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Foreword 

When I first came to Minnesota in 1986, I 
went to see a state senator about the 
prospects for the Minnesota Geological 
Survey budget. He said, "Well, Dr. 

Grew, when is the geological survey of Minnesota 
going to be finished? It was started in 1872; aren't you 
people finished yet?" Since he said this with a faint 
smile, I decided it was okay to respond, "Geologic 
mapping will be finished about when the legislators 
finish passing the state laws." He took it well, and we 
got our budget. 

On a more serious note, there is still a good deal of 
misunderstanding about what a geologic map is, and 
why geologic maps of the same area look different 
when different geologists draw them and when time 
has passed between the making of different maps. 
The reasons for this apparent paradox are given in this 
publication. Professor G.B. Morey, Chief Geologist of 
the Minnesota Geological Survey, has been making 
geologic maps of Minnesota since 1958. He is an 
internationally recognized authority on Precambrian 
bedrock stratigraphy and sedimentology, and a 
member of the North American Commission on 
Stratigraphic Nomenclature. I asked Professor Morey 
to write this history of geologic mapping in Minnesota 
because he knows that history well and is one of the 
strongest advocates of geologic mapping I know. 

In 1992 Congress passed, and President Bush 
signed, the National Geologic Mapping Act. Under 
this act, state geological surveys will be eligible to 

participate in cooperative agreements with the U.S. 
Geological Survey for expanded geologic mapping 
activities. 

The Minnesota Geological Survey celebrated its 
120th anniversary in 1992. With the new congressional 
interest in the importance of geologic mapping to the 
nation, the Minnesota Geological Survey joins other 
state surveys in the hope that a new era of geologic 
mapping, aided by the latest technology in computer 
graphics and geographical information systems, will 
enable us to improve our services to society through 
the production of geologic maps. 

Priscilla C. Grew 
Director 
l'.Iinnesota Geological Survey 



Geology is the study of the Earth. The first 
serious observers of geologic phenomena 
recognized that the rocks held a record of 
changing conditions on the Earth; they 

inferred a history of change from indications of relative 
age and time that they could observe directly. This 
historical aspect of geology distinguishes it 
fundamentally from the physical, chemical, and 
biological sciences. 

The Earth as we know it today is the product of 
many kinds of processes. Many of those processes are 
rarely if ever observed, but their signatures are 
recorded in the rocks. It is the geologist's job not only 
to understand how those processes operated in the 
past, but also to place those processes in a chronologic 
framework so better to understand how they have 
changed over time. In their pursuit of the Earth's 
history, geologists reconstruct processes that happened 
on a vast scale and in the remote past, from a rock 
record that is only partly preserved and partly exposed. 
Because only a small portion of the rock record can be 
seen at any given time or place, geologists must use 
maps to position their observations relative to each 
other and bring them down to a manageable scale; they 
then integrate what they have seen with the whole, via 
their imagination. Geologists have a final task: to apply 
their knowledge of process and change to such social 
issues as land use, water supply, earthquake prediction, 
and mining. Thus geologists must be able to make 
sound observations, synthesize those observations in 
new and innovative ways, and make their conclusions 
intelligible to others. 

There are many kinds of geologic maps. In fact, 
any map that portrays the Earth's surface can provide 
some information about the geologic history of that 
place. For example, topographic maps provide 
information about processes that shaped the landscape. 
Soil maps provide information about the parent 
materials from which the soil is formed. Air 
photographs can be used to delineate faults, folds, or 
other morphological features, and to determine the 
distribution of different kinds of rocks. Today, 
geophysical maps are a powerful aid to geologic 
mapping, especially in Minnesota. Computer­
generated images of magnetic variation, or of variation 
in gravity, Owe their form and pattern to the 
distribution and physical properties of rock types in the 
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Earth's crust. The images therefore can be used to 
infer the distribution and physical properties of rocks in 
places where the rocks themselves cannot be seen 
directly. A good geologist will consider and integrate 
observations from these and other sources of 
information when constructing a geologic map. 

In most places in the world, the present geologic 
environment is composed of two classes of material. At 
and near the ground surface there is typically a 
complex layer of unconsolidated material, such as sand, 
clay, gravel, or soil, that overlies and partly obscures 
hard rock at greater depth. Because the physical 
properties and the factors affecting the distribution of 
the near-surface, unconsolidated materials are so 
different from those of the underlying bedrock, the 
surficial materials usually are studied and mapped 
separately from the bedrock. Thus, a surficial geologic 
map shows the form and distribution of unconsolidated 
materials in the surficial layer, and a bedrock geologic 
map shows the form and distribution of rock units that 
underlie the surficial materials. This distinction is 
especially important in Minnesota, where much of the 
bedrock is covered by thick surficial deposits, mainly of 
glacial origin. On a surficial geologic map the bedrock 
is shown only where it is actually exposed; a bedrock 
map, in contrast, not only shows what actually can be 
seen of the bedrock, but also interprets what the rocks 
are like where they are covered by younger materials. 
Thus a surficial map is largely observational, whereas a 
bedrock map can have a large interpretive component. 

Today there is a widely held opinion, both in many 
major research universities and in agencies of federal 
and state government, that geologic mapping is a 
routine activity, which once finished is done forever. 
Many people fail to recognize the interpretive 
component and equate geologic mapping with 
topographic mapping. However, topographic maps for 
the most part use mechanical, instrumental, or other 
routine surveying methods to gather observational data. 
The construction of a modern topographic map 
involves little if any interpretation. 

The appearance of many geologic maps also tends 
to obscure their interpretive component and adds to 
many people's confusion about what they portray. To 
many people, geologic maps, with their contrasting 
colors, structural symbols, and sharply drawn contacts 
between rock units, give the impression that they are 



an objective presentation of clearly distinguishable 
classes of rocks. Yet a bedrock geologic map, especially 
in Minnesota, is first and foremost an interpretation of 
how different kinds of rocks are distributed at the 
bedrock surface. 

Geologic maps also summarize what is known 
about the relative ages or the chronologie history of the 
rocks, generally as a geologic column that accompanies 
the map's explanatory materials. Though a geologic 
column may appear deceptively simple, it, like the 
map itself, contains both a factual and an interpretive 
component. The actual arrangement of rocks within a 
temporal framework (from oldest to youngest, for 
example) depends in large part on observational 
information. However, a geologic column also requires 
a suitable nomenclatural scheme that provides a 
reference frame in which to discuss geohistory. 
Generally, the construction of a suitable scheme 
includes the comparison of the rocks in question 
against a standard stratigraphic sequence that expresses 
ages either by name and subdivision of geologic time, 
or numerically in years. To the layperson, this process 
may seem like a minor interpretive step, but it can lead 
to controversies ranging from worldwide disputes to 
squabbles over boundaries between local rock units. 
Some disputes merely reflect personal biases, but 
others are sustained by differing geologic philosophies. 
It is because of the latter that nomenclatural disputes 
are not trivial. The geologists' nomenclature-their 
language-reflects how they think about chronologie 
relationships among rocks; and how they think about 
the rocks in turn governs their nomenclature. Thus a 
geologic column does not simply sort the rocks into 
separate entities and name the entities; it establishes 
an intellectual framework in which to place the rocks 
and evaluate their histories. 

A geologic map and its column present an 
interpretation of many observations; the quality of that 
interpretation depends on the experience and skill of 
the geologist. Field geologists are presented with a 
wide variety of observational facts, often more than 
they can record or even comprehend at one time. They 
must select aspects of the observational data to 
assemble and reassemble in particular ways defined to 
serve their goals. Such interpretive steps are to a large 
extent based on theories and prejudices held by the 
geologic community at the time a map is made. 
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Although the collection of geologic data may resemble 
the collection of data for other kinds of maps, the 
meaningful assembly of the data requires a crucial 
interpretive step. That interpretive step creates or 
defines bodies of rocks that differ in some way from 
surrounding bodies of rock. Each body is separated 
from the next by some kind of bounding surface-e.g., 
contact, fault, unconformity-which appears as a line 
on a geologic map. For example, a geologic contact may 
separate two contrasting kinds of rock (e.g., sandstone 
and limestone) or it may separate a single kind of rock 
from a mixed unit (e.g., a sandstone or limestone from 
a unit consisting of both sandstone and limestone). In 
Minnesota, bounding surfaces are rarely exposed; 
geologists must use their knowledge of the 
relationships among geologic processes and their most 
likely geometric forms to infer where bounding 
surfaces most likely extend beneath the glacial cover. 

Other factors being equal, geologists with more 
years of field mapping experience are better mappers 
than novices because they have seen more rocks. The 
eye can see only what it is taught to look for, and the 
more it has learned to look for, the more it can see. 
Experienced field geologists also are better able to 
judge the significance of their observations. This 
experience factor also sets apart geologic mappers from 
other map-makers. The makers of engineering or 
instrumental maps are much less dependent on their 
observational abilities and judgments than are geologic 
mappers, because the subject of their maps 
(topography, roads, power lines, sewers, and the like) 
are objects or entities of directly observable shape and 
established physical properties. To "map" them 
requires only that one establish their position in space, 
relative to some frame of reference. Although geologic 
observations also can be mapped spatially by 
mechanistic techniques, the result is a data 
compilation, not a geologic map in the true sense of the 
term. Except in rare cases, geologic data must be 
integrated by the mapper to become models or 
concepts consistent with accepted precepts of Earth 
history and geologic process. Because of this subtle 
distinction between compilations of geologic data and 
true geologic maps, there is an understandable 
tendency on the part of the public to confuse the two. 
Furthermore, data compilations generally can be made 
much faster than geologic maps, which makes them 







older than the one above it). Geologists recognized that 
such an ordering, although developed in only limited 
geographic areas, could ultimately serve as a "type" for 
similar sequences elsewhere, and the network of 
sequence-ordering could gradually be extended across 
the globe on the basis of paleontologic and lithologic 
similarities. They also recognized that a map was the 
best way to illustrate the structural relationships of the 
fossiliferous rock bodies to one another. This 
intellectual breakthrough marked the beginning of 
modern geology. 

Shortly after the American Revolution, the United 
States War Department organized and funded many 
geographic expeditions to Minnesota and areas to the 
west. The confluence of the Mississippi and 
Minnesota rivers was a frequent starting point. The 
explorations of Lieut. Z.M. Pike (1805), Major S.H. 
Long (1817), Lewis Cass (1820), H.R. Schoolcraft 
(1832), and Lieut. James Allison (1832) led to much 
knowledge of Minnesota geography. These military 
expeditions usually included one or more naturalists 
who described the natural phenomena along the way. 
However, because their primary task was to produce 
topographic maps and reports for military purposes, the 
expeditions travelled as quickly as possible, and the 
naturalists rarely had time for systematic or 
comprehensive study. Still, their reports were the 
beginning of organized scientific observation. 

The naturalists' studies, as well as observations by 
H.R. Schoolcraft (1820) on the south shore of Lake 
Superior and the St. Louis and Mississippi rivers, by 
j.j. Bigsby, M.D. (1824), along the north shore of Lake 
Superior and along the Pigeon and Rainy Rivers, and 
by H.W. Bayfield (1829) over all of Lake Superior were 
used by Sir Charles Lyell to produce the first geologic 
map of Minnesota in 1845. Lyell, one of the leading 
geologists in Great Britain, was the author of several 
standard textbooks that greatly influenced geologic 
practice in the nineteenth century. He also was one of 
a number of British geologists whose primary 
intellectual goal was the delineation of a sequence of 
distinctive major groups or strata that could be 
recognized throughout the world. Many of Lyell's 
contemporaries believed that individual packages, or 
groups of rocks, were laid down worldwide 
simultaneously and possibly also instantaneously. In 
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Sir Charles Lyell Map of 1845 

that scheme, the composition of the rock itself served 
as the basis for both local and regional correlations. 
Fossils were generally thought of as funny marks on 
rocks that were of only local significance. However, 
Lyell believed that fossils "fingerprinted" various 
successions and therefore served to correlate one group 
of strata with another, regardless of their lithologic 
composition. Thus Lyell's visit to North America 
involved, in part, testing the idea that groups of strata 
in North America could be equated with groups of 
strata in Western Europe because of similar fossil 
assemblages. 

The Minnesota map was part of a larger map 
entitled "Geologic Map of the United States and 
Adjacent Parts of Canada," which was compiled by 
Lyell in 1841 and 1842 and included as an appendix to 
his historical account, Travels in North America. This 
map illustrates how the theory worked in practice. 
Lyell noted that the sedimentary rocks exposed along 
the Mississippi and St. Croix rivers in southeastern 
Minnesota and adjoining parts of Wisconsin and Iowa 
contained fossils like those in rocks that crop out in 
New York State, which in turn have fossil assemblages 
like those found in so-called Upper Silurian rocks in 
Great Britain. Thus Lyell was completely comfortable 
in giving strata of the Upper Mississippi Valley place 
names from the eastern United States and in 
classifying the rocks as part of a Silurian System 
despite their distance from "type" Silurian strata in 
Great Britain. 

Geologists of the 1840s also believed that the 
maximum thicknesses of successive systems were a 
roughly reliable guide to the relative duration of the 
successive periods of time in which the systems had 
accumulated. Therefore Lyell was comfortable in 
considering the Silurian Period the duration of geologic 
time in which the Silurian System had accumulated. It 
followed that rocks that lack fossil evidence as to their 
age could not be placed within the worldwide geologic 
column as it was understood in the 1840s. Thus Lyell 
was forced to use a local name, "the Red Sandstone of 
Lake Superior" to describe red, non-fossil-bearing, 
sedimentary rocks that crop out along the South Shore 
of Lake Superior. Lyell also recognized an undivided 
basement complex of old unfossiliferous rocks that he 
termed "Hypogene." • 







ri ve rs a nd th e ir tribut a ri es, a c irc um s ta nce th a t 
continues to plague geo logists today. His map re fl ects 
th e deve lopm e nt of geo logy from a n obse rva ti onal 

uni ts o f di ve rse o ri g in , so m e of w hi c h co uld b e 
arrange d sequ e nti all y on a loca l sca le. Littl e more 
co uld be d one in pl ac in g th e roc ks in to a unifi e d 
geologic column or a geo logic time scale because they 
lacked fossils. However, in the southeaste rn part of the 
s ta te , th e foss ilife ro us roc ks we re a co nsid e ra bl y 
differe nt matte r. By 1850 Lye ll 's and othe rs' view of a 
geologic time sca le based on th e recognition in th e 

sCie nce to an interpreti ve one. 
Muc h of th e inform ation from th e north eas tern 

segment of the map was compiled by J.C. orwood, 
M.D., who showed that the undivided "Hypogene" of 
Lyell 's 1845 map could be divided into separate rock 

GEOLOGIC COLUMN AND CHANGES IN NOMENCLATURE, 
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foss il reco rd of w id es prea d ex tin c ti o ns o f anim a l 
species was we ll develope d and ge ne rally accepted . 
Such extinctions seemed to occur world wide, marking 
punctuations, or times of sudde n biologic change, in an 
othe rw ise continu ous evo lutionary fl ow. G eologists 
found that many extin cti ons occ urred at previo us ly 
recognized systematic boundaries, supporting the view 
that unconformities were of conside rable importance as 
a record of inte rrupte d de positio n. T hus O wen was 
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ab le to build on Lye ll 's original 
work a nd es t a bli s h p a leo n­
tol ogica ll y th a t th e roc ks ex­
posed in the Upper Miss iss ippi 
Va lley were depos ited at about 
th e same time as th ose in the 
lo we r part o f th e Si luri an in 
Grea t Brit a in . Aga in o n th e 
bas is of foss il ev id e nce, O wen 
was abl e to es tabli sh th at th e 
rocks of the Up pe r M iss iss ippi 
Va ll ey co uld be di v id e d in to 
three lithologica ll y di stinct and 
w id e ly di stribute d seque nces. 
H oweve r, b eca u se sedim e n­
tation was no longer vie wed as 
simultaneous and instantaneous 
ove r la rge parts o f th e wo rl d , 
Ow e n c hos e to g ive hi s se­
que nces ne utra l names that did 
not imply lith ologic continuity 
with be tte r studied units in the 
easte rn Unite d States. + 

Adapted from John R. Borchert and Donald P. Yaeger, Atlas of 
Minnesota Resources and Settlement, 1968, and Theodore 
Christian Blegen, Minnesota: A History of the State (Minneapolis: 
University of Minnesota Press, 1963). 

Trave l through Minnesota in the late 1840s was still an arduous tas k, restric te d 
principally to major wate rways and military roads that connecte d forts and small 
trading settl e ments. Owen's introduction to the 1852 report gives a taste of what 
surveying was like then: 

Our bowsman (as the voyageur who manages the bow paddle is called) 
having discharged his rifle at a deer, had reloaded it, and , in the excitement of 
the chase, had hastily laid it down beside another gun, on the forward thwart of 
the canoe, with the muzzle imprudently pointing, in a direct line, towards myself; I 
being seated, with Mr. B.C. Macy, in the centre of the canoe. A sudden jerk of 
the boat caused the discharge of the rifle . Had not the breech of the other gun 
chanced to lie slantingly across the muzzle of the discharged piece, this Report, 
in all probability, would have been completed by some one else than its present 
author. (p . xxiv) 

We have frequently, notwithstanding the utmost prudence, exhausted the 
last pound of eatables, and travelled a day or more, without breaking our fasts . 
On one occas ion , a single pigeon supplied a corps of men during three 
days ... (p. xxiv) 
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M innesota became the thirty-second state 
on May 11, 1858. The first effort by the 
state to institute a geological survey failed 
later that year. A second attempt, two 

years later, was rejected as too costly. An enabling act 
creating the Geological and Natural History Survey was 
signed into law on March 1, 1872, and N.H. Winchell 
was appointed director shortly thereafter. The Survey 
was to be administered through the Board of Regents 
of the University of Minnesota. The first report of the 
Geological and Natural History Survey was published 
in December 1872. In a section entitled "General 
Principles," Winchell wrote, "These two postulates 
stated-that time is long, and that the physical laws of 
the universe have been constant throughout time-and 
nothing more is needed for the foundation of the 
science." 

The report included a geologic map that integrated 
the results of a brief reconnaissance survey in the 
southeastern part of the state by Winchell with the 
earlier conclusions of Owen, and with work underway 
by other geologists, mainly in Iowa and Wisconsin. The 
map was to show a complete section of fossil­
containing strata that went from above the igneous and 
metamorphic basement, up to the top of a rock 
sequence assigned to a Devonian System. The 
Devonian System was a name applied to rocks once 
thought to be in the uppermost part of the Silurian 
System in Great Britain. Winchell had no firsthand 
knowledge about the unfossiliferous basement rocks 
and could do little with them. He therefore showed 
them as a composite unit. Previous geologic studies in 
southwestern Minnesota in the 1860s had shown that 
Devonian rocks were overlain by a yet younger 
sedimentary sequence that could be correlated with 
another European group of rocks assigned to a 
Cretaceous System. Winchell, however, decided not to 
show these strata on his map because (1) their 
distribution was poorly known beyond the limits of the 
Minnesota River Valley and tributaries, and (2) their 
presence on the map would obscure what he thought to 
be more fundamental stratigraphic relationships in the 
pre-Cretaceous strata. 
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N.H. Winchell Map of 1872 

By 1872, much of southeastern Minnesota was 
accessible by railroad and had a population density 
greater than five people per square mile. Winchell's 
field work was greatly aided both by the railroads and, 
more importantly, by the observations of local 
residents. These included Prof. W.H. Phelps of the 
Normal School at Winona, W.O. Hurburt of Rochester, 
and Frank Wilson of Mantorville, who all freely shared 
their large fossil collections with Winchell. Much of the 
complex cartography along the Lower Magnesian-St. 
Peter-Trenton boundary on the 1872 map is the 
product of Hurburt's efforts. 

The 1872 map does show several new and unique 
features. For example, the map establishes the 
presence of a broad south-plunging syncline, or 
downfold-the southern Minnesota syncline-whose 
axis extends northward from Iowa through Freeborn 
County and to Minneapolis-St. Paul. Winchell also 
showed that the Devonian rocks-renamed for 
exposures once thought to be in the stratigraphically 
uppermost part of the Silurian System in Great 
Britain-extend from Iowa northward into southern 
Minnesota, along the axis of the southern Minnesota 
syncline. 

Nomenclatural changes between 1852 and 1872 
reflect new stratigraphic procedures that identified 
rocks by a geographic type locally. Thus the 1872 map 
contains rock units first recognized near and then 
named for places in Iowa and Illinois. For example, in 
1851 geologists with the Iowa Geological Survey 
renamed the upper part of Owen's Upper Magnesian 
limestone the Galena Limestone after exposures near 
Galena, Illinois. Twenty years later, in 1870, they 
established that the Galena was overlain by a thick 
shale unit first recognized around Maquoketa in 
northern Iowa. Winchell traced both units into 
southern Minnesota, using subsurface data obtained 
from domestic water wells, especially those drilled by 
the railroads. 

The stratigraphic position of the Lower Magnesian 
limestone remained unchanged from Owen's map to 
the 1872 map. However, Winchell thought that Owen's 
term "Lower Sandstone sequence" was not definitive 



e nough; he the re fore renamed that package of rocks 
th e S t. C roix Sa nd sto ne from ex pos ures a long th e 
va ll ey o f th e S t. C ro ix Ri ve r. H e gave th e nam e 
Potsdam Sandstone, ori ginally appl ied to outcrops of 
Lower-Middle Cambrian sandstone in ew York State, 
t o: (1) th e Re d Sa nd sto ne of L ake S up e ri o r, (2) 
o utc rops of sa lm on-co lored sa nd sto ne in Pin e and 
C hisago counties, and (3) outcrops of red quartzite in 

icolle t, Cottonwood, Rock, and Pipes tone counties. 
Although these rocks lacked fossils, they-like the type 
Po t sd am-were a ll und e rl a in b y ig neo us a nd 
metamorphic rocks and overlain by foss iliferous Upper 
Ca mbri an rocks; th e re fore, Win che ll t hought th ey 
could be stratigraphically corre lated with one anothe r. 
The term Cambrian itself had been coined for rocks 

POPULATION AND RAILROADS 
1870 

beneath and partly equivalent to the Silurian Syste m in 
Great Britain. 

Th e stra ti g ra ph y s how n b y Win c he ll in th e 
northwestern part of the state was based on scant data 
from drill holes th at pres um ably pe ne trated L owe r 
Magnes ian limestone in th e north wes te rn corn e r of 
P e mbin a Co unty (now Kittso n Co unty), a nd o n 
outcrops of red quartzite near Pokegama Falls on the 
Mississ ippi River in Itasca Coun ty. Winche ll correlated 
them with his Pot dam Sand tone. T hus it is apparent 
that in 1872 Winche ll be lieved in the utili ty of fossil s 
for purposes of correlation; but it is also apparent that 
he had not comple te ly dives ted himself of th e old e r 
ideas concerning lithologic type as a useful means of 
corre lation. • 

POPULATION AND RAILROADS 
1900 

Adapted from John R. Borchert and Donald P. Yaeger, Affas of Minnesota Resources and Senlemen~ 1968 
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N.H. Winchell Map of 1900 

MAP OF 
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I n 1900, N.H. Winchell retired after twenty-eight 
years as director of the Geological and Natural 
History Survey. Much of the information acquired 
during his directorship was based on county-by­

county mapping projects at a scale of about 2 miles to 
the inch. Mapping began in the southern part of the 
state in Houston County in 1884 and generally 
followed the northward and westward settlement of the 
state and the extension of the railroads into all but the 
northeastern part of the state. Mapping ended in 1899 
with a special plate showing the geology of the city of 
Duluth. Other achievements included detailed maps 
and descriptions of the recently discovered Vermilion 
and Mesabi iron ranges in northern Minnesota. 

In 1900, Winchell summarized the mapping with a 
statewide geologic map. Despite extensive surficial 
deposits that 
obscure bedrock 
in much of the 
state, Winchell 
was able to infer 
geologic bound-
aries from his LYELL 1845 

general knowl-
edge of the 
structure of rock 
units. In some 
respects the map 
was a thoroughly 
modern rendition 
of the bedrock 
geology, particu­
larly in its carto­
graphic portrayal 
of the geographic 
limits of the 
larger rock units. 

Much of the 
1900 map of 
southeastern 
Minnesota re­
flects Winchell's 
continued use of 
stratigraphic 
concepts stated in 
1872. The St. 
Croix Sandstone 
of 1872 was sub­
divided into five 
formations: the 
Hinckley Sand­
stone (1888), Dres­
bach Formation 
(1886), Franconia 
Formation (1897), 
St. Lawrence For­
mation (1874), 

Red Sandstone 
of Lake Superior 

Hypogene 

Granite, 
gneiss, etc. 
(includes 

"Trap Rocks") 

14 

and Jordan Formation (1872), all named after type 
localities near small towns in east-central and 
southeastern Minnesota. Winchell continued to believe 
that the package of five formations was deposited in 
late Cambrian times, but he now used the term St. 
Croix Series for the interval of time during which 
Upper Cambrian rocks were deposited. Though the 
changing ideas about the geology of southeastern 
Minnesota, as reflected by the many nomenclatural 
changes, added considerable detail to the 1900 map, 
they did not substantially change the map's overall 
cartographic appearance. 

The 1900 map was different from previous geologic 
maps of Minnesota in two important ways. First and of 
special significance, it summarized the classic mapping 
of Winchell and his son-in-law U.S. Grant in the (then-
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called) pre-Cambrian rocks of northeastern Minnesota, 
subdividing into ordered stratigraphic sequences a 
terrane that previously had been mapped as a single 
undecipherable entity. Secondly, the map was the first 
attempt to show how Cretaceous strata were widely 
distributed beneath glacial cover. Intentionally or not, 
this approach masked the problem that, due to the 
thick glacial cover in much of western Minnesota, 
Winchell lacked data on the distribution of the pre­
Cambrian sequences. Many geologists since that time 
have been plagued by the problem-how to determine 
the distribution of pre-Cambrian rocks in much of 
western Minnesota, where the glacial cover is thick 
and outcrops are lacking. 

The remarkable achievements of Winchell and 
Grant in the pre-Cambrian were based on many of 

1845 TO PRESENT, NORTHERN MINNESOTA 

GROUT and Others 
1932 

SIMS 1970 MOREY 1992 
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their own observations, but they also relied heavily on 
the ideas of the Geological Survey of Canada, which 
had people actively mapping the area in Ontario just 
across the International Boundary, and on the 
conclusions of several U.S. Geological Survey field 
parties who were working in Wisconsin and northern 
Michigan at about the same time. In the end, Lyell's 
Hypogene was divided into mappable units that were 
separated from each other by demonstrable 
unconformities of broad areal extent. They recognized 
an older sequence of strongly deformed rocks that 
included greenstone, iron-rich strata, and fragmental 
rocks, all cut by granites of at least two ages. Winchell 
called this package Archean and inferred a prominent 
unconformity to divide it into Lower and Upper 
Keewatin sequences. Names such as the "Archean" 

and the "Keewatin" were taken from geologic 
units first identified across the International 
Boundary in Canada. A second unconformity, 
atop the Archean, was overlain by a younger 
sequence that Winchell named the Taconic. 
The Taconic sequence included the iron-rich 
strata (taconyte) and associated rocks of the 
Mesabi Iron Range, called the Animikie from 
the Thunder Bay area of Canada; and the 
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of an Early or Middle Cambrian age. Within 
that scheme, the pre-Taconic or Archean rocks 
of northern Minnesota were simply pre­
Cambrian in age. 

Winchell continued to believe that the Red 
Sandstone of Like Superior (he now called it 
the Fond du Lac Formation, from that town 
west of Duluth) and the red quartzite in 
southwestern Minnesota (now called the Sioux 
Quartzite, from Sioux Falls, South Dakota) 
were correlative with each other and with the 
Potsdam Sandstone of New York State. In New 
York, the Potsdam was thought to overlie the 
Taconic rocks of Early to Middle Cambrian 
age, making them late Cambrian or St. Croixian 
in age. Thus although these nomenclatural 
changes considerably changed the appearance 
of the 1900 map, they did not reflect any major 
change in geohistory from the 1872 map. 

Regardless, by the end of the nineteenth 
century, geologic mapping in Minnesota had 
established the distribution of major rock units, 
especially in areas where the bedrock was 
exposed. Though the order of strata had been 
fairly well determined, the nomenclature 
describing that order was still confused .• 
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The 1932 Map of F.F. Grout and Others 

Afte r Winche ll res igned as 
directo r of the Geologica l 
and atural History Sur­
vey in 1900, th e ni ve r­

si t y o f Minn eso t a di sco ntinu e d 
geo log ic in ves ti ga ti o ns b y th e 
Survey. Shortl y the reafte r, the U.S. 
Geo logica l Su rvey publ is he d t wo 
major monographs th at redescribed 
in detail Winche ll 's Archean rocks of 
th e Ve rmili on Iro n Ra nge (1 901 ) 
and hi s T aconic (Animikian) rocks 
of th e M esa bi Iron Range (1 903). 
Th ose wo rk s a nd s ub seq ue nt 
studies fo llowing th e di scovery of 
the Cuyuna Range (1904) provided 
new information. At the same time, 
the G eo log ica l Survey of Ca nad a 
re mapped Archean geology in de ta il 
along the Inte rnational Boundary in 
the Rainy Lake area. In Minnesota 
these studies, as well as much of the 
earlier wo rk, were th e basis for the 
now class ic re interpre tation of th e 
G e ol ogy of th e L a k e Supe ri o r 
Region by C.R. Van Hise and C. K. 
Le ith , published in 19 11 by the U.S. 
G eo logica l Survey. As th a t re po rt 
e mph as ize d th e s tra tig raphi c and 
no m e nc la tura l v iews o f th e .S . 
G eo log ica l S urvey, th e n ames 
proposed by Winche ll for many rock 
units in no rth e rn Minn eso t a 
disa ppeare d. Among othe r advances, 
Van Hise and Le ith establ ished that 
th e Animiki e a nd Kewee n awa n 
roc ks we re nei the r corre lat ive with 
the T aco nic of th e type loca lity in 

ew Yo rk no r Ca mbri a n in age. 
T hus the te rm Taconic disappeared 
fr o m th e geo log ic li te ra ture o f 
Minnesota. Instead, all of the rocks 
in Minnesota trat igraphica ll older 
than the Dresbach Formation of the 
St. Croix Series we re a signed a 
Preca mbri an age. T he appare ntl y 
simple change in nomenclatu re from 



pre-Cambrian to Precambrian underscored the recent 
recognition that the Earth's history before the 
beginning of Cambrian time was complicated. 

Very little other geologic information was produced 
in Minnesota before World War I. After the war, 
cooperative projects with the U.S. Geological Survey 
focused on general problems of Pleistocene and 
groundwater geology, and on economically valuable 
materials such as iron ores, clay, peat, and building 
stones. These studies, though useful, had little impact 
on the bedrock geologic map. Much of the period from 
1911 to the start of World War II was consumed by 
endless debate about how Precambrian rocks could be 
correlated from place to place. The debate centered 
largely on appropriate names for the larger 
unconformity-bound packages, and to a lesser extent 
on the value of unconformities in possible worldwide 
correlation schemes. In particular, considerable 
confusion existed as to the relationship between rock 
units and geologic time units. 

In the 1890s the U.S. Geological Survey used the 
term Proterozoic as a synonym for pre-Cambrian. They 
also recognized an Algonkian System sandwiched 
between Archean rocks below and Cambrian rocks 
above. Thus Proterozoic (Precambrian) rocks could be 
divided into the Algonkian and Archean Systems; in 
Minnesota, the former included Keweenawan and 
Animikean rocks. In 1925, the term Proterozoic was 
redefined as the time interval during which Algonkian 
rocks were deposited, whereas the term Archaeozoic 
was used for the time interval during which Archean 
rocks were formed. Therefore Precambrian time was 
divided into Proterozoic and Archaeozoic Periods, 
during which the Algonkian and Archean Systems were 
deposited. Most geologists outside the U.S. Geological 
Survey found this too confusing and continued to use 
Precambrian for both rocks and time. 

A good deal of stratigraphic paleontology was done 
in southeastern Minnesota prior to World War L Much 
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of it involved redescribing the fossil assemblages from 
classical stratigraphic sections first identified by 
Winchell and his colleagues. Unfortunately, the later 
workers misidentified the place in the stratigraphic 
sequence of many fossil-bearing beds, in some cases by 
as much as 300 feet vertically. This had a profound 
effect on the 1932 map, where several geologic contacts 
were misplaced by 10 to 20 miles. 

The 1932 map had its beginnings in the late 1920s, 
when the U.S. Geological Survey decided to publish a 
new small-scale geologic map of the United States, 
compiled from state geologic maps. Therefore, 
although the 1932 map was compiled at a scale of 
1:500,000 by F.F. Grout, c.R. Staffer, LS. Allison, J.W. 
Gruner, G.M. Schwartz, G.A. Thiel, and W.H. 
Emmons, all of the University of Minnesota, it was 
edited and published according to U.S. Geological 
Survey standards. Even though many of the names in 
the geologic column are different, cartographically the 
1900 and 1932 maps ar~ very similar. Differences 
include the geology of the Cuyuna Range and the 
distribution of Cretaceous strata in western Minnesota. 
Subsurface data acquired mainly from water wells 
showed that the Cretaceous strata were not as widely 
distributed as Winchell had thought in 1900. Grout and 
others chose a more conservative interpretation that 
"uncovered" an area of Precambrian bedrock about 180 
to 200 miles wide from the International Boundary to 
the Minnesota River Valley. Although lacking 
Cretaceous cover, the Precambrian rocks of this area 
are obscured by a thick cover of Quaternary glacial 
deposits, and the compilers had to map them as 
undifferentiated. Though intellectually more honest, 
this vast, blank area of undifferentiated rock gave the 
map what geologists call an "artificial" look. Geologists 
ask of a map, "Does it talk to you?" The 1932 map 
did not talk, did not tell a story, did not reveal much of 
a history. + 



W orld War II changed how geologists 
thought about Minnesota geology. The 
iron-ore deposits had been all but 
depleted by the war effort. If Minnesota 

was to continue to produce iron ore, new resources 
would have to be found-and in those parts of the state 
where the glacial cover ruled out conventional mapping 
techniques. The undifferentiated Precambrian bedrock 
of Grout and others would have to be differentiated as 
to rock types. The U.S. and Minnesota Geological 
Surveys agreed in 1947 to produce jointly an 
aeromagnetic survey of the state (aeromagnetic 
methods distinguish magnetically contrasting rock 
types). The program, which continued to the late 
1960s, led to the first statewide aeromagnetic map in 
the country. 

Though the new data did not lead to any new iron­
ore resources, it did result in new insights about the 
buried bedrock. P.K. Sims used those insights in 1970 
to build on the earlier work of Winchell and Grant, and 
Van Hise and Leith to produce a new geologic map of 
the state at a 1:1,000,000 scale, the first since 1932. 
This map was one of the first regional attempts in the 
United States to use geophysical data systematically to 
interpret bedrock geologic attributes that could not be 
observed directly by field geologists. Sims showed that 
geophysical methods-and in particular, aeromagnetic 
methods-are a powerful aid to geologic mapping, 
especially in areas of poor outcrop. 

Our understanding of chronologie relationships 
among different Precambrian map units was greatly 
aided in the 1960s by the development of reliable 
isotopic-dating techniques, especially those of S.S. 

P.K. Sims Map of 1970 

Goldich and A.O. Nier of the University of Minnesota. 
The work confirmed what every Precambrian geologist 
already thought-that Precambrian time was long, and 
that within that long interval was sufficient time for 
many events. In other words, rocks of similar 
appearance were not necessarily correlative. 
Consequently, the formal nomenclatural scheme 
devised by Winchell and Grant in 1900 and modified 
through the first half of the twentieth century had to 
be redefined. This effort continues today. Stratigraphic 
classification schemes now depend on isotopic 
evidence rather than the appearance of the rocks 
studied. For example, on the 1970 map, the terms 
Early, Middle, and Late Precambrian do not refer to 
the rocks themselves, but to the intervals of time in 
which the rocks formed. 

The 1970 map included the work of Professor 
Robert Sloan and his students, who remapped much of 
the Paleozoic strata in southeastern Minnesota at a 
scale of 1:250,000 or approximately 1 inch = 3 miles. 
This work resolved many of the cartographic problems 
created by the 1932 map and formed the basis for all 
subsequent studies, until a county mapping program 
was begun in the mid-1980s. Sims believed that 
increasing demands on our national resources, as well 
as the need for new mineral sources, required 
accelerated research and mapping in areas of 
Precambrian strata with mineral potential. Thus he 
chose to portray the distribution of Cretaceous strata in 
outline form only, a technique designed to emphasize 
the distribution of underlying rocks that presumably 
are more important economically. 
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Epilogue 

A geologic map reflects the level of knowledge 
at the time of its production, and subsequent 
knowledge eventually leads to the obsoles­
cence of any geologic map, no matter how 

good that map was originally. Yet even obsolete geologic 
maps are important as references. As such, they must be 
preserved because they are the means by which 
geologists of one generation communicate with those of 
another generation. Geologic maps also provide the basis 
for future research, in that they can be used to test new 
ideas. When a map fails a particular test, that failure sets 
the direction of new research. 

The generation of new maps is dependent on the 
generation of new ideas and data. Generation of the 
former comes easily, but new data are particularly hard to 
come by in Minnesota, where thick glacial deposits and 
heavy vegetation cover the rocks. It is time-consuming to 
find the outcrops and collect the observations needed to 
read the story contained in the rocks. Thus it is not 
surprising that early interpretations tended to be simple 
and that later studies led to a more comprehensive 
history. 

The practical value of a statewide geologic map is 
less tangible than its intellectual content, though the 
map can and should be an important tool for the 
resourceful user. For example, a geologic map can help 
identify areas where mineral deposits might be found. 
For the explorer, geologic maps give clues as to where to 
begin to search. Though a map will not pinpoint the 
location of the next mine or tell where to locate a dam, 
waste-disposal facility, or groundwater well field (for 
these one needs maps of much larger scale, designed for 
specific purposes), a statewide geologic map can be a 
useful planning document, especially when consulted 
along with maps showing other features such as 
topography, vegetation, climate, and land use. + 
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