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Foreword 

The Minnesota Geological Survey is proud of the role it has played 
in the development of the State's geologic resources. Since its establish
ment in 1872, the Survey has contributed to the orderly development 
and utilization of our valuable iron ore deposits, to the finding and con
servation of our water resources and, through the application of geology 
to engineering problems, to the efficient and economical use of our land. 

The accomplishments of the Survey must be attributed mainly to 
the intense devotion and untiring energies of the able directors and ge
ologists who carried out the work. The first director, N. H. Winchell, 
assembled a group of scientists that at the time was unsurpassed in this 
country. Probably at the turn of the century Minnesota was as well known 
geologically as any state in the Union. Subsequently, W. H. Emmons, 
F. F. Grout, and G. M. Schwartz, in succession, directed successful pro
grams despite small financial support. They were able to do this because 
staff members of the associated Department of Geology, and graduate 
students, spent summers on Survey projects, often at considerable finan
cial sacrifice. When the remarkable record of the Survey is examined, 
it is difficult to realize that it was accomplished at a total cost that is 
much less than the current annual budget of the largest state geological 
survey. 

Currently, the scope and financial support of the Survey are greater 
than in previous years, but substantial increases in both budget and staff 
still are needed to develop a geologic survey consonant with the State's 
needs. 

This history of the Survey was written at my suggestion by G. M. 
Schwartz, Professor Emeritus of the Department of Geology and Geo
physics. Through his 40 years of association with the Survey, at first as 
project geologist and later as Director, he contributed his full energies, 
not only to the day-to-day activities of the Survey but also to furthering 
our knowledge and understanding of the geology and mineral resources 
of the State. This report is but one for which we owe him a debt of 
gratitude. 

P. K. Sims 
Director 
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History of the Minnesota Geological Survey 

by 

GEORGE M. SCHWARTZ';' 

Pioneer Geological Work 

Scattered through the writings of the early explorers in Minnesota 
are notes on various aspects of the geology of Minnesota. Among the 
earliest and perhaps most notable was Father Hennepin's account of the 
discovery and naming of Saint Anthony Falls of the Mississippi River. 
It should be noted that his description was so accurate that later N. H. 
'Winchell was able to use the location in his remarkable contribution on 
the time required for the migration of the Falls since the retreat of glacial 
ice from Minnesota. 

The most important of the early geological surveys which included 
Minnesota was that by David Dale Owen who worked under instructions 
from the United States Treasury Department. Owen was assisted by J. G. 
Norwood, Charles Whittlesey, B. F. Shumard, and Joseph Leidy. The 
report of this survey, published in 1852, consists of 638 pages and 92 
plates and maps and is entitled "Report of a Geological Survey of Wis
consin, Iowa, and Minnesota." This comprehensive report furnished the 
principal foundation for later work by the Minnesota Geological and 
Natural History Survey. 

An effort was made by the first legislature .of the state in 18.58 to 
establish a geological survey. The attempt was repeated by the second 
legislature, but a lack of income and opposition by the Governor caused 
the effort to be dropped. In 1864 a joint resolution by the legislature au
thorized the Governor to appoint a State Geologist. A. H. Hanchett was 
appointed, and he was assisted by Thomas Clark. BOtll submitted reports, 
but evidently Hanchett's performance was not satisfactory, and Henry 
H. Eames was appointed State Geologist by the Governor. Eames made 
brief reports for 1865 and 1866, but the legislature refused further appro
priations. Other sporadic efforts were made until 1870 when the governor 
appointed Professor Alexander 'Winchell of the University of Michigan 
to examine and report on the reputed Salt Spring lands at Belle Plaine 
in the Minnesota River valley. 

The law which established the survey on a permanent basis was 
drawn up by President \V. W. Folwell of the University of Minnesota. 
There is little doubt that President Folwell's prestige was of prime im
portance in securing passage of the bill, which entrusted the task of or-

-~ Director Emeritus 
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ganizing the survey to the University. The la,v was passed by both houses 
and approved by Governor Horace Austin on March 1, 1872. The com
plete act was published in the first annual report and again in Bulletin 1. 
The essential features may be summarized as follows. The title was "The 
Geological and Natural History Survey of Minnesota." The Survey was 
entrusted to the University of Minnesota, where it still remains. The 
Geological Survey was to include all aspects of the geology of the State 
with emphasis on all economic materials. Other sections provided for 
botanical, zoological, and meteorological studies and the establishment 
of a museum. 
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The Period 1872-1900 

In July 1872 Newton Horace Winchell, doubtless on the recom
mendation of his brother Alexander, was invited to meet the Board of 
Regents and was appointed State Geologist. Work in Ohio prevented him 
from starting work until September 1st. The vigor with which Winchell 
began work is evidenced by the first annual report which he submitted 
on December 31, 1872. This included the results of reconnaissance along 
the railroads from September 1st to November 12th, a small geologic map 
of the state, a historical sketch of past geologic work in the state, and 
comments on various aspects of the natural history. 

A year later the second annual report reviewed the continued activity 
during 1873, as various problems were investigated in the field. In addi
tion, S. F. Peckham was engaged as State Chemist, and a suitable labora
tory was organized. The first report on the extensive peat deposits of the 
State was included in the second annual report, as were the results of a 
reconnaissance of the Minnesota River valley. 

The interest in a geological survey had been stimulated earlier by 
attempts to develop so-called salt springs near Belle Plaine in the Min
nesota River valley. To help support the new Survey, a grant of lands 
(the so-called Salt Springs lands), which eventually aggregated 18,771 
acres, was made by the legislature. A small amount of this land still re
mains, and income is credited to the Survey budget. 

In 1874 Winchell was granted leave in July and August to ac
company General Custer to the Black Hills, and the work in Minnesota 
was curtailed accordingly; nevertheless, reports on Freeborn and Mower 
counties were completed and published. The southern counties had 
wisely been selected for the early detailed work as they were better set
tled and more accessible than tlle wooded northern counties. The first two 
reports were accompanied by black-and-white county maps, but all later 
county reports contained colored geologic maps which eventually were 
incorporated in the final reports. 

The work was carried forward vigorously in 1875, and the fourth 
annual report contains reports on Dodge, Fillmore, Olmsted, and Steele 
counties. In judging the extent of this work one must remember that it 
was done on foot, or at best with a single horse and a light covered 
wagon. The establishment of a museum had been ordered in the 1872 
law, and a report on the museum was included in the fourth annual re
port and all succeeding reports. 

By 1876 the work began to expand rapidly. Reports on Houston and 
Hennepin counties were completed and published in the fifth annual 
report, a botanical survey was ordered, an ornithologist was appointed, 
and studies were begun on entomology, evidently instigated because of 
a serious grasshopper infestation. A list of native birds was included at 
the end of the volume. 
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Plate l-:\ewton Horace Winchell, State Geologist and Director, Geological and :\atural 
History Survey of ~fjnnesota. 1872-1900. 



In the sixth annual report the following list of officers of the Survey 
is included: N. H. Winchell, State Geologist; S. F. Peckham, chemist; M. 
D. Rhame, topographer; P. L. Hatch, ornithologist; Allen Whitman, ento
mologist; Lawrence L. Herrick, laboratory assistant. Also, reports on 
Ramsey, Rice, Morrison, and Rock and Pipestone counties were included. 
The water supply of the Red River Valley occupied a chapter, and the 
first of many chapters appeared on paleontology. 

In the seventh annual report, for 1878, it was noted that C. W. Hall 
was employed by the University as an assistant in the Department of 
Geology under Winchell. This was an important milestone because Hall 
served the University in several capacities until his death on May 10, 
1911. It was also noted that Winchell was relieved from giving instruc
tion in the University,which he had done from 1872 to 1878, and that Hall 
took over in 1879. It was at this time that the University ordered that the 
geological part of the Survey be emphasized and zoological and botanical 
investigations be held in abeyance. Actually some zoological and botani
cal work was continued, as will be clear from data given later. In 1878 
special attention was given for the first time to the northern part of the 
State, which henceforth was to occupy a prominent place in the Survey's 
investigations. The seventh annual report also included a chapter by 
C. L. Herrick on the microscopic Entomostraca of Minnesota. 

The eighth annual report, for 1879, indicates that work continued on 
a considerable scale. The report is extensive and contains chapters by 
Hatch on ornithology and by Peckham on chemistry; a chapter on glacial 
geology was written by Warren Upham, who filled such an important 
role in the Survey from 1879 to 1885. After 1885 Upham worked for the 
United States Geological Survey, and this resulted in publication of the 
monograph on Glacial Lake Agassiz. Various sections of the eighth annual 
report also showed that work was active in the museum and in the fields 
of lithology and paleontology. 

In the ninth annual report, for 1880, chapters appeared on the upper 
Mississippi River, the water supply of the Red River Valley, general 
hydrology, and glacial geology. Also, C. M. Terry began investigations 
on the origin and characteristics of the large number of lakes irregularly 
distributed over the state. 

The report for 1881 followed much the same pattern. The wide
spread nature of the studies is indicated by field work in the north-central 
and northwestern counties that extended the known area of Glacial Lake 
Agassiz eastward almost to the Vennilion iron district, a chapter on the 
Potsdam Sandstone and, in the realm of zoology, a chapter on the crus
tacea of the fresh waters of Minnesota. The name of Horace V. Winchell, 
son of N. H. \Vinchell, appeared on the survey roster for the first time. 
He later published extensively in the annual reports and bulletins. 

The eleventh annual report (1882) contains the first descriptions of 
the iron ore region of Minnesota, written by A. H. Chester; Chester ac
tually was employed by private interests, but his report was released to 
the Survey. Winchell discussed the ages of the rocks on the Vermilion 
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and Mesabi ranges. A chapter !In mineralogy, which included a bibli
ography, was probably the first rather comprehensive summary of the 
minerals of the State. Also, Winchell worked on the first and second vol
umes of the Final Report. Volume 1 was submitted March 10, 1882 but 
printed in 1884. A chapter on the Crustacea of Minnesota and a catalogue 
of the flora indicated that some studies continued on the broader aspects 
of the natural history of the State. 

The thirteenth annual report covered the activities during 1884. It 
was the most extensive of all the annual reports, for it contained twenty 
chapters and covered such diverse subjects as the Vermilion iron ores, 
deep wells, crystalline rocks, Blue Earth County, geographical names, 
entomology, and a fossil elephant. 

The fourteenth annual report is noteworthy because it makes refer
ence for the first time to U. S. Grant, who not only later became vVin
chell's son-in-law but also took a prominent part in the activities of the 
Survey from 1885 to 1900, and subsequently for many years was head of 
the Geology Department at Northwestern University. Anotl1er prominent 
name appeared also, tl1at of E. O. Ulrich, who did some of his early 
paleontological work for the Minnesota Survey. It was reported that the 
legislature passed an act regarding publication of the final report and 
authorized 5,000 copies. J. C. Arthur was appointed botanist, O. \iV. Oest
lund compiled a chapter on the Aphidedae, and others reported on the 
Silurian Blyozoa and on the Foraminifera of Minnesota. Thus biology 
was not neglected, although relegated to a minor role in the Survey. 

Volume 2 of the Final Report was submitted August 10, 1885 but 
printed in 1888. It is in the chapter on Hennepin County that \iVinchell 
gave his estimate of the time since the last glacial ice left Minnesota, 
based on the retreat of St. Anthony Falls from Fort Snelling to the 
present site in Minneapolis. His final estimate of 7,803 years is still fairly 
good in the light of modern data. 

By 1886 the major part of the work was in the northern part of the 
State, stimulated no doubt by the development of iron ore mining on the 
Vermilion range, where shipments began in 1884. 

The sixteenth annual report (1887) contains an elaborate paper by 
Alexander Winchell, who worked in Minnesota briefly in 1871. H. V. 
Winchell also included a long report on his work on tl1e iron districts. 
In addition, U. S. Grant contributed a chapter on the molluscan fauna. 
Bulletin 2 on the basic igneous rocks, by M. E. vVadworth, was published. 

The year 1888 was marked by the publication of Volume 2 of the 
Final Report; also, Bulletin 5 on natural gas was finished, but it was not 
issued until 1889. U. S. Grant and H. V. Winchell continued work in the 
northern part of the state. 

During 1889 \iVinchell's work was concentrated on the Final Report 
on northern Minnesota (Vol. 4). Also, in chapter 4 of the 18th annual 
report he discussed the age of tl1e gabbro, and thus opened a discussion 
on the age and origin of the gabbro that went on for several years. Bul
letin 1, entitled "History of Geological Surveys in Minnesota," was pub-
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lished during the year. The Survey moved into the new Science Hall 
(Pillsbury Hall) . 

In the nineteenth annual report (1890) a chapter on the woods of 
Minnesota was contributed by H. B. Ayres. Ulrich was the author of a 
chapter on the fossil lamellibrachs of the State. A section by W. S. Bayley 
on the Akeley Lake area is the only reference in any of the reports to 
Bayley, who was better known for his contribution on the geology of 
Pigeon Point, published as Bulletin 109 of the United States Geological 
Sluvey. ' 

During 1891 field work continued, mainly in the northern part of 
the State. A. C. Lawson, another name famous in the field of geology, 
contributed a paper to the annual report on the beaches of Lake Superior. 
A second geologist, Charles Schuchert, later to become known all over 
the world, also was employed in 1891 to work on the paleontology of the 
State in association with Ulrich, who continued investigations of the 
Bryozoa. 

In 1892 (21st annual report) a fundamental change was made in 
the function of the Survey. The Board of Regents transferred supervision 
of botanical studies to Professor Conway MacMillan and zoological stud
ies to Professor Henry Nachtrieb. Thus the Survey became essentially 
geological, although the name was not changed until after Winchell com
pleted work in 1900. 

During 1892 paleontological studies continued actively, for Winchell 
states that Ulrich spent the year in Minneapolis and that Ulrich and Schu
chert worked under the guidance of Scofield, who evidently contributed 
greatly to the work on fossils. In any event this activity was in connection 
with the preparation of the monumental investigation that later was pub
lished on the paleontology of Minnesota (Vol. 3, parts I & II). 

In 1893 (22nd annual report) the Survey concentrated on com
pleting the field work on the state. Again, Winchell gathered a large and 
capable group of young geologists to help. The list and places of activity 
are as follows: J. E. Todd, northwestern area; G. E. Culver, Itasca 
County; Warren Upham, Aitkin and Cass counties; J. E. Spurr, Mesabi 
district; A. D. Meeds, Mesabi and adjacent area to the south; A. H. Elft
man, Lake County; C. P. Berkey, Cook County; L. A. Ogaard, levels in 
Cook County; and U. S. Grant, Mesabi district and Cook County. New 
names of men who later became prominent geologists include C. P. 
Berkey and J. E. Spurr. The twenty-second annual report includes sec
tions by each of the above-mentioned men. 

In the 23rd annual report Winchell stated that work was concen
trated on tlle study of specimens and on the preparation of maps and 
manuscripts. The report contained 15 sections on topics as diverse as 
Archean greenstone, Rainy Lake gold region, progress of mining, and the 
gabbro. The more one reviews the work that Winchell did personally and 
the great amount he supervised, the more one must admire the tremen
dous energy and ability that he devoted to geological investigations in 
Minnesota from 1872 to 1900, and the really enormous output which re-
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suIted. Large manuscripts in the files of the survey are in Mrs. Winchell's 
handwriting, and it is known that she was of great help to her husband. 

With the completion of the most essential field work in 1894, Win
chell ceased to prepare a report every year, and accordingly the twenty
fourth and final annual report is for the years 1895 to 1898. The geologi
cal corps for this period consisted of N. H. Winchell, State Geologist; 
U. S. Grant, assistant geologist; and Elftman, Ogaard, Halvorsen, Mid
thun, and H. V. V/inchell, temporary assistants. An important feature of 
the twenty-fourth report is a general index which consists of 105 pages 
and covers all 24 annual reports. 

During the period May 1, 1895 to May, 1896 Winchell worked in 
Paris, France on Minnesota rocks, with the valuable help of A. Lacroix. 
He returned home again in January, 1898. No doubt the very large 
amount of data found in Volume 5 of the Final Report is, in no small 
part, a result of the research done in Paris. U. S. Grant supervised the 
Survey office while Winchell was away. 

Field work during 1895 and 1896 was confined largely to checking 
areas in northern Minnesota in connection with preparation of the fourth 
volume of the Final Report. During this period, Volume 3, part I was 
published in 1895 and part II appeared in 1897. This volume on paleon
tology consists of 1,081 pages and 82 plates. Because of the large num
ber of new species described, this volume still is in demand, although 
copies are rarely available. 

In the twenty-fourth report Winchell summarized the cost of the 
Survey from 1872 to July 31, 1899. The total, not including publication 
costs, was $146,357.27; he stated that revenue to the State from Salt 
Spring lands, etc. was $132,609.28, leaving a net cost from taxes of 
$13,747.99. Considering the huge volume of work accomplished and the 
large number of workers employed at one time or another, the above 
figures seem almost unbelievable. The magnitude of the work can be 
judged from the area of the state, which is 84,068 square miles. Surely 
everyone employed on the SunTey, and most of all Newton H. Winchell, 
must have rendered service beyond the call of duty. A complete list of 
those known to have been employed is given in appendix A at the end of 
this report. The 24th report was submitted on March 1, 1899. At the end 
of the summary statement (p. XXVII) Winchell wrote the following 
conclusion: 

"The writer committed himself to this work unreservedly, in 1872. 
There have been some difficulties and vexations connected with its 
progress and administration, sometimes almost sufficient to induce 
him to relinquish it. The plan, however, which was laid out in the 
beginning has been adhered to, and with the publication of the last 
two volumes of the final report, now contracted for and in progress, 
and the execution of the general atlas, as mentioned, the responsi
bility and difficulties of this long and arduous enterprise will cease, 
and its results will be available to the citizens of the state. It is with 
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thankfulness to all who have aided him, and charity for all who have 
opposed him, that the writer, with a profound feeling of relief, lays 
down his burden and commits his chief life work to the citizens of 
Minnesota, and bespeaks for it from all geologists that forbearance 
which may be due to a difficult task begun under discourageinents 
in a frontier state, and carried on to completion without deviation 
from the initial plan and with comparatively little cost to the State." 

Winchell, of course, continued supervision of the publication of the 
last volumes of the Final Report. Volume 5 was submitted on September 
1st, 1899 and published in 1900. Volume 6, a summary of each county 
with reprinted maps from Volumes 1, 2, and 3, was submitted on Octo
ber 1, 1900. In the preface Winchell wrote: 

"With these words the writer lays down his pen after an unceasing 
labor of twenty-eight years on this enterprise." 

Thus the Winchell Survey was ended on that date, and the next severa] 
years were largely a hiatus in the Survey. 

Perhaps it would be correct to say that at its peak of activity in 1891 
no other state survey had a staff equal to that gathered by Winchell. The 
list is truly formidable, i.e. U. S. Grant, A. C. Lawson, Charles Schuchert, 
E. O. Ulrich, H. V. Winchell, and N. H. Winchell. 

In the eleventh biennial report of the Regents of the University of 
Minnesota a tribute was paid to Professor Winchell for the excellent work 
that had been done so economically. 

The writer, having worked in Minnesota at a later time for over 
forty years, can only express unbounded admiration for Newton Horace 
Winchell. One of his last acts was a gift of his invaluable library to the 
Department of Geology, University of Minnesota, where a plaque on the 
door of the library in Pillsbury Hall simply says: Winchell Library of 
Geology. 
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The Period 1900-1911 

With the completion of Winchell's work on October 1, 1900, geologi
cal investigations by the Minnesota Geological and Natural History Sur
vey were discontinued, and emphasis deliberately was placed on botany 
and zoology, which earlier had received relatively minor attention. The 
1872 law establishing the Survey remained in effect, however, and funds 
from the dedicated swamp lands continued to support the work. The 
Regents' report for 1899-1900 makes the following statement: 

"While we report hereby that the geological report is completed, 
the board of regents recognize the fact that there are various economic 
resources that have not been examined, and that more detail might be 
brought out in the northern portion of the state. Considering the means 
in our control, however, and the requirements of the law under which 
the Survey is instihlted and carried on, including zoology and botany, 
the board of regents has decided to discontinue geological investigations 
with the publication of the final report alluded to." 

"The geological and natural history part of the survey will be prose
cuted to completion under the direction of Professor McMillan and Pro
fessor Nachtrieb respectively." The reference in the Regents' report to 
geological obviously is an error as only the natural history was intended. 

Beginning in 1899, botanical and zoological work was carried for
ward with vigor. Annual expenditures mainly on botanical and zoological 
work, in the period 1900-1910, ranged from $2,164.22 to $21,703.90 and 
totaled somewhat more than $180,000. 

Meanwhile, although geologic work by the Minnesota Geological 
and Natural History Survey was discontinued, geologic work in the State 
was by no means neglected. Professor C. W. Hall, Chairman of the 
Department of Geology, and his staff presumably attended to such re
quests for geological information as came to the University. It was during 
this period that United States Geological Survey Water Supply Paper 
256, "Geology and Underground Waters of Southern Minnesota," was 
prepared under the direction of Professor Hall. The work was done in 
cooperation with the Minnesota State Board of Health, mainly in 1906 
and 1907, although compilation and printing extended to 1911. Although 
no record of payments has been found, some geological work evidently 
was done under the auspices of the Survey, for a paper published by 
Frank F. Grout in 1910 has a footnote stating, "By permission of the 
Minnesota Geological and Natural History Survey." 

Beginning about 1900, geologists of the United States Geological 
Survey became very active in Minnesota as part of a comprehensive study 
of the geology of the Lake Superior region. Charles R. Van Hise was in 
charge of this program, but C. K. Leith and J. M. Clements were respon
sible for a large part of the field work. This work resulted in the publica
tion in 1903 of Monograph 43, "The Mesabi Iron-bearing District of 
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Minnesota," by Leith and of Monograph 45, "The Vermilion Iron-bearing 
District of Minnesota," by Clements. 

Winchell continued to publish papers on Minnesota geology dur
ing this period, and a total of thirteen a(>peared between 1900 and 
1913. Many other geologists continued studies of various aspects of the 
geology of the State; the titles of these papers appear in the "Bibliogra
phy of Minnesota Geology" (Bulletin 34). In 1910 Professor Hall was 
ill and due to retire as he had served the University since 1878. 
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Plate 2-\Villiam Harvey Emmons, Director of Minnesota Geological ur\'ey from 1911 
to 1944; concurrently Chairman of the Department of Geology and Mineralogy. 



The Period 1911-1961 

President Vincent, who was very active in building up the staff and 
facilities of the University, in 1911 asked William Harvey Emmons of 
the University of Chicago and of the United States Geological Survey 
to come to the University of Minnesota. It is known that Emmons insisted 
as a condition to his acceptance of the offer that the Minnesota Geological 
Survey be put on a firm basis. This condition was met, and he became 
both Chairman of the Department of Geology and Director of the Min
nesota Geological Survey. 

The minutes of the Board of Regents for a meeting held January 6, 
1911 (page 11) shows the following pertinent statements: The following 
resolution was adopted: "Resolved that the Board of Regents recommend 
to the Legislature that appropriations be made for the establishment of a 
State Geological Survey, in connection with the Geological Department 
of the University of Minnesota." (pages 37, 38) "Voted that a Geological 
Survey of the state be inaugurated in accordance with the authority im
plied in the appropriation for this purpose made by the last legislature. 
This survey, which is not a continuation of the work heretofore known as 
the Geological and Natural History Survey, will undertake an examina
tion of the rocks, clays, marls and other natural materials with reference 
to the occurrence of ores, building materials and other valuable sub
stances. The Regents will submit to the Governor an annual report show
ing progress and results. Cooperative arrangements with the United 
States Geological Surveyor other departments of the Federal government 
will be regarded as falling within the scope of this undertaking, as well 
as any form of cooperation with other departments of the state govern
ment or of the University. The University in behalf of the Survey shall 
furnish a copy of each of its reports to each high school, normal school or 
college or university library of the state, and to such libraries outside the 
state as may be selected. Provision shall also be made for the sale of this 
report to private parties at cost." 

The budget for 1911 shows $6,500 allotted to the Survey and also 
showed that Professor Emmons' salary was to be $5,000, of which $1,500 
was to come from the Survey allotment. Emmons assumed his duties 
December 15, 1911, and continued until retirement June 30, 1944. Doubt
less at the suggestion of Emmons the following regulation was adopted by 
the Regents: "Director and all members of the Survey are forbidden to 
act as agents in the transfer of mineral lands in Minnesota, or to accept 
fees for expert advice relating to property within the state." 

Reports of the director were required for inclusion in the yearly and 
later biennial reports of the President of the University to the Board of 
Regents. These printed summaries furnish an excellent running account of 
the activities of the Survey from 1911 to date. The first report by Emmons 
covered the fiscal year which began August 1, 1911, shortly before he 
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assumed his duties. Cooperative arrangements were made with the 
United States Geological Survey, with the School of Mines Experiment 
Station, and with the School of Chemistry. Arrangements also were made 
with the State Drainage Commission to cooperate with the Federal Sur
vey in topographic mapping of the Cuyuna district. 

The 1912 field season, the first under the new arrangement, was de
voted to geologic mapping of four quadrangles in western Minnesota 
(U. S. Geological Survey Folio 210); also, studies were started on build
ing stones, clays, and Pleistocene geology. The principal workers were 
Oliver Bowles, Frank F. Grout, and F. W. Sardeson. A contour map of 
the state was compiled, and arrangements were made for the preparation 
of a relief map of the state. The energy with which Dr. Emmons assumed 
his duties as Director is evident from his report, which covered only the 
first 10lf months of service. 

During fiscal year 1912-1913 work begun the previous year was con
tinued, and studies were started on the Cuyuna range, where ore had 
been discovered in 1907. The investigations of Leverett and Sardeson on 
the surface formations particularly were emphasized. This was a coopera
tive project with the U. S. Geological Survey, which led to important 
publications to be noted later. The field work by Oliver Bowles for a 
report on the structural and ornamental stones was largely completed 
during the summer of 1913. 

In 1914 an investigation of the peat deposits of Minnesota was begun 
by E. K. Soper in cooperation with the United States Bureau of Mines 
and the Division of Soils of the Department of Agriculture. Also in 1914, 
Frank Grout began his well known shldy of the Duluth Gabbro, with 
special reference to the titaniferous magnetite deposits; in this he was 
joined in later years by T. M. Broderick. 

For the biennium which began August 1, 1915, the Survey appropria
tion was increased to $8,250 per year. The investigations noted above 
were continued, and results began to appear in published form; the first 
bulletin issued since the Winchell regime was number eleven, a prelimi
nary report on clays by Grout. Bulletin 12, on the surface formations of 
northwestern Minnesota, by Leverett and Sardeson, was also published 
in 1915. It is interesting to note that A. 1. Levorsen, the well-known pe
troleum geologist, got his first field experience as assistant to Grout on the 
Duluth Gabbro project in 1915. A cooperative project on the Cuyuna 
district also began in 1915, with E. C. Harder representing the United 
States Geological Survey and A. VV. Johnston the Minnesota Geological 
Survey. 

In 1916 work on the Eastern Mesabi district by Grout and Broderick 
was emphasized, as a part of the study of ore concentration which nearly 
40 years later led to the big taconite industry. Work on the Cuyuna and 
adjacent areas was continued by A. 'v. Johnston. Reports on the peat 
deposits, clays and shales, and building and ornamental stones were com
pleted and submitted for publication. 

14 



In fiscal year 1917-1918 World War I began to have its effect. E. C. 
Harder was called back to Washington to serve on the Shipping Board, 
but A. W. Johnston continued his studies on the Cuyuna range. Bulletins 
13 and 14 on the surface formations of northeastern and southern Min
nesota by Leverett and Sardeson, respectively, were published. Bulletins 
12, 13, and 14 included brief county reports on the surficial deposits and 
soils and included three colored maps which gave complete coverage of 
the State on the United States Geological Survey base map. These bul
letins and maps have proven to be of great value even today, forty-seven 
years after publication, and are in daily use. 

The vigor with which work was carried on during the first six years 
under the direction of Emmons is indicated by the publication of Bulletin 
15 on the Cuyuna district, by Harder and Johnston, and of Bulletin 16, 
a comprehensive report on the peat deposits of the State. Thus in six 
years, six projects were started, carried to completion, and final reports 
were published. This is a tribute not only to Emmons but to the men 
who worked under him. 

In 1918 the fiscal year was changed to extend from August 1, 1918 
to June 30, 1919, and thereafter from July 1 to June 30, an arrangement 
which extends to the present. 

In the above period, the report by Grout and Broderick on the East
ern Mesabi disb'ict was published as Bulletin 17. Also, the final report 
on clays and shales, a cooperative project with the United States Geologi
cal Survey, appeared as Bulletin 678 of the Federal Geological Survey. 
Projects were started in 1919 on the detailed stratigraphy of the western 
Mesabi district and on the Gunflint district by T. M. Broderick, assisted 
by J. W. Gruner. Grout started a reconnaissance of the large wild area 
underlain by the Vermilion Granite and associated metamorphic rocks. 
This project continued during the following field season; G. A. Thiel was 
among Grout's assistants. T. M. Broderick left the University in June 1920 
to work for the Calumet and Hecla Copper Company, and the investiga
tion on the Mesabi range in 1920 was continued by J. W. Gruner. 

In 1921 G. M. Schwartz worked for the Survey in cooperation with 
the Highway Commission on the distribution of materials suitable for 
the construction of highways. He had started as a full-time instructor in 
the Deparbnent of Geology in September 1919; Gruner and Thiel joined 
the deparbnent staff in 1920. The six senior members of the geology staff 
thus consisted of Emmons, Grout, Gruner, Schwartz, Stauffer, and Thiel 
and, as the major survey projects were largely supervised by them, a 
continuity was established that was unbroken until Emmons and Stauffer 
retired in 1944. Others of the group continued as follows: Grout to 1948, 
Gruner to 1959, Schwartz and Thiel to 1961. At no time between 1911 
and 1961 were there any full-time employees on the Survey except pos
sibly for a year or two in the early period. Because of the continuity, 
many projects extended over several years, and the work may best be 
described in terms of projects rather than in strictly chronological order. 
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PialI' 3- Field conference on island in Cache Bay, Saganaga Lake, August, 1922. G. M. Schwartz (second from left ) and F. F. Grout (second pel'son 
to right of Schwartz) met with Professor U. S. Grant of Northwestern University (in front of Grout) and sludents. 



In 1921 T. S. Lovering assisted Grout in a project onthe area under
lain by the Vennilion Granite, and H. A. Schmitt worked with Gruner 
on the Mesabi range. This reminds one of the number of Survey assistants 
who went on to distinguish themselves in the field of geology. The number 
who received their first field b'aining over the period from 1911 to 1961 
is in the hundreds, so it is impractical to note but a few; but essentially 
without exception these young men gave devoted and untiring service, 
and many went on to prominent positions in industry, teaching, and the 
Federal Geological Survey. To emphasize the point one needs only to 
mention, in addition to those noted above, such names as Donald David
son, Francis Pettijohn, Ira Cram, Francis 'Wells, and C. E. Dutton. 

As a result of the continuing work on the Mesabi range, Gruner in 
1922 published a paper in Economic Geology entitled, "Paragenesis of the 
Martite Ore Bodies and Magnetites of the Mesabi Range" (v. 17, p. 144). 
Apparently this was the first recognition that the hematite of the Mesabi 
area was in fact pseudomorphic after magnetite. 

In 1922 C. R. Stauffer began detailed investigations of the Paleozoic 
rocks that extend over most of the southeastern quarter of the state. He 
studied various aspects of the stratigraphy and paleontology and the lime
stone and dolomite resources, which resulted in the bulletins mentioned 
later as well as several shorter papers published in geological journals. 
Also in the 1922 field season, G. M. Schwartz, working under Grout, stud
ied the contrast in the thermal effects of gabbro and granite on green
stone, and G. A. Thiel investigated the manganese deposits of the Cuyuna 
district. Both studies resulted in Ph.D. theses submitted in 1923 and pub
lished in 1924 in the Journal of Geology and Economic Geology respec
tively. 

In 1917 G. N. Knapp began a study of sands suitable for use in local 
foundries. This investigation continued at intervals as time permitted, 
and Bulletin 18, entitled "A Report on the Foundry Sands of Minnesota" 
was published in 1923. Also in that year, 1. S. Allison began a compre
hensive study of the Giants Range Granite, which resulted in a Ph.D. 
thesis and a paper published in 1925. 

In 1922 G. M. Schwartz began studies of the Keweenawan rocks of 
the North Shore of Lake Superior, largely to determine the broad outlines 
of formations to be used on a geologic map of the State. Work on the 
Keweenawan rocks by both Grout and Schwartz continued for nearly 
forty years and culminated in a report on Cook County (Bulletin 39), 
published in 1959 after Grout's death. In that report, Robert P. Sharp was 
responsible for tlle chapter on Pleistocene geology. 

Gruner's work on the Mesabi range resulted in the publication in 
1924 of Bulletin 19, which was accompanied by a colored geologic map 
at a scale of 1:62,500. 

As a result of interest in a new highway being constmcted along the 
North Shore of Lake Superior, G. M. Schwartz compiled a guidebook for 
Highway No.1, which started at the Iowa border near Albert Lea and 
ended at the Pigeon River on the Canadian border. This appeared in 1925 
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as Bulletin 20. The treatment of the geology for the layman was well re
ceived by citizens of the State, and compliments on it were received as 
much as forty years later. The report stimulated an interest in popular 
geology by Schwartz and Thiel that resulted in many contributions over 
the years. 

Several seasons of field work in the Vermilion area by Grout and 
assistants culminated in 1925 in the publication of Bulletin 21, entitled 
"The Geology of Northern St. Louis County." In the 1925 field season 
Grout and Schwartz started mapping the area of the Rove Formation 
in Minnesota, a task which lasted over three full field seasons and lesser 
periods. The mapping was stimulated by known copper prospects in the 
area and by the fact that silver deposits of importance occurred in the 
Rove Formation just north of the Canadian border. This work resulted 
in Bulletin 24, published in 1933. 

In 1926 G. A. Thiel started a detailed investigation of the fresh-water 
marl deposits which were known to be extensive over much of the State. 
This project continued through the 1928 field season. 

Having finished his study of the Giant's Range Granite, I. S. Allison 
started research in 1925 on tl1e water resources of northwestern Minne
sota, where supplies adequate for the needs not only were difficult to 
obtain in many areas but often were highly saline and objectionable both 
to man and animals. Intensive field work by Allison and chemical work 
by R. J. Leonard resulted in a particularly valuable report "The Geology 
and Water Resources of Northwestern Minnesota," published as Bulletin 
22. 

Beginning in 1928, the President's report to the Board of Regents 
was changed from yearly to biennial, and the report of the Director of 
the Minnesota Geological Survey was changed accordingly. In the bien
nium July 1, 1928 to June 30, 1930, the Survey work consisted mainly of 
continuation of the projects on the Rove Formation, Paleozoic rocks of 
southeastern Minnesota, and marl deposits; Gruner began detailed map
ping of the eastern part of the Vermilion district, underlain to a large 
extent by the very thick sequence of beds known as the Knife Lake 
Group. 

An important milestone was the publication in 1932 of a geologic map 
of the State at a scale of 1:500,000. The compilation involved a tremen
dous amount of work, but Professor Emmons was deeply interested and 
did a large part of the actual compilation and supervision of the drafting. 
Although financed by the Minnesota Survey, the final work of engraving 
and publication was done at the United States Geological Survey in 
Washington, D.C. 

In 1931, as a result of repeated requests by engineers and others, 
G. M. Schwartz was assigned by Director Emmons to begin a detailed 
study of the geology of the Minneapolis-St. Paul metropolitan area, with 
particular reference to foundation" sewage disposal, and water supply 
problems. This study continued over several years and resulted in the 
publication in 1936 of Bulletin 27, entitled "The Geology of the Minne-
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apolis-St. Paul Metropolitan Area." This bulletin, which contained a 
wealth of detailed information, eventually proved to be the most useful 
work ever published by the Survey. A complete restudy of the area was 
begun in 1962. 

As a result of the depression which began in 1929, the survey appro
priation for the biennium 1933-35 was reduced to $12,500. Accordingly, 
field work and publication had to be carried on with extreme frugality. 
In spite of the handicaps and with the devotion of the staff, work and 
publication continued. Thus, in 1933 a report combining the work of 
Stauffer and Thiel on limestone and of Thiel on marl was published as 
Bulletin 23 and a paper on the Rove area, by Grout and Schwartz, ap
peared as Bulletin 24. In the same year Thiel and Dutton began a proj
ect on the architectural, structural, and ornamental stones of Minnesota, 
which resulted later (1935) in the publication of Bulletin 25. Also in 
1935, Bulletin 26 by Professor W. S. Cooper of the Botany Department 
entitled "The History of the Upper Mississippi River in Late Wisconsin 
and Postglacial Time" was published. The work was largely a labor of 
love by Cooper; expenses and publication costs were supported by Gradu
ate School research funds. The reason for publication in the geological 
series is evident from the title. 

In 1929 G. M. Schwartz began a detailed study of the peculiar anor
thosites of the North Shore of Lake Superior, particularly in Lake 
County. This work was interrupted by private work and in 1931 by as
signment to the Minneapolis-St. Paul area project. On the essential com
pletion of the work in the Twin Cities, Schwartz, and later Grout, re
newed work on the anorthosites and spent the greater part of the field 
seasons of 1933, 1934, and 1935 in completing the field work and com
pilation. The report was published in 1939 as Bulletin 28, "The Geology 
of the Anorthosites of the Minnesota Coast of Lake Superior." 

~n 1937 Schwartz was asked to begin a study of the Duluth metro
politan area, a project similar to that done in the Minneapolis-St. Paul 
area. The geology of the two areas, however, is completely different, and 
much more detailed field mapping was required. Intensive field work 
was carried out during the summer seasons from 1937 to 1940, when prob
lems relating directly to the war effort intervened. The report was not 
completed until 1949; it was published as Bulletin 33. 

In 1931 Thiel began a revision of the report on the underground 
waters of southern Minnesota, which had appeared originally in 1911 as 
United States Geological Survey Water Supply Paper 256. This work in
volved a study of nearly 40,000 square miles and extended over several 
field seasons. The investigation culminated in the publication in 1944 of 
Bulletin 31, "The Geology and Water Resources of the Southern Half of 
Minnesota." 

Meanwhile, Stauffer and Thiel had compiled the stratigraphic part 
of their work in southern Minnesota as Bulletin 29, "The Paleozoic and 
Related Rocks of Southeastern Minnesota," which was published in 1941. 
Also in 1941, the result of Gruner's comprehensive work in the Eastern 
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Plate 4-Frank F. Grout, Director, 1944-1946, and Professor of Geology, Department of 
Geology and Mineralogy. 



Vermilion di~trict appeared as "Structural Geology of the Knife Lake 
Area of Northeastern Minnesota," published in volume 52 of the Bulletin 
of the Geological Society of America. 

For years it had been realized that there was a complete lack of a 
summary of the commercial mineral resources of Minnesota. Accordingly, 
about 1940 Professor Emmons decided something must be done, so with 
his usual vigor he proceeded, with the help of members of his staff
particularly Grout-to assemble such a summary. This resulted in the 
publication in 1943 of Bulletin 30, entitled "Mineral Resources of Min
nesota." It has remained the only quick reference to the mineral deposits 
in the State. 

By 1941 the work of the Sun1ey was badly interrupted by the war; 
the staff was involved in teaching various service units during tlle normal 
field season as well as during the academic year. Grout left his work in 
Cook County to concentrate on a study of the manganese deposits of the 
Cuyuna district, and this in turn led to his making an exhaustive study 
that continued after tlle war. 

The first big change in the geologists involved in the Geological Sur
vey occurred witll the retirement in 1944 of W. H. Emmons, who had 
served as Director continuously since 1911. He was succeeded by Frank 
F. Grout on a temporary basis, as several geologists were away on war 
work. At the same time, G. A. Thiel became Chairman of the Department 
of Geology. Emmons was widely known nationally and internationally. 
He was, therefore, frequently called as a consultant dming tlle summer 
months; normally he did not accept outside work during the academic 
year. His main conb'ibution to the Survey was his enthusiasm and interest 
in the staff and their projects. He was also an expert at editing the papers 
:md bulletins, and all who worked under him profited from his help. One 
of tlle pleasures of working under him was the freedom he gave a mem
ber of his staff once a problem was assigned. As Emmons often was away 
during the field season, he left the direction of the Survey during those 
times largely to Grout. Also, because of Grout's greater knowledge of the 
geology of the State, Emmons was largely guided by his advice on Survey 
problems. They formed an excellent team. 

In 1944 Thiel started a compilation of the underground geology and 
water resources of tlle northeastern quarter of tlle State. This, combined 
with his earlier bulletin on the southern half and with Allison's bulletin 
on the northwestern part of the State, gave general coverage of the water 
resources of the State. 

Also in 1944, Gruner resumed work on tIle Mesabi disb'ict, under 
the financial support of the Commission of Iron Range Resources and 
Rehabilitation and with the cooperation of tIle Minnesota Geological Sur
vey. In 1946 tlle results of this work appeared as a comprehensive report 
published by the Commission entitled "The Mineralogy and Geology of 
the Taconites and Iron Ores of the Mesabi Range, Minnesota." In 1946 
Professor Grout requested relief from the duties of the Director in order 
to devote his last two years of service entirely to teaching and research, 
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Plate 5-George Melvin Schwartz, Director, 1946-1961, and Professor of Geology, Depart
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including completion of reports on the Cuyuna district and Cook County. 
George M. Schwartz was appointed to the Directorship. 

Dr. Grout retired as a professor in 1948. He had served the Univer
sity continuously for 41 years. He was a quiet but extremely effective 
teacher, as hundreds of his students would testify. It was, however, in 
the field that he was at his best, and his love of the "north woods" and the 
"canoe country" was legendary. He was extremely effective in teaching 
young men in the field, perhaps because no effort was too great nor any 
detail too small to receive his earnest examination. Minnesota geology 
owes him a great debt, as do those of us who worked under and with him! 

In April, 1947 the Minnesota Geological Survey was fortunate to 
arrange a cooperative agreement with the United States Geological Sur
vey to begin an aeromagnetic survey of northern Minnesota. This agree
ment was renewed several times, and between 1947 and 1952 about 
40,000 square miles was covered, revealing many hitherto unknown facets 
of the geology of the northern half of Minnesota. In all, 54 aeromagnetic 
maps have been issued on a scale of one inch to one mile. 

In 1948 a graduate student in the Department of Geology, James 
Zumberge, started a geological study of the origin of the many thousands 
of lakes in Minnesota. This resulted in publication in 1952 of Bulletin 35, 
entitled "The Lakes of Minnesota, Their Origin and Classification." 

W. C. Bell joined the staff of the Department of Geology in 1946, 
and immediately was urged to work on the stratigraphy and paleontology 
of the Cambrian beds in Minnesota and adjacent parts of vVisconsin. Over 
the period from 1947 to 1954, when he left Minnesota, Bell and his stu
dents made an exhaustive study resulting in modernization of ideas of the 
Upper Cambrian (Croixian) of the Upper Mississippi River valley. 

In 1947 Thiel completed the report on the "Geology and Water Re
sources of Northeastern Minnesota," which was published as Bulletin 32. 

Professor Grout continued to work on his own time at intervals, and 
in 1949 his report entitled "Titaniferous Magnetites of Minnesota" was 
published by the Commission of Iron Range Resources and Rehabilita
tion, which also had furnished funds for several important diamond drill 
holes. The work of the Minnesota Geological Survey on the titaniferous 
magnetites dating back to 1917 was summarized in the report. 

Professor Herbert E. Wright, Jr. joined the staff of the Department 
of Geology in 1947, and in 1948 he started a reconnaissance of the glacial 
geology of the State with the intent of revising the Pleistocene geology 
in tlle light of modern ideas and methods, particularly radioactive dating. 
Wright's work over the years has resulted in many striking revisions of 
the glacial geology of the State, and at this time is still progressing. Sev
eral papers published in geological journals show the progress of this 
work. In connection with these studies, in 1952 ';~hight assigned Allan 
F. Schneider the task of mapping in detail the glacial geology of the 
Cushing quadrangle and that part of the Belle Prairie quadrangle lying 
west of the Mississippi River. This area is just west of the Cuyuna range, 
and is a key area for unravelling some of the complexities of ice sheets 
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which came from the northwest, north, and northeast. Schneider spent 
the field seasons of 1952 and 1954 in the area and also shorter periods 
later. The result was the publication in 1961 of Bulletin 40, entitled 
"Pleistocene Geology of the Randall Region, Central Minnesota;" as ex
pected, the conclusions and map contributed significantly to an under
standing of tlle glacial geology of Minnesota. 

In 1950 David White started a detailed study of the structure of 
the Mesabi range, with the purpose of preparing structural contour maps 
that might indicate why certain areas had been leached to provide high
grade ore bodies whereas large adjacent areas still remained unaltered. 
This work, supervised by Gruner, revealed many significant relations. It 
was presented as a Ph.D. thesis, and appeared in 1954 as Bulletin 38, en
titled "The Stratigraphy and Structure of the Mesabi Range, Minnesota." 

In 1951 the first comprehensive bibliography of Minnesota geology, 
by Theodora A. Melone and Leonard W. Weis, was published as Bulletin 
34. Miss Melone, the librarian of the Winchell Library of Geology, cer
tainly knows more than anyone else about the geological literature on 
Minnesota. 

It has been noted previously that Schwartz and Thiel, as long time 
members of the Department of Geology and part-time employees of the 
Minnesota Geological Survey, had a deep interest in popularizing geology. 
This led them to write a summary of the geology of the state for the non
geologist, entitled "Minnesota's Rocks and Waters," which was published 
in 1954 as Bulletin 37. The bulletin has been extremely well received and 
now is in its second edition; more than 10,000 copies have been sold by 
the University of Minnesota Press. 

In 1955 the Reserve Mining Company made available a liberal gradu
ate fellowship to permit detailed studies of the mineralogy and strati
graphy of the taconite deposits of the Eastern Mesabi district, under the 
direction of the Minnesota Geological Survey. James Novotny Gundersen 
was granted the fellowship and, under the supervision of G. M. Schwartz, 
carried out an extremely detailed study. The study revealed hitherto 
unknown complexities of the mineralogy that had a direct bearing on 
mining and on problems of concentration pertinent to the making of the 
high-grade pellets desired by the steel companies. The compilation of 
results was used as a Ph.D. thesis and later was revised to appear as 
Bulletin 43, "The Geology of the Metamorphosed Biwabik Iron-formation, 
Eastern Mesabi District." Also in 1955, the report long under compilation 
by F. F. Grout and J. F. 'Wolff, Sr. on the Cuyuna district appeared as 
Bulletin 36. Professor Frank F. Grout died rather suddenly on August 1, 
1958. He had hoped to finish the report on Cook County that represented 
work he had carried on intermittently for over 40 years. G. M. Schwartz 
and Robert P. Sharp, who had worked with Grout, accordingly finished 
the report; it was published in 1959 as Bulletin 39. 

When Professor Grout retired in 1948, Dr. Samuel S. Goldich was 
appointed Professor of Geology with the responsibility of teaching 
cOurses in petrology and supervising the Rock Analysis Laboratory. Be-
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cause of his many duties, Goldich did not spend much time as a formal 
employee of the Survey, but he supervised field work for theses in the 
Minnesota River valley and in the Duluth area. At the same time he was 
of great assistance to the Survey by providing analyses determined in the 
Rock Analysis Laboratory. 

In 1955 Goldich, in cooperation with Professor A. O. Nier of the De
partment of Physics, planned a program of radioactivity dating to assist 
in solving some of the many complex problems found in the Precambrian 
rocks of Minnesota and adjacent areas. This work received liberal support 
from the National Science Foundation; the Minnesota Geological Survey 
supported the field work. The investigation continued for several years 
and resulted in a truly noteworthy contribution, "The Precambrian Ge
ology and Geochronology of Minnesota," published as Bulletin 41. The 
large number of ages determined during this project perhaps made the 
Precambrian rocks of Minnesota better dated than rocks of any other 
similar area on the continent. 

In 1958 Governor Luther Youngdahl appointed a committee to co
ordinate topographic mapping in the State, which had been largely neg
lected. G. M. Schwartz, Director of the Survey, was appOinted chairman 
and, as is usual with committees, largely wrote the report. As a result of 
the recommendations given in the report, the State Legislature of 1949 
appropriated $50,000 per year for the biennium 1949-51 to be used for 
cooperative topographic mapping with the United States Geological 
Survey. Also, a State Mapping Advisory Board was established by the 
Legislature, and at the first meeting of the Board in 1949 Schwartz was 
elected as chairman. He has remained as chairman since that time. The 
funds for topographic mapping are actually administered by the Depart
ment of Conservation. The Commission of Iron Range Resources and 
Rehabilitation, at the urging of chairman Schwartz, also has provided 
funds for topographic mapping in the northeastern part of the State. In 
addition, the Federal Survey, largely at the request of the Department of 
Defense, has mapped large areas; as a result, on January 1, 1964 about 
fifty percent of the state either had been mapped or was in progress. 
In 1964 the State Mapping Advisory Board proposed a program, funds 
permitting, to complete topographic mapping of the state in 10 years, 
starting July 1, 1965. 

In 1954 Professor R. E. Sloan, who succeeded W. C. Bell when he 
left to join the geology staff at the University of Texas, began a shldy of 
the scattered outcrops of Cretaceous sediments that extend into Minne
sota from the Williston Basin. In the next year Richard L. Pierce collected 
leaf impressions in Cretaceous beds at New UIm and, at the urging of 
Sloan and with the support of the Minnesota Geological Survey, he began 
an intensive study of the Cretaceous plant microfossils. Pierce also was 
aided by grants from the Botany Department and the National Science 
Foundation. The resulting manuscript, "Lower Upper Cretaceous Plant 
Microfossils from Minnesota," was prepared under the direction of Pro
fessor John vV. Hall of the Botany Department, and was published as 
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Bulletin 42; the cost of publication was shared by the Hayden Fund of 
the Department of Botany and the Minnesota Geological Survey. 

Professor Frederick M. Swain joined the staff of the Department of 
Geology in 1946. \Vork with the United States Geological Survey, the 
Pennsylvania Railroad, and other interests prevented him from working 
for the" Minnesota Survey except for short periods. He has conducted an 
extensive survey of the bottom sediments of many Minnesota lakes, 
mainly supported by grants from the National Science Foundation, the 
American Chemical Society, and the Graduate School; the Survey has 
supported some field work. In addition, he has made a detailed study of 
the Ostracoda of the Decorah Shale in Minnesota. Several papers have 
appeared and others are in preparation on both of the above projects. 

By 1961 the passage of time had caught up with the Minnesota Geo
logical Survey, and the automatic retirement rule of the University forced 
the retirement on June 30 of George A. Thiel, as Chairman of the De
partment of Geology, and George M. Schwartz, as Director of the Survey. 
Thus ended an era that began with the appointment in 1911 of William 
H. Emmons, as Chairman and Director. Under this regime, John W. 
Gruner had retired from the department in 1959. 

The financial support given the State Survey during the period 1911 
to 1961 was very meager (see Appendix C), but the accomplishments 
were far beyond what might reasonably be expected. The prime reason 
was the dedicated service rendered by practically everyone who worked 
for the Survey. The pay during the field season was much less per month 
than during the academic year until World War II when a University 
regulation was passed that required that the pay scale be the same 
throughout the year. Another important factor that contributed to the 
effectiveness of the Survey was the administration of the Survey by the 
University. As a result of services provided by the University, the Survey 
did not have to pay directIy for space, heat, light, janitor service, and 
several other expenses. The Winchell Library of Geology, which serves 
both the Department and tIle Survey, was and will continue to be of 
inestimable value. Cooperation with the School of Mines and the Mines 
Experiment Station has always been close and of great value. The same 
is true to a lesser but important degree of the Departments of Chemistry 
and Physics. 

The total of the budgets from 1911 to 1961 is $560,362. It is a pleas
ure to acknowledge that as a result of tIle efforts of President James L. 
Morrill tIle budget was increased in 1947 from about $8,000 to about 
$20,000 and again in 1961 under President O. Meredith Wilson the 
budget was increased to about $60,000. 
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The Present Period 

by 

P. K. SIMS 

Concurrently with the retirement of G. M. Schwartz in 1961, the 
State Legislature appropriated additional funds to increase the Survey's 
activities. P. K. Sims, formerly geologist with the U. S. Geological Survey, 
was appointed as Director; he assumed his duties on September 1, 1961. 
The increase in support for the Survey resulted from the recommenda
tions and influence of several individuals and scientific and engineering 
groups in the State. 

The appointment of a full-time director, and later of full-time staff 
members, represented a milestone in the history of the Geological Survey. 
During the previous 50 years there were no full-time employees of the 
Survey; the directors had split appointments with the Department of 
Geology and the field staff had part-time appointments with the Survey 
during the summer only. 

One of the first acts of the Director was to develop plans and ob
jectives for the State Survey that would be consistent with the State's 
needs. In developing these plans, the Director benefited from discussions 
with many individuals and groups in the State, and particularly from the 
counsel of an advisory committee of outstanding geologists appointed by 
Governor Elmer L. Andersen. This committee consisted of Lee Arm
strong, Jack Everett, Harold L. James, Henry Lepp, Ralph Marsden, 
Thomas E. Stephenson, and Duncan Stewart. 

The Director made recommendations to the President of the Uni
versity-for transmittal to the 1963 Legislative session-that the Survey 
be expanded to the extent that it could resume the strong position in 
development of mineral resources of the State that it held during the early 
history of the Survey. Substantial increases were proposed in all aspects 
of the Survey's activities and responsibilities: 1) geologic mapping, 2) 
resource studies, 3) geologic engineering studies, 4) clearing-house func
tion, and 5) public education. 

With the availability of many modern, standard topographic quad
rangle maps, which previously had been badly lacking in the State, a 
modest geologic mapping program was begun in 1961. Of prime im
portance was the start of geologic mapping within the Duluth Gabbro 
Complex in the Gabbro Lake 15-minute quadrangle of western Lake 
County, by Dr. W. C. Phinney of the Department of Geology and gradu
ate students. This area, which is situated near the center and at the base 
of the arcuate-shaped gabbro body in northeastern Minnesota, had been 
recommended for study by Schwartz because it was thought that it would 
provide maximum information on the structure and composition of this 
classical mass and its contained copper-nickel deposits. Laboratory stud-
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ies of this project are being supported in part by funds from the National 
Science Foundation. In the following year, Dr. J. C. Green of the Depart
ment of Geology at the University of Minnesota, Duluth began mapping 
the complex pre-Keweenawan rocks within the same quadrangle. 

In 1962 Dr. John E. Stone was appointed as glacial geologist, to 
begin a long-range project on the geology of the Minneapolis-St. Paul 
meh'opolitan area, intended to result in a new geologic map of the area 
and a comprehensive summation of the engineering properties of its 
rocks and soils as related especially to urban development. At about the 
same time, C. Marshall Payne started studies of the subsurface geology 
of the Twin Cities area. These projects were started to up-date and re
vise the excellent earlier work of G. M. Schwartz, published nearly 30 
years earlier, which had proved so valuable to engineers and city plan
ners. The first products of this work, a revised topographic and geologic 
map of the buried bedrock surface of the Twin Cities area, by Payne, 
and a geologic map of the surficial deposits of the New Brighton 7)f
minute quadrangle, by Stone, were released to open files in the spring of 
1964. 

The Legislature of 1963 approved a modest increase in the Survey 
budget for the biennium and appropriated funds, included in the Omni
bus Natural Resources Act of 1963, for about 15,000 linear miles of aero
magnetic surveying in the State. With the completion of this surveying, 
done cooperatively with the U. S. Geological Survey, only 12,700 square 
miles of the State remained to be Hown with the airborne magnetometer. 

In 1963 three significant new projects were started. R. K. Hogberg, 
appointed July 1 as Assistant to the Director and geologist, began in
vestigations of the industrial minerals and rocks of the State. Work on 
this aspect of the State's mineral resources is needed to meet the accel
erated demands on our natural resources imposed by an expanding popu
lation and rapid urban development. At the same time, Bill Bonnichsen, 
a graduate student in the Deparhnent of Geology, started geologic map
ping and related studies of the Biwabik Iron-formation at the east 
end of the Mesabi range, in an area to be developed for taconite produc
tion. The iron-formation at this locality is metamorphosed and intruded 
by the Duluth Gabbro Complex. Dr. Walter E. Parham, appointed Sep
tember 1, 1963 as clay mineralogist, started a comprehensive study of 
the kaolinite clay deposits in the Minnesota River valley. A preliminary 
report of this study, by Parham and Hogberg, entitled, "Kaolin Clay Re
sources of the Minnesota River valley in Brown, Redwood, and Renville 
Counties" was published in the summer of 1964 as Report of Investiga
tions 3. 

The first two maps of a planned geologic map atlas of the State, to 
be compiled at a scale of 1:250,000 on the Army Map Service topographic 
bases, were completed in the winter of 1963-64. The maps, prepared by 
R. E. Sloan of the Deparhnent of Geology and G. S. Austin of the Survey, 
covered the Mason City and St. Paul 1:250,000 map sheets. Data were 
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compiled from published and unpublished theses, supervised in part 
by Sloan, and available water-well data. 

Several other field and laboratory projects, carried on mainly by staff 
members and graduate students of the Department of Geology, were 
completed during 1963-64. Among these were a study of the Rove Slate, 
which includes detailed mapping in the South Lake quadrangle, Cook 
County; paleontology of the Decorah shale; geologic mapping and petrol
ogy of the ancient Precambrian rocks in the Granite Falls and Montevideo 
areas in the Minnesota River Valley; and glacial studies in east-central 
and northeastern Minnesota. The glacial studies were done mainly by 
Dr. E. J. Cushing who had a half-time appointment with the Survey dur
ing the year. In 1963 a significant report was published in the Journal 
of Geophysical Research on the Minnesota segment of the Mid-continent 
Gravity High, entitled "A Gravity Investigation of the Precambrian of 
Southeastern Minnesota and 'Western Wisconsin," by Campbell Crad
dock, Edward C. Thiel, and Barton Gross. 

The increase in Survey activities led to the establishment of tlrree 
new publication series during the biennium 1963-64. A formal geologic 
map series, to be published by the University of Minnesota Press, was 
started with the release of GM-l, "Bedrock Geology of Duluth and Vicin
ity," by Richard B. Taylor. This series, issued in pamphlet form, consists 
of colored geologic maps, mainly of standard 7:Jf-minute and 15-minute 
quadrangles, and abbreviated texts. To provide prompt release of geo
logic and economic data, two new publication series were issued directly 
by the Minnesota Geological Survey: 1) Reports of Investigations and 
2) Information Circulars. RI -1, entitled "Geologic Interpretation of Mag
netic Map of McLeod County, Minnesota," by P. K. Sims and G. S. Austin 
and RI-2, entitled "Geology of Clay Deposits, Red Wing Area, Goodhue 
and Wabasha Counties, Minnesota," by G. S. Austin, were the first of the 
reports of investigations to be issued. Information Circular 1, by R. K. 
Hogberg, entitled "Directory of Minnesota Mineral Producers, 1962," also 
was published in the spring of 1964. 

The increases in the budgets during the past two biennial periods 
(see Appendix C) have permitted the Survey to expand its staff and 
broaden the scope of its work. However, the level of operation still is 
far below that needed in the State. The accelerated demands on our 
natural resources, the need for new materials from which a more diversi
fied economy can grow, and the problems consequent upon rapid urban 
growth all require that geologic research and mapping be stepped up. 
Also, the uses made of knowledge of geology is steadily increasing, and 
it is safe to say that fuhlre uses will include many not yet even imagined. 
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Appendix A 

Personnel of the Winchell Survey 

1872-1900 

Reference in 
Personnel Dates Annual Reports 

Newton H. vVinchell, Director 
Arthur, J. C., Botanist ...... 
Ayres, H. B., Field Geologist 

1872-1900 I-XXIV 
1885-1888 XV 
1893 XXII 

Bailey, L. W., Botanist 
Barton, E. R., Assistant .............................. .. 
Bayley, W. S., Assistant Geologist 
Berkey, C. P., Assistant Geologist 
Carel, H. c., Assistant 
Chatfield, C. E., Field Assistant 
Chester, A. H., Consultant 
Clarke, J. M., Paleontologist 
Culver, G. E., Field Geologist 
Dodge, J. A., Chemist. 
Elftman, A. H., Assistant Geologist 
Fairbanks, H. W., Field Assi&tant 
Ford, S. W., Draftsman ................................ . 
Furber, P. P., Field Assistant ....................... .. 
Garrison, O. E., Field Assistant 
Grant, U. S., Field Geologist 
Hall, C. W., Assistant Geologist 

Geologist 

1886 
1893 
1890 
1893 
1893 
1873 
1882 
1894 
1893 
1881 
1893-1897 
1887 
1887 
1873 
1880 
1885-1888 
1878-1880 
1895 
1875 

Halvorsen, Oscar, Assistant 
Harrington, M. W., Assistant 
Hatch, P. L., Ornithologist 
Herrick, C. L., Zoologist 
Holway, E. W. D., Botanist 
Hovland, H. B., Assistant 
Jones, A. W., Field Assistant. 

...... 1876 

J uni, Benjamin, Botanist ................................................. .. 
Lawson, A. C., Assistant Geologist 

1876-1885 
1886 
1893 
1886 
1878 
1891 

Lesquereux, Leo, Paleobotanist 1883-1886 
Leonard, W. E., Botanist 1875 
Meeds, A. D., Field Geologist . ................... 1888 
Oestlund, O. W., Entomologist 188.5-1888 
Ogaard, L. A., Draftsman . ... .............. 1893 
Peckham, S. F., Chemist ........................... 1873-1880 
Rose, P. B., Chemist ......... ................... . .... .......................... 1873 
Schuchert, Chas., Paleontologist ........... .. .... ......... 1891-1892 
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XV 
XXII 
XIX 
XXII 
XXII 
II 
XI 
XXIV 
XXII 
X 
XXII 
XVI 
XVI 
II 
IX 
XIV-XXIV 
VIII 
XXIV 
IV 
XVI 
IX, XII, XVII 
XV 
XXII 
XV 
VII 
VII 
XII, XVII 
IV 
XXII 
XIX, XVI 
XXII 
II 
II 
XX 



Personnel Dates 

Scofield, W. H., Paleontologist ...................................................... 1892 
Sperry, L. B., Geology Assistant ................................................ 1877 
Spurr, J. E., Assistant Geologist ................................................ 1893 
Stacy, F. N., Field Assistant ......................................................... 1886-1887 
Terry, E. M., Lab. Assistant ......................................................... 1879-1881 
Thomas, B. W., Paleontologist ................................................... 1886-1889 
Todd, J. E., Field Geologist ......................................................... 1893 
Trussel, W. F., Field Assistant ................................................... 1887 
Ulrich, E. 0., Paleontologist ......................................................... 1885-1892 
Upham, Warren, Assistant Geologist ....................................... 1879-1885 
Wadsworth, M. E., Assistant Geologist .............................. 1886 
Washburn, F. L., Ornithologist ................................................... 1885 
Wheeler, R. M., Assistant ............................................................... 1893 
White, H. E., Assistant ............................... :..................................... 1893 
Whitman, Allen, Entomologist ...................................................... 1876-1878 
Willard, W. D., Field Assistant ................................................... 1888 
Winchell, A., Assistant ........................................................................ 1886-1887 
Winchell, A. N., Assistant ............................................................... 1893 
Winchell, H. V., Field Geologist ................................................ 1881, 1885-

1898 
Woodward, Anthony, Paleontologist ....................................... 1886-1889 
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Annual Reports 

XIX, XXI 
VI 
XXII 
XV,XVI 
IX 
XIII 
XXII 
XVI 
XIV, XVI 
X, XIV, XXII 

XV 
XIV 
XXII 
XII 
V 
XVII 
XV,XVI 
XXII 

X-XVI 



Appendix B 

Publications of the Geological and Natural History Survey 

(Not available, but can be consulted in technical libraries. List does not include 11 
circulars and 10 bulletins that were issued; bulletins are listed in the Survey's cur
rent List of Publications.) 

I. Annual Reports 

The First Annual Report, for 1872. 112 p., 8 v.; with a colored map of the state. By 
N. H. vVinchell. Published in the Regents' Report of 1872; contains a sketch of 
the geology of the state, as then known, and a list of earlier reports. Second 
edition (1884) identical. 

The Second Annual Report, for 1873. 145 p., 8 v.; with illustrations. By N. H. Win
chell and S. F. Peckham. Published in the Regents' Report for 1873. Second edi
tion (1893) identical. 

The Third Annual Report, for 1874. 42 p., 8 v.; with two county maps. By N. H. 
Winchell. Published in the Regents' Report for 1874. Second edition (1894) 
identical. 

The Fourth Annual Report, for 1875. 162 p., 8 v.; with four county maps and a num
ber of other illustrations. By N. H. 'Winchell, assisted by M. W. Harrington. Also 
in the Regents' Report for 1875. 

The Fifth Annual Report, for 1876. 248 p., 8 v.; four colored maps and several other 
illustrations. By N. H. Winchell; with reports on Chemistry, by S. F. Peckham; 
Ornithology, by P. L. Hatch; Entomology, by Allen Whitman; and of Fungi, 
by A. E. Johnson. Also in the Regents' Report for 1876. 

The Sixth Annual Report, for 1877. 226 p., 8 v.; three geological maps and several 
other illustrations. By N. H. Winchell; with reports on Chemical analyses, by 
S. F. Peckham; on Ornithology, by P. L. Hatch; Entomology, by Allen Whitman; 
and on the Geology of Rice County, by L. B. Sperry. Also in the Regents' Report 
for 1877. 

The Seventh Annual Report, for 1878. 123 p., 8 v.; with twenty-one plates. By N. H. 
Winchell; with a field report, by C. W. Hall; Chemical analyses, by S. F. Peck
ham; Ornithology, by P. L. Hatch; a list of the plants of the north shore of 
Lake Superior, by B. Juni; and an Appendix by C. L. Herrick on the Microscopic 
Entomostraca of Minnesota; twenty-one plates. Also in the Regents' Report for 
1878. 

The Eighth Annual Report, for 1879. 183 p., 8 v.; one plate (Castoroides). By N. H. 
W'inchell. Containing a statement of the Methods of Microscopic Lithology, a 
discussion of the Cupriferous Series in l\1innesota, and descriptions of new ~pe
cies of Brachiopoda from the Trenton and Hudson River formation; with reports 
on the Geology of Central and vVestern Minnesota, by 'Varren Upham; on the 
Lake Superior region, bv C. \V. Hall; lists of birds and of plants from Lake 
Superior, by Thomas S. Roberts; Chemical Analyses, by S. F. Peckham: Report 
bv P. L. Hatch; and four Appendixes. Also in the Regents' Report for 1879 and 
1880. 

The Ninth Annual Report. for 1880. 392 P., 8 v.; three appendixes. two wood cut 
illustrations and six plates. By N. H. vVinchell. Containing field descrintions of 
442 crystalline rock samnles, and notes on their geological relations. from the 
northern part of the state, new Brachiopoda, the water supply of the Reel River 
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valley, and simple tests of the qualities of water; with reports; on the upper 
Mississippi region, by O. E. Garrison; on the Hydrology of Minnesota, by C. M. 
Terry; on the Glacial Drift and its terminal moraines, by Warren Upham; Chem
ical Analyses, by J. A. Dodge; a list of the birds of Minnesota, by P. L. Hatch; 
and of the winter birds, by Thomas S. Roberts. Also in the Regents' Report for 
1879 and 1880. 

The Tenth Annual Report, for 1881. 254 p., 8 v.; with ten wood cut illustrations and 
fifteen plates. By N. H. 'Vinchell. Containing field descriptions of about four 
hundred rock samples, and notes on their geological relations, continued from 
the last report; the Potsdam sandstone; typical thin sections of the rocks of the 
Cupriferous series; and the deep well at the "C" Washburn mill, Minneapolis; 
with geological notes, by J. H. Kloos; Chemical analyses, by J. A. Dodge; and 
papers on the Crustacea of the fresh waters of Minnesota, eleven plates, by 
C. L. Herrick. Also in the Regents' Report for 1881 and 1882. 

The Eleventh Annual Report, for 1882. 219 p., 8 v., with three wood cut illustrations 
and one plate. By N. H. Winchell. Containing a report on the Mineralogy of 
Minnesota, and a note on the age of the rocks of the Mesabi and Vermilion iron 
districts; with papers on the crystalline rocks of Minnesota, by A. Streng and 
J. H. Kloos; on rock outcrops in central Minnesota and on Lake Agassiz, by 
Warren Upham; on the iron region of northern Minnesota,by Albert H. Chester; 
Chemical analyses, by J. A. Dodge; and an appendix containing Minnesota laws 
relating to mines and mining, abstracted by C. L. Herrick. Also in the Regents' 
Report for 1881 and 1882. 

The Twelfth Annual Report, for 1883. Summary report, paleontological notes and a 
paper on the comparative strength of Minnesota and New England granites, 
twenty-six pages, by N. H. Winchell; final report on the Crustacea of Minnesota, 
included in the orders of Cladocera and Copepoda, 192 pages and 30 plates, by 
C. L. Herrick; and a catalogue of the Flora of Minnesota, 193 pages, with one 
map showing the forest distribution, by Warren Upham. Also in the Regents' 
Report for 1883 and 1884. 

The Thirteenth Annual Report, for 1884. 196 p. Geological reconnaissances, the Ver
milion iron ores, the crystalline rocks of Minnesota and of the Northwest, the 
Humboldt salt-well of Kittson County, records of various deep wells in the state, 
fossils of the red quartzyte at Pipestone, reports on the New Orleans Exposition 
and on the General Museum, by N. H. Winchell; Geology of Minnehaha County, 
Dakota, by Warren Upham; Chemical report, by Prof. J. A. Dodge; Minnesota 
geographical names derived from the Dakota language, by Prof. A. W. William
son; Insects injurious to the cabbage, by O. W. Oestlund; Geological notes in 
Blue Earth County, by Prof. A. F. Bechdolt and a fossil elephant from Stockton, 
by Prof. John Holzinger; papers on the Cretaceous fossils in the boulder clays in 
the Northwest, by George M. Dawson and by Woodward and Thomas; and notes 
on the Mammals of Big Stone Lake and vicinity, by C. L. Herrick. 

The Fourteenth Annual Report, for 1885. 354 p.; two plates of fossils and two wood 
cuts. By N. H. Winchell. Containing summary report, notes on some deep wells 
in Minnesota, descriptions of four new species of fossils, a supposed natural alloy 
of copper and silver from the north shore of Lake Superior, and revision of the 
stratigraphy of the Cambrian in Minnesota, with the following papers by as
sistants, viz: List of the Aphididae of Minnesota with descriptions of some new 
species, by O. ·W. Oestlund; Report on the Lower Silurian Bryozoa, with pre
liminary descriptions of some new species, by E. O. Ulrich; Conchological notes 
by U. S. Grant; Bibliography of the Foraminifera, recent and fossil, by Anthony 
Woodward. 

The Fifteentll Annual Report, for 1886. 493 p., 8 v.; 120 diagram illustrations and 
sketches in the text, and two colored maps; embracing reports on observations 
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on the crystalline rocks in the northeastern part of the State, by Alexander vVin
chell, N. H. Winchell, and H. V. Winchell; Chemical report by Prof. J. A. 
Dodge; additional railroad elevations by N. H. Winchell; list of Minnesota geo
graphical names derived from the Chippewa language, by Rev. J. A. Filfillan; 
and notes on Illaeni, describing three new species, by Aug. F. Foerste. Also as 
supplement II of the Regents' Report for 1887-1888. 

The Sixteenth Annual Report, for 1887. 504 p., 8 v.; two plates and 83 other illustra
tions. Contains reports on the original Huronian area, the Marquette iron region, 
on the Gogebic and Penokee iron-bearing rocks, on the formations of north
eastern Minnesota (including the physical aspects, vegetation, quadrupeds and 
'other vertebrates), the geology of the region northwest from Vermilion lake to 
Rainy lake and of the Little and Big Fork rivers; also notes on the Molluscan 
fauna of Minnesota. 

The Seventeenth Annual Report, for 1888. 280 p., 8 v.; ten text illustrations. Contains: 
Report of N. H. 'Winchell, the crystalline rocks of Minnesota, a general report 
of progress made in the study of their field relations, with a bibliography of 
recent works on the crystalline rocks; report of H. V. Winchell, field observa
tions in the iron regions; report of U. S. Grant, geological observations in north
eastern Minnesota. 

The Eighteenth Annual Report, for 1889. 234 p., 8 v. Report of further field opera
tions in the regions of the crystalline rocks of the state and in the area of the 
original Huronian, by N. H. Winchell; and a review of American opinion on the 
older rocks, by Alexander Winchell. 

The Nineteenth Annual Report, for 1890. 255 p., 8 v.; with illustrations. Translation 
of Boricky's elements of a new Chemico-microscopic method of analysis of rocks 
and minerals, and of Kloos' Geognostic and Geographical observations in Min
nesota in 1877, by N. H. Winchell; Chemical report by Prof. Dodge; the woods 
of Minnesota, by H. B. Ayers; Museum and library additions; List of meteorites 
in the museum; Petrography and geology of the Akeley lake region, W. S. Bay
ley; New Lower Silurian Lamellibranchiata, E. O. Ulrich. 

The Twentieth Annual Report, for 1891. 344 p., 8 v.; 12 plates and 33 text illustra
tions. Summary statement; The crystalline rocks-some preliminary considera
tions as to their structures and origin, by N. H. Winchell; Field notes in 1890, 
by N. H. Winchell; Additional rock samples to illustrate notes, by N. H. Win
chell; Field observations on certain granitic areas in northeastern Minnesota, by 
U. S. Grant; Catalogue of rock specimens, by U. S. Grant; The Mesabi iron 
range, by H. V. Winchell; Sketch of the coastal topography of the north side of 
Lake Superior, with special reference to the abandoned strands of Lake Warren 
(the greatest of the late Quaternary lakes of North America), by A. C. Lawson; 
Diatomaceae, of Minnesota Inter-Glacial peat, by B. W. Thomas, with list of 
species and some notes upon them, by H. L. Smith, and directions for the 
preparation and mounting of Diatomaceae, by C. Johnson and H. L. Smith; 
Oxide of manganese, by N. H. Winchell; Museum additions; Additions to the 
library. 

The Twenty-first Annual Report, for 1892. 171 p., 8 v.; two plates and 21 text illus
trations. Summary statement and comparative nomenclature, with a table of the 
Pre-Silurian rocks of Minnesota and their equivalents; The geology of Kekequa
bic Lake in northeastern Minnesota, with special reference to an augite soda
granite, by U. S. Grant; Catalogue of rock specimens, by U. S. Grant; Field ob
servations in 1892, by N. H. Winchell; Some problems of the Mesabi iron ore, 
by N. H. Winchell; Additional rock samples to illustrate report, by N. H. Win
chell; Additions to the library. 

34 



The Twenty-second Annual Report, for 1893. 210 p., 8 v.; 7 plates and 3 text illus
trations. Summary statement; Preliminary report of field work during 1893 in 
northeastern Minnesota, chiefly relating to the glacial drift, by Warren Upham; 
Preliminary report of field work during 1893 in northeastern Minnesota, by U. S. 
Grant; List of rock samples collected in 1893 by U. S. Grant; List of rock 
samples collected in 1893 by A. D. Meeds; Preliminary report of a reconnai~sance 
in northwestern Minnesota during 1893 by J. E. Todd; Notes on the geology of 
Itasca county, Minnesota, by G. E. Culver; Preliminary report of field work done 
in 1893, by J. E. Spurr; List of rock samples collected in 1893, by J. E. Spurr; 
Preliminary report of levelling party, by C. P. Berkey; Preliminary report of 
field work during 1893 in northeastern Minnesota, by A. H. Elftrnan; List of 
rock samples collected in 1893, by A. H. Elftman; Museum additions; Additions 
to the library since the report of 1892; The exhibit of the survey at the Colum
bian Exposition, by N. H. Winchell. 

The Twenty-third Annual Report, for 1894. 255 pages, three plates, map of Rainy 
lake gold region. Summary statement; The origin of the Archean Greenstones, 
N. H. Winchell; Preliminary report on the Rainy lake gold region, by H. V. 
Winchell and U. S. Grant; Topographical survey of Minnesota, W. R. Hoag; 
Historical sketch of the discovery of mineral deposits in the Lake Superior re
gion, H. V. Winchell; Late glacial or Champlain submergence and re-elevation 
of the St. Lawrence river basin, Warren Upham; Notes on Minnesota minerals, 
Chas. P. Berkey; Chemical analyses, Profs. Dodge and Sidener, and Messrs. A. 
D. Meeds and A. J. Hammond, reported by Prof. G. B. Frankforter; The progress 
of mining, N. H. Winchell; The compressive strength of some Minnesota brick 
and building stones; List of rock samples collected in 1894, by U. S. Grant; 
Notes upon the bedded and banded structures of the gabbro, and upon an area 
of trocholyte, A. H. Elftrnan; Additions to the Library and to the Museum; List 
of samples collected in 1894, N. H. Winchell. 

The Twenty-fourth (and final) Annual Report, for the Years 1895, 1896, 1897 and 
1898. Pages xxviii and 288. Summary statement; Rock samples collected to 
illustrate the notes of N. H. Winchell in 1896, with annotations; Rock samples 
collected in 1897 to illustrate the notes of N. H. Winchell, with annotations; 
Rock samples collected by N. H. Winchell in 1898, with field annotations; Rec
ord of geological field-work in northeastern Minnesota, 1892 to 1898, by U. S. 
Grant. List of rock samples collected in northeastern Minnesota in 1898 by 
U. S. Grant; Preliminary report of field-work during the summer of 1895, A. H. 
Elftrnan; List of rock samples collected in northeastern Minnesota in 1895, 1896 
and 1897, by A. H. Elftrnan, prepared by U. S. Grant; Additions to the library. 
General Index of the Annual Reports of the Minnesota Survey. (Reports I-XXIV) 
1872-1899. 

II. Final Report 

The Geology of Minnesota. V. 1 of the Final Report. 1872-1882, xiv and 697 p., 
quarto; illustrated by forty-three plates and fifty-three figures. By N. H. Win
chell; assisted by Warren Upham. Containing: a historical sketch of explorations 
and surveys in Minnesota; the general physical features of the state; the build
ing stones; and the Geology of Houston, Winona, Fillmore, Mower, Freeborn, 
Pipestone, Rock and Rice counties, by N. H. Winchell; the Geology of Olmsted, 
Dodge and Steele counties by M. W. Harrington; and the Geology of Waseca, 
Blue Earth, Faribault, Watonwan, Martin, Cottonwood, Jackson, Murray, 
Nobles, Brown, Redwood, Yellow Medicine, Lyon, Lincoln, Big Stone, Lac qui 
Parle and Le Sueur counties by \Varren Upham. 

The Geology of Minnesota. V. 2 of the Final Report. 1882-1885, xxiv and 695 p., 
quarto; illustrated by forty-two plates and thirty-two figures. By N. H. Winchell, 
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assisted by Warren Upham. Containing chapters on the Geology of Wabasha, 
Goodhue, Dakota, Hennepin, Ramsey and \Vashington counties, by N. H. Win
chell; and on Carver, Scott, Sibley, Nicollet, McLeod, Renville, Swift, Chippewa, 
Kandiyohi, Meeker, vVright, Chisago, Isanti, Anoka, Benton, Sherburne, Stearns, 
Douglas, Pope, Grant, Stevens, \Vilkin, Traverse, Otter Tail, Wadena, Todd, 
Crow vYing, r.,'Iorrison, Mille Lacs, Kanabec, Pine, Becker and Clay counties, by 
Warren Upham. 

The Paleontology of Minnesota. V. 3, Part I, of the Final Report. 1885-1892. 
!xxv and 474 p., 40 plates of fossils; Historical sketch of investigation of the 
Lower Silurian in the upper Mississippi valley. N. H. Winchell and E. O. Ulrich; 
Cretaceous fossil plants in Minnesota, Leo Lesquereux, The microscopical fauna 
of the Cretaceous in Minnesota, with additions from Nebraska and Illinois, 
A. vVoodward and B. VV. Thomas. Note on other Cretaceous fossils in Minnesota, 
N. H. Winchell; Sponges, graptolites and corals from the Lower Silurian in 
Minnesota, N. H. Winchell and Charles Schuchert; On Lower Silurian Bryozoa 
of Minnesota, E. O. Ulrich; The Lower Silurian brachiopoda of Minnesota, N. 
H. Winchell and Charles Schuchert. 

The Paleontology of Minnesota. V. 3, Part II, of the Final Report. 1892-1896. 
lxxxiii to cxxix and 47.5 to 1081 p., plates 35 to 82. The Lower Silurian deposits 
of the Upper Mississippi province; a correlation of the strata with those of the 
Cincinnati, Tennessee, New York and Canadian provinces, and the stratigraphic 
and geographic distribution of the fossils, N. H. Winchell and E. O. Ulrich; The 
Lower Silurian Lamellibranchiata of Minnesota, E. O. Ulrich; The Lower Silur
ian Ostracoda of Minnesota, E. O. Ulrich; The Lower Silurian Trilobites of Min
nesota, John M. Clarke; The Lower Silurian Cephalopoda of Minnesota, E. O. 
Ulrich and W. H. Scofield. 

The Geology of Minnesota, V. 4 of the Final Report, 1896-1898, xx and 354 p.; 34 
geological plates, .56 other plates and 115 figures. By N. H. Winchell, assisted 
by U. S. Grant, James E. Todd, Warren Upham and H. V. Winchell; with de
scriptive chapters on Carlton, St. Louis and Lake counties and on the Hibbing, 
Mountain Iron, Virginia, Partridge River, Dunka River, Pigeon Point, Vermilion 
Lake, Carlton and Duluth plates, by N. H. Winchell; On Aitkin, Cass and a part 
of Crow Wing counties, by vVarren Upham; On Hubbard, a part of Cass, Nor
man and Polk, Marshall, Roseau and Kittson, and on Beltrami counties by J. E. 
Todd; On Itasca and Cook counties and on the Pokegama Lake, Grand Rapids, 
Swan Lake, Gabbro Lake, Snowbank Lake, Fraser Lake, Akeley Lake, Gunflint 
Lake, Rose Lake and Mountain Lake plates, by U. S. Grant; and on Minnesota 
Iron mining economically and statistically considered, by H. V. Winchell. 

The Geology of Minnesota, V. 5 of the Final Report, 1898-1900, xxvii and 1027 p.; 
6 plates of rocks and thin sections and 56 figures. Structural geology, by N. H. 
vVinchell; Petrographic geology of crystalline rocks of Minnesota, by N. H. Win
chell and U. S. Grant; Mineralogy and petrology of Minnesota, by N. H. Win
chell; The structure of the Keweenawan, by N. H. Winchell; Additional rock 
descriptions, by N. H. Winchell. 

The Geology of Minnesota, V. 6 of the Final Report, 1900-1901, 88 map plates. By 
N. H. Winchell, assisted by Warren Upham, U. S. Grant, J. E. Todd, and M. W. 
Harrington; Geological map of the State, 1900 by N. H. Winchell; Descriptive 
chapters on Historical and Geographical Chart (1884); Part of Franquelin's Map 
of North America (1688), Boundary Route West from Lake Superior (1737), 
Buache's Carte Physique (1754), Hennepin's Map of New France (1683), and 
Nicollet's Map of New France (1842), N. H. Winchell; Maps with descriptive 
chapters on Carlton, Dakota, Fillmore, Freeborn, Goodhue, Hennepin, Houston, 
Lake, Mower, Pipestone and Rock, Ramsey, Rice, vVabasha, Winona counties, 
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on the Dunka River, Hibbing, Mountain Iron, Partridge River, and Virginia 
plates of the Mesabi iron range, and on the Carlton, Duluth, Pigeon Point and 
Vermilion Lake plates by N. H. Winchell; On Aitkin, Becker, Benton and Sher
burne, Big Stone and Lac qui Parle, Blue Earth, Brown and Redwood, Carver 
and Scott, Cass and part of Crow Wing, Chisago, Isanti and Anoka, Clay, Cot
tonwood and Jackson, Crow Wing and Morrison, Douglas and Pope, Faribault, 
Grant and Stevens, Kandiyohi and Meeker, LeSueur, Mille Lacs and Kanabec, 
McLeod, Murray and Nobles, Otter Tail, Pine, Renville, Sibley and Nicollet, 
Steams, Swift and Chippewa, Wadena and Todd, Watonwan and Martin, 
Wright, Yellow Medicine, Lyon and Lincoln counties by Warren Upham; On 
Cook and Itasca counties, and on Akeley Lake, Fraser Lake, Gabbro Lake, Grand 
Rapids, Gunflint Lake, Pokegama Lake, Snowbank Lake and Swan Lake plates 
of Mesabi iron range, by U. S. Grant; On Beltrami, Hubbard and Northwest 
Cass, Kittson, Roseau and Marshall, Polk and Norman counties by J. E. Todd; 
and Dodge, Olmsted and Steele counties by M. W. Harrington. 
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Appendix C 

Survey Budgets, 1911-1964 

Year 

1911-12 ....................................................................................... . 
1912-13 ........ .................................................................. . 
1913-14 ..... . 
1914-15 ..................... . 
1915-17' ......... . 
1917-19 .... . 
1919-21 ..................................................................................... . 
1921-23 . 
1923-25 ... 
1925-27 ............... . 
1927-:28 ......... . 
1928-30 
1930-32 . 
1932-34 ....................................................... . 
1934-36 
1936-38 
1938-40 ... 
1940-41 
1941-42 ............................ . 
1942-43 
1943·44 
1944-45 
1945-46 
1946-47 .. 
1947-48 ..... 
1948-49 
1949-50 
1950-51 
1951-52 . 
1952-53 .. . 
19.53-54 ........................................ . 
1954-55 .. 
195.5-56 ....... 
1956-57 
1957-58 
1958-59 ................................................. . 

Amount 
(in dollars) 

$ 6,500 
6,500 
6,500 
6,500 

16,500 
16,500 
16,500 
16,500 
16,000 
16,000 
8,000 

16,000 
16,000 
12,500 
12,000 
14,000 
14,000 
8,470 
8,470 
7,970 
7,970 
7,760 
7,760 
8,630 

19,725 
19,725 
19,975 
19,975 
20,333 
18,733 
18,873 
18,773 
20,000 
20,000 
22,000 
23,000 

1 From 1915 to 1940. budgets are for 2-year pedods except for 1927-28. 
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Director 

W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
VV. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
VV. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
W. H. Emmons 
F. F. Grout 
F. F. Grout 
G. M. Schwartz 
G. M. Schwartz 
C. M. Schwartz 
C. M. Schwartz 
C. M. Schwartz 
G. M. Schwartz 
C. M. Schwartz 
C. M. Schwartz 
G. M. Schwartz 
C. M. Schwartz 
G. M. Schwartz 
C. M. Schwartz 
G. M. Schwartz 



Year 

1959-60 ....................................................................................... . 
1960-61 ......................................................................................... . 
1961-622 ...................................................................................... . 
1962-63 ......................................................................................... . 
1963-64 ........................................................................................ . 

Amount 
(in dollars) 

$ 22,860 
22,860 
66,049 
64,284 

103,502 

Total ................................................................................................ $794,197 

Director 

G. M. Schwartz 
G. M. Schwartz 
P. K. Sims 
P. K. Sims 
P. K. Sims 

2 For the years 1961-62 through 1963-64 budgets include miscellaneous income. The year 
1963-64 includes two items totaling $20,750 for publication purposes. 
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