composition and remarks 

Arkose ....... . Der ived from dis integra ted granit- Mainly feldspar and quartz 

Breccia 
aid, acidic igneous rock 

Angular fragments and cement 

Conglomerate ....... Rounded pebbles and cement 
Pebbly sandstone .. Sand with scattered pebbles 
Gri t.. ... " ................ " ....................... _ Coarse sand, usually sharp 

Sandstone """'''''''''''''''''''''''''1 Subangular to rounded grains, usu-ally quartz 
Greensand ............... Sand grains and glauconite 

Shale ............... ,,_ .......... " Clay partly indurated 

Limestone ...... . 

Cemented angular fragments of 
any kind of rock 

Cemented pebbles 
Sand grains and pebbles 
Usually cemented coarse sand 
Usually Si02. Cemented beds of 

com.mon sand 
Sandstone conspicuous with glau

conite 
Thin, flaky, or platy 

;g Dolomitic Hmestone _ .. 

Fine particles or shells usually CaCO •. Effervesces in cold HCI 
finely crystalline 

Slightly magnesian with or with- May effervesce mildly in HCI 
out she lls Ul 

'" <l Dolomi te ..... " ..................... " .... .. 

.= 
o Hydraulic limestone . 

~ Lithographic lime-
til stone ............... " .... . 
.3 Traver tine ......... . 
~ 
a. 
'0 
" ... 

P< 

~ 
" 

Chalk ........... " .... "." .......... . 

Shell marl ....... " ... _ .......... . 

Coquina ..... "." ................ " ...... " .. . 

Fine particles mainly crystalline. 
May contain shells 

Argillaceous limestone , sometimes 
called water lime 

Very fine-grained calcareous ma
terial 

Precipitate from springs 

Fine calcareous sediment usually 
of very small shells 

Shells and a shelly calcareous 
paste 

Shells and shell fragments 

CaMg(CO. b Effervesces in hot 
HCI 

Makes a cement that sets under 
water 

CaCO •. A stone used for making 
lithographs 

CaC03. In caves, stalactite and 
stalagmite 

Usually a fine white or gray lime
stone of light weight 

CaCO. . Usually fresh-water shells 

'ij Oolite ... "." .... "................................ Small spheroidal granules 
CherL"" ...... " ............ "." .. " ..... _... Compact opaline silica 

A limestone made up of conspicu
ous shells and shell fragments 

Calcareous or siliceous 
Si02. Lenses a nd nodules in lime

stone. Some massive beds '" .<: 
" o 
Pi 
" c:: 

Diatomite, or diato-
maceous earth ........... . 

Lignite ..... " ............................... . 

cu .Coal ....... " ................ _ 

Gypsum 

Salt ..... 

Bedded iron ore ... 

Fine siliceous framework , or frus
tules, of diatoms 

Light in weight and usually white 

Preserved and compressed plant Early stage in coal formation 
material 

Carbonaceous plant material with 
plants usually inconspicuous 

Chemical precipitate due to evapo
ration 

Chemical precipitate due to evapo
ration 

Usually means ordinary bitumi
nous coal 

CaSO., + 2HoO. Without water i t 
is anhydrite 

NaCl. Clear crystals are halite 

Oxides, carbonates, and sulfides. Usually hematite or limonite. Some 
Clastic and non-clastic is pyrite or siderite 

Catlinite is more commonly known as "pipestone" because it was quarried 
and carved into pipes by the various Indian tribes that inhabited the area. 

The "Pipestone" layer is from 15 to 18 inches thick and its prevailing 
color is deep red but some of it has been replaced by a white or yellowish 
white mineral . The rock is composed mainly of sericite which is a very 
fine-grained white mica. The red color is produced by fine red iron oxide 
which is present in very small amounts. The light mineral that replaces 
the sericite is pyrophyllite which is a soft aluminum silicate mineral. 

Metamorphic Rocks 

Metamorphic rocks are changed rocks that result from the transforma
tion or recrystallization of pre-existing igneous, sedimentary, or meta
morphic rocks. The changes are brought about by heat, pressure, mineral
bearing water or a combination of these agents. The change produced is 
known as metamorphism and as there are all degrees and modes of meta
morphism, it is apparent that there are innumerable types and varieties of 
metamorphic rocks. 
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In some localities metamorphism has destroyed all trace of the rock's 
original nature, so that one cannot distinguish a metamorphosed granite 
from a metamorphosed conglomerate. In other places the original nature 
of the rock is readily discernible. The textures of most metamorphic rocks 
are different than those of most igneous and sedimentary rocks . The chief 
difference is the way in which the minerals fit together. In igneous rocks 
which crystallize in a more or less orderly fashion, the minerals are inter
locked. The last minerals to form fitting into whatever spaces that remained 
after the previous ones had crystallized. In coarse-grained sedimentary 
rocks such as sandstone, one can observe readily that the grains are in 
simple contact and the spaces between them are filled by some cementing 
material. In most metamorphic rocks, on the other hand, the minerals fit 
together without interlocking and without introduced cement. There are 
a few exceptions such as certain types of quartzites. 

Under conditions that produce metamorphism, granite is changed to 
gneiss (pronounced "nice" ), shale is changed to slate, limestone is changed 
to marble and sandstone is changed to quartzite. There are scores of va
rieties of metamorphic rocks found in Minnesota. A few of the more com
mon ones are described in the following paragraphs. 

Slate 

Slate is a dense rock characterized by a highly developed cleavage that 
permits it to split into thin, broad sheets. It is formed by the metamorphism 
of very fine-grained sedimentary rocks such as shales, siltstones, volcanic 
tuffs, and others. Where such rocks were tilted, folded, and squeezed dur
ing the process of mountain building, the pressure was so great that the 
rocks developed a slaty cleavage, generally at right angles to the direction 
of major stress. 

Slates vary in color from medium to dark gray if the original rock was 
contaminated with carbonaceous material, to green if chlorite is abundant 
and red if earthy hematite is present. They commonly are named from the 
predominant color or most conspicuous mineral. There is no sharp boundary 
between slates and shales. 

Slate is the most abundant metamorphic rock in Minnesota. In the Ver
milion district the Knife Lake slates extend westward from Saganaga Lake 
on the east, beneath a cover of glacial drift to beyond Vermilion Lake. The 
Virginia slate occurs along the south border of the Mesabi Range and slates 
crop out also at many places in Carlton County. 

Phyllite 

A phyllite is a fine-grained micaceous rock of uniform composition. It 
is coarser and more lustrous than slate but too fine-grained to be classed 
as a schist. In phyllites the mica flakes are generally large enough to be 
distinguished with the unaided eye, but most of the other material is very 
fine-grained. The phyllites represent a degree of metamorphism greater 
than that for slate, but less than for schist. They may grade into either of 
these rocks. Many of the slates in Carlton County grade into phyllites in 
the vicinity of Barnum and Moose Lake. 
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Schist 

The schists are foliated rocks composed of platy or needle-like minerals 
such as micas, chlorites, and amphiboles . Such rocks are easily cleavable 
because their platy grains are in parallel orientation and consequently the 
rock will split readily in the direction parallel to that 'of the cleavage of 
the mineral grains of which it is composed. 

Schists generally are classified on the basis of their mineral composition. 
If micas are prominently developed the rock is called mica schist. If horn
blende is the mineral responsible for the foliation it is a hornblende schist, 
etc. Schists rarely have abundant feldspar. Schists are very abundant in 
the bedrock formations of central and northeastern Minnesota and pebbles 
and boulders of schist can be found in any ~ravel pit. 

Gneiss 

Some Common Minerals of Crystalline Schists 

Generally without 
marked elongation 

Garnet 
Pyrite 
Magnetite 
Quartz 

Generally elongated 
in two dimensions, 

platy or tabular 

Muscovite 
Biotite 
Chlorite 

Generally elongated 
in one dimension, 

needle-like 

Actinolite 
Tremolite 
Hornblende 

A gneiss is a banded, coarsely textured metamorphic rock with irregu
lar foliation . The alternating bands or layers are commonly of unlike min
eral composition. In most gneisses feldspar is a prominent constituent and 
in many instances the presence of large feldspar crystals serves to distin
guish a gn eiss 'from a schist. 

Gneisses are commonly named from the coarse-grained igneous rocks 
from which they were formed. Thus granites are transformed into granite 
gneiss; gabbro into gabbro gneiss, etc. Some gneisses have formed from 
sandstones with a high percentage of feldspar and others, known as pri
mary gneisses, appear to have formed directly f.rom magma during the 
period of consolidation of the molten material. The ancient granites of 
northern Minnesota show various stages in the development of gneissic 
textures and structures and the gneiss at Morton in the Minnesota River 
Valley is a widely used building and monumental stone. 

NON-FOLIATED METAMORPHIC ROCKS 

Not all metamorphic rock have a foliated structure such as seen in 
schists . Some are m assive l ike igneous rocks but can be distinguished from 
them by their mineral composition. In most of such rocks, hot or cold water 
solutions were th e dominant factors in producing the m ineral alterations. 
Typical examples are marble, soapstone, quartzite, etc. 

Marble 

Marble is a crystalline, calcareous rock formed by the metamorphism 
of limestone. The principal mineral is either calcite or dolomite, and the 

24 



texture ranges from fine to grains that are clearly visible to the unaided 
eye. Marble is more compact than limestone, its porosity having been re
duced by pressure and recrystallization. Pure marble is white, but im
purities may give it a great variety of colors. Red, yellow, and brown mar
bles, many of which are very attractive when polished, owe their color to 
varying proportions of compounds of iron. Carbonaceous organic matter 
produ ces gray and black colors, whereas green shades are due to the 
presence of serpentine and chlorite. In Minnesota, there is a small outcrop 
of marble southeast of the village of Denham and drilling in the Cuyuna 
Range area has revealed its presence under the drift. 

Quartzite 

Quartzite is sandstone that has been thoroughly cemented by quartz 
which was brought into the rock in solution and deposited around the sand 
grains. A broken surface of quartzite shows a glassy luster and splintery 
or conchoidal fracture. Impure sandstones, especially those containing 
clayey minerals, form quartzose schists when subjected to dynamic forces 
due to earth movements. Thus there are sandstones showing various de
grees and types of metamorphism. Quartzites formed by simple deposition 
of quartz from cold ground waters are not considered to be metamorphic 
rocks. 

The Sioux quartzite crops out at many places in the southwestern 
counties of Minnesota. Prominent ridges are exposed in the region of 
Luverne, Jasper, and Pipestone. It may be seen also near Courtland and 
in the Minnesota Valley a short distance downstream from New Ulm. The 
Pokegama quartzite is exposed at Pokegama Falls on the Mississippi River 
west of Grand Rapids and at various places along the Mesabi Range. 

Sedimentary Rocks and Their Metamorphosed Equivalents 

Unconsolidated 

Gravel 
Sand 
Mud, clay 
Calcareous ooze 
P eat 

Consolidated 

Conglomerate 
Sandstone 
Shale 
Limestone 
Lignite, bituminous coal 

Metamorphosed 

Conglomerate schist 
Quartzite, quartz schist 
Slate, mica schist 
Marble, calcareous schist 
Anthracite coal, graphite 

Igneous Rocks and Their Metamorphosed Equivalents 

Igneous Rocks Metamorphosed Equivalents 

Granite ..... . ..... Granite gneiss 
Syenite . ...... Syenite gneiss 
Diorite ....................................... Diorite gneiss 
Gabbro ........................................ Gabbro gneiss 
Rhyolite ..... .. .......... .. .. .. ... Mica schist 
Andesite ....................... ........... Hornblende schist 
Basalt ........... ..................... ...... ... Slate, hornblende schist, biotite 

schist, chlorite schist 
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Soapstone 

Soapstone is a rock composed essentially of talc and therefore soft, 
but commonly containing some mica, tremolite, chlorite, and quartz as 
accessory minerals. The rock is light bluish gray or grayish green in color 
and has a greasy feel. It is a product of hydrothermal alteration and con
sequently contains various hydrous silicates. 
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