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The Minnesota Geological Survey has the responsibility for conducting 
investigations of the geology of Minnesota for the. benefit of the citizens 
and industries of the State. It carries out this responsibility by geologic 
mapping of the rock strata, by research on the occurrence, quality, and 
usefulness of mineral resources, and by publication of the results. 

A list of publications of the Minnesota Geological Survey is available 
upon request. Book reports include a bulletin series, special publication 
series, reports of investigations, educational series, information circulars, 
summary reports, reprint series, and miscellaneous reports. Maps include 
a State geologic map atlas, geologic map series, miscellaneous map series, 
and other maps and charts. 

The Survey welcomes inquiries concerning any aspect of the geology 
of the State. Inquiries by mail should be addressed to: 

Paul K. Sims, Director 
Minnesota Geological Survey 
University of Minnesota 
Minneapolis, Minnesota 55455 

The Survey offices are located in Pillsbury Hall, Minneapolis campus. 
Phones 373-3372, 373-4986. 
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SUMMAR Y OF ACTIVITIES 

The increasing importance of the Minnesota 
Geological Survey to the State is indicated by the 
growth of its investigations and research programs 
and its public service activities. More than ever 
before, geologic knowledge is being used by in
dustry, government, and the public in land-use 
problems and planning activities as well as in the 
more traditional areas of mineral and water re
sources. Recognizing the expanded use of geology 
and the urgent need to enhance the mineral econ
omy of the State, the 1967 State Legislature again 
increased appropriations to the Survey. The in
crease in funds will provide a modest acceleration 
of current programs and enable the Survey to more 
effectively meet the needs of the State. 

The Survey programs have three principal 
objectives: 

(1) The discovery and appraisal of mineral re
sources within the State, to aid in maintaining the 
supply of raw materials for existing mineral in
industry and to encourage development of new or 
potential resources by new industry. 

(2) To provide the geologic background needed 
for high way construction, urban development, and 
land-use planning. 

(3) To develop the educational a.spects of the 
geology of the State, for use in public education 
and recreation. 

In the past year, substantial progress was made 
in all three areas. A major effort was directed 
toward assisting in establishing a copper-nickel 
industry in the State. Data obtained by the Minne
sota Geological Survey considerably aided the 
Minnesota Department of Conservation in determin
ing those State lands that were put up for leasing 
in the latter part of 1966; and publication of a 
geologic map of a critical area (Gabbro Lake quad
rangle) for copper-nickel exploration aided indus
try in selecting potential "target areas!' A com
prehensi ve knowledge of the geology is essential 
to the successful development of copper and nickel 
in northeastern Minnesota, and both the State Sur
vey and private industry have separate, distinct 
roles in developing this knowledge. Industry needs 
detailed geologic maps of the type made by the 
Sur v e y to guide their own investigations. The 
availability of such maps enables industry to use 
their exploration dollars more effectively. 
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Another of the State's mineral resources -
clay - has been investigated since 1963 because 
it appeared promising to support an expanded 
clay industry in the State. The mapping and re
search done by the Survey indicate that the clays 
can be developed much beyond their present level. 
An assessment of the potential of the clays is 
given herein together with a summation of the 
geology of the principal deposits. 

Progress toward the second objective- more 
effective use of the land - has been made pri
marily by completing new geologic mapping. Of par
ticular importance is the progress being made 
toward completing a new State Geologic Map. By 
the end of the current year, both the New Ulm and 
the Hibbing sheets will be finished. 

In the area of public education, "Minnesota's 
Rocks and Waters," issued by the University of 
Minne sota Press as Minnesota Geological Survey 
Bulletin 37, and "Guide to Fossil Collecting in 
Minne sota," published as Educ ational Series 
Pamphlet 1, were reprinted. A new educational 
booklet, "Guide to Caves of Minnesota" was 
published as Educational Series Pam phi e t 4. 
More than 14,000 copies of "Minnesota's Rocks 
and Waters" have been sold. Sales are primarily 
to the general reader but also to schools for use 
as a textbook. 

Requests for information from private individ
uals, industry, and governmental units continue to 
increase as the scope of the Survey's activities 
are broadened. In particular, consultations with 
base metal-mining comp anies increased sharply 
as a result of the high level of activity in leasing 
and exploration for copper and nickel. 

Two geologic reports were published during 
the year. Several other manuscripts were com
pleted but were not published because of inade
quate publication funds. 

The increase in funds appropriated to the 
Survey for the forthcoming biennium will provide 
modest boosts in (1) the state-wide geologic map
ping program and (2) geologic mapping and research 
needed to aid in developing copper and nickel in 
northeastern Minnesota. Funds were not provided 
by the Legislature to meet the need for intensive 
studies of the geology and ground-water supply in 
the Minneapolis-St. Paul metropolitan area. 



BUDGET 

The Survey program is financed primarily by 
direct appropriations of the Minnesota State Legis
lature. Additional support is provided by Univer
sity Support funds and by grants. The total monies 
available during fiscal year 1966-67 are listed 
below: 

$ 60,357-State Legislative Special ap
propriation 

34,731-University Support funds 
50,000-N atural Resources Fund ap

propriation 
7,000-State Paleontology program 

(N atural Resources Fund) 
5,000-Grant from Regents Reserve 
4,300-NSF grant (E.C. Perry, Jr.) 
3,000-Water Resources Planning 
4,000-Mesabi Range deep d rill in g 

project 
$168,388-Total 

The budget for fiscal year 1967-68 follows: 
80,000-State Legislative Special ap

propriation 
37,400-University Support funds 
70,000-Natural Resources Fund ap

priation 
20.450-Grants (estimated) 

$207,850-Total 

STAFF NOTES 

George S. Aus tin was appointed to the Survey 
staff on July 1, 1967, as geologist in charge of 
subsurface stratigraphy. Previously, he was em
ployed by the Survey during summer field seasons, 
and was an Instructor in geology at the College of 
SL Thomas during the academic year. Austin will 
continue reconnaissance geologic mapping in the 
New Ulm 1:250,000-scale sheet on a part-time 
basis. 

R. C. Bright completed a two-year assignment 
as State Paleontologist at the end of the fiscal 
year, when an appropriation from the Natural Re
sources Fund was suspended. He has been ap
pointed Assistant Professor in the Department of 
Geology and Geophysics. 

James A. Grant continued research on the 
geology and geochronology of the Precambrian 
rocks in the Minnesota River valley. The project 
is financed in part by the National Science Foun
dation. 

R. K. Hogberg was named during the year as 
representative of the Minnesota Geological Survey 
to serve on the Water Resources Coordinating 
Committee, organized under the State Planning 
Agency to develop a State water and land-use plan. 
During the year, he continued investigations of 
the sand and gravel resources within the Minne
apolis 15-minute quadrangle. In April, he attended 
the Industrial Mineral Forum on non-metallic mlri
erals at the University of Kansas. 
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Rodney J. [kola continued gravity investiga
tions in the State. He completed gravity measure
ments in the Hibbing 1:250,000-scale sheet at a 
two-mile spacing and began surveys in the Two 
Harbors 1:250,000-scale sheet. With the cooper
ation of Army Map Service, he established 42 new 
gravity base stations and obtained precise gravity 
measurements at previously established stations 
in the State gravi ty network, us ing a LaCoste-Rom
berg gravimeter. In March, he attended the Pros
pectors and Developers Convention in Toronto, 
Canada. 

G. B. Morey continued geologic mapping in the 
Hibbing 1:250,000-scale sheet and studies of the 
so-called red clastics in the State. In late winter he 
began an assignment on the Mesabi range deep 
drilling project, to carry out the geologic aspects 
of the proj ecL During the year he received an un
restricted NSF grant from the Graduate School for 
work on the "Red Cl astic Serie s." 

W. E. Parham completed investigations of the 
kaolin clay deposits of the Minnesota River valley 
and is preparing a final report. Studies of the clay 
mineralogy of the Decorah Shale are nearly com
pleted. During the year, he received grants from 
the Graduate School and the Office of International 
Programs to study the formation of claY-lIlinerals 
in the tropical weathering of granitic rock s in 
Hong Kong. This research will aid in determining 
the weathering processes that took place during 
Mesozoic time in southwestern Minnesota. 



Eugene C. Perry was appointed as Assistant 
Professor in the Minnesota Geological Survey on 
September 16, 1966. Effective March 1, 1967, he 
received another grant from the National Science 
Foundation for a duration of two years to continue 
oxygen isotope fractiona tion studies. A major em
phasis in the research is being placed on the Bi
wabik Iron-formation. 

In addition to his administrative duties, P. K. 
Sims continued geologic mapping in the Vermilion 
district, as part of the state-wide geologic map
ping program. He continued as coordinator of the 
Federal-State cooperative topographic mapping 
program, and served on the Advisory Committee 
of the University of Minnesota's Water Resources 
Research Center for the second consecutive year. 
Also, he continued to serve as Councilor, Society 
of Economic Geologist, and during the year was 
appointed Chairman of SEG's Publications Com-

mittee. During the year he was advisor to two 
Ph.D. candidates. 

J. E. Stone resigned, effective June 15, 1967, 
to accept a position as Head of the Department of 
Geology at Oklahoma State University. He ex
pects to continue investigations of the engineer
ing geology of the Twin Cities area during summers 
in future years. 

Sarah P. Tufford resigned, effective February 
20, 1967, to accept a position as geologist with 
the Division of Waters, Minnesota Department of 
Conservation. 

D. M. Davidson, Jr., J. C. Green, and R. W. 
Ojakangas of the Department of Geology, Univer
sity of Minnesota, Duluth have accepted part-time 
appointments in the Minnesota Geological Survey. 
In addition to summer field work, each will devote 
one quarter during the academic year to carry out 
research on Survey projects. 

Lectures and Public Addresses 

W. E. Parham -
Clay mineral s of Minnesota: 

Geology Society of Minnesota, January 

P. K. Sims 
Outlook for a copper-nickel industry in Min
nesota: 

Rotary Club of Duluth, February 
Dome Club, Minneapolis, March 
Duluth Builders Exchange, Virginia, April 
Geology Club, Minneapolis Campus, May 

Some applications of geology to engineering 
practice: 

Fifteenth Annual Conference Soil Mechanics 
and Foundation Engineering, 
Minneapolis, March 

Mineral resources of Minnesota: 
Resource Development Workshop for State 
Leaders, Agricultural Extension Service, 
St. Paul Campus, May 
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R. K. Hogberg -
Aggregates and urban growth Twin Cities area: 

Seminar on Geology and Urban Growth, Min
neapolis, October 

Copper-Nickel Exploration in Minnesota: 
Minneapolis Business Men's Association, 
February 

G. B. Morey-
Geology of Iron-formations: 

3M Prospectors Club, St. Paul, March 
Recent work of Minnesota Geological Survey 
in Vermilion district: 

Mesabi Range Geological Society, Chis
holm, March 

Geology of Mesabi range deep drilling project: 
Minnesota section AIME, Virginia, April 



1ESABI RANGE DEEP DRILLING PROJECT 

A deep drilling project intended to determine 
the fea ibility of mining taconite from the Middle 
Precambrian Biwabik Iron-formation at depths of 
about 1000 feet wa initiated during the pa t 
year. The study , spon ored by the Minnesota Iron 
Range Re ources and Rehabilitation Commi sion, 
is under the general direction of Professor E. P. 
Pfleider of the chool of Mineral and Metallurgical 
Engineering. 

The Minnesota Geological Survey has had the 
responsibility for determining the geology of the 
drill site and for supervising the drilling opera
tion . Four of the proj ected ten holes to be drilled 
along the length of the Mesabi iron range were 
completed by the first of June. The four holes, 
the locations of which are shown on the accom
panying map, have an aggregate length of 7,000 
feet. 
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The Survey plans to conduct comprehensive 
geologic and mineralogic studies of the drill 
cores . Such information not only is valuable for 
evaluating future underground mining possibilities, 
but also for gaining a better understanding of 
of the entire Middle Precambrian Animikie Group. 
For example, the lithology and stratigraphy of 
the Virginia Slate, which overlies the Biwabik 
Iron-formation, was virtually unknown prior to this 
proj ect; now some 3,500 feet of core of the Virginia 
is available for tudy. The study should lead to a 
better understanding of sedimentation during Middle 
Precambrian time, which in turn will lead to a 
better knowledge of the environment of deposition 
of the Biwabik Iron-formation and, perhaps, iron
formations in general. 
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STATE ON THRESHHOLD OF A COPPER-NICKEL INDUSTRY 

Sin c e the announcement a year ago that In
ternational Nickel Company <INCQ) had signed 
Federal mining leases in the Superior National 
Forest in northeastern Minnesota, marked progress 
has been made toward realization of a copper
nickel industry in Minnesota. A dozen major com
panies have started or plan to start exploration 
programs and the State has encouraged develop
ment by leasing state lands and by passing an 
equitable copper-nickel tax law. 

Shortly after Inco's announcement in June 1966, 
the State moved rapidly to establ ish rules and reg
ulations for the leasing of state lands within the 
area thought to be favorable for the occurrence of 
copper and nickel deposits. An initial hearing was 
held in July 1966, and the Rules and Regulations 
were approved by the State Executive Council in 
November. In late December, leases on 264 mining 
units totaling 86,600 acres were awarded to 11 
mining companies. The largest blocks of State 
leases were awarded to Phelps Dodge Corpora
tion, AMAX Exploration, Inc., Bear Creek Mining 
Company, United States Steel Corporation, Cleve
land-Cliffs Iron Company and Warren S. Moore, and 
Duval Corporation. Leases for smaller acreages 
were granted to Cleveland-Cliffs Iron Company, 
AMAX Exploration, Inc. and Warren S. Moore, 
International Nickel Company, New Jersey Zinc 
Company, and Newmont Exploration Ltd. 

To further encourage development of copper 
and nickel, the 1967 Minnesota State Legisla ture 
passed a copper-nickel tax bill that is compatible 
with the low grade of the ore-bearing materials. 
The bill imposes the state corporate income tax 
on profits of the mining and processing business, 
levies a one percent occupation tax on the value 
of the crude ore at the mouth of the mine, and ex
tracts a production tax of 21h cents per ton on all 

crude ore mined. The occupation tax is credited 
against the income tax. 

International Nickel Company has conducted 
round-the-clock development drilling and metallur
gical testing during the year to determine the eco
nomic feasibility of mining copper and nickel on 
their leases in the South Kawishiwi area. The 
company has awarded a contract to sink a 1090-
foot exploration shaft, having dimensions of 18 
feet x 7 feet, in section 5, township 62 north, 
range 11 west. It is anticipated that Inco will 
make a decision within the next several months 
as to whether or not to proceed with mining. 

The other mining comp anies holding Federal, 
State, or private ground in the area are carrying 
out aggressive exploration programs. Bear Creek 
Mining Company perhaps is most advanced in their 
program, for the company has been doing geologic 
work in the State intermittently for several years. 
It is unlikely, however, that any of the active 
companies could develop an ore body in less 
than 4 or 5 years even under the most favorable 
conditions. This is the normal minimum period 
needed to bring an ore body into production after 
the initial discovery. 

The State is on the threshhold of a copper
nickel industry, and events of the fo 11 0 win g 
months will determine if it is able to attract the 
large amounts of investment capital required to 
produce in volume the copper and nickel now in 
urgent demand. 

The Minnesota Geological Survey, as part of 
its responsibility to aid development of the State's 
mineral resources, will accelerate geologic map
ping, geophysical investigations, and research 
on the Duluth Gabbro Complex and the copper
nickel deposits during the next biennium. Empha
sis will be given to those studies that will be of 
particular value to stimulate mining. 

HIGHLIGHTS OF MINNESOTA'S MINERAL INDUSTRY - 1966 

(Furnished by Bureau of Mines, U. S. Department of Interior) 

In 1966 mineral production in Minnesota was 
valued at $550.4 million - an increase of 8.4 per
cent over that recorded in 1965. The increase was 
largely from a gain in iron ore shipments. Again, 
value of the iron ores comprised about 91 percent 
of the State's total mineral value. Taconite pellet 
shipments increased 2 percent to comprise 39 per
cent of the State's total iron ore shipments. 

Nonmetallic mineral production also increased 
over the previous year. Sales from sand and gravel 
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registered a 4 percent gain. Stone production, 
which includes both the dimension and crushed 
and broken categories, was up slightly at the 
year's end. Value of peat sold increased substan
tially. Increases over 1965 were reported in port
land cement, miscellaneous clay and shale, fire 
clay, and tube mill liners. Lime, masonry cement, 
and grinding pebbles registered lower level s of 
sales. 



Mine ra1 Production m Minne sota, 1965 and 1966 

1965 1966 
Mineral Quantity Value Quantity Value 

(thousands) (thousands j 

Clays J./. thousand short tons. 207 311 224 
Iron Ore (usable) thousand long tons, 

gross weight. 50,873 459,290 55,133 
Manganiferous Ore (5 to 35 percent Mn) 

short tons, gross weight. 280, 706 W 275,582 
Peat. short tons. 7, 346 123 11,366 
Sand and gravel. . thousand short tons. 37,545 27,296 39,33 1 
Stone. do. 4,371 11,680 4,901 
Value of items that cannot be disclosed: 

Abrasive stones, cement, fire clay, 
gem stones, lime, manganiferous ore , 
and values indicated by symbol W. XX 9,060 XX 

Total. .. XX 507,760 XX 

W Withheld to avoid disclosing individual company confidential data. 
J./ Excludes fire clay, value for which is included with "Value of items that cannot be disclosed. 
* Information f r om U, S. Bureau of Mines. 
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Mining companies continued to expand the 
taconite pellet capacity of their operations in 
1966; three new plants were under construction 
and two existing plants were being expanded. The 
new plants include U.S. Steel's \linnetac near 
\lountain Iron and Hanna Mining Company's Butler 
and National Steel pellet plants near Cooley and 
Keewatin, respectively. Reserve \lining Company 

UNIVERSITY OF MINNESOTA 
. 

seminar on 

GEOLOGY and 
URBAN GROWTH 
TWIN CITIES METROPOLITAN AREA 
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was expanding its Silver Bay pellet plant to an 
annual capacity of 10.7 million tons. Erie Mining 
Company was exp anding its production cap aci ty 
at the Hoyt Lakes plant to 10.3 million tons per 
year. The combined existing plants and facilities 
under construction will give the :VIinnesota's min
eral.industry an annual production capacity of 
about 32 million tons of taconite pellets in 1967. 

SPECIAL ACTIVITIES 

Seminar on Geology and Urban Growth Held. 

A seminar on "Geology and Urban Growth, 
Twin Cities Metropolitan Area" sponsored by the 
Minnesota Geological Survey with the cooperation 
of the Minnesota Section of the American Institute 
of Professional Geologists was held on Wednesday, 
October 19, 1966. The theme for the meeting was: 
Growing urban problems can be dealt with more 
efficiently if city planners and engineers have 
more information made available to them on foun
dation materials, resources, water, and earth proc
esses. 

Short talks were presented on the geologic set
ting of the Twin Cities, on foundation engineering, 
on site evaluation, on underground parking, on 
natural aggregates, and on geologic studies and 
research needed on ground-water. Those attending 
inc] ud ed architectural, city, indus trial, construc
tion, soils, and consulting engineers, planners, 
geologists, bankers, and news media. Discussions 
during the Seminar had the common theme - that 
the information now available from the Survey is 
of the type and quality needed, but the quantity 
of such data is inadequate to meet the present 
and future needs in the Twin Cities. 



Field Trip Guides for Earth Science Teachers 

During the past year the Geological Survey, 
supported by funds from the State Department of 
Education, compiled a series of field trip guides 
for ear t h sci en c e programs in the secondary 
school curricula. Professor W.C. Phinney of the 
Department of Geology and Geophysics was the 
coordinator and editor of the 250-page guide, which 
inc Iud e s 110 field stops. Each field stop is 
written so that the student having a minimal back
ground knowledge can observe the geologic rela
tionships at the outcrop or exposure and thus dis-

cover for himself the basic principles of geology. 
Each field trip encompasses a regional area within 
the State so that none of the earth science classes 
is more than 100 miles from a "regional field lab
oratory." The regional areas include the Twin 
Cities, Minnesota River Valley, Central Minne· 
sota - including the St. Cloud granite district, 
Mesabi Range, and northeastern, northwestern, 
southwestern, and southeastern areas . The field 
trip's guide will be distributed to all earth science 
teachers soon after July 15. 

Stop near Hew Ulm from Gu iJe to Geologic Fie/J 
Inve stigations in Minnesota. 
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PROJECTS 

Current Projects 

1. DULUTH GABBRO COMPLEX, Lake County ........................... Dr. W. C. Phinney 
(Geologic mapping of Forest Center 15-minute quadrangle 
begun this field season). 

2. GEOLOGY OF PRECAMBRIAN "RED CLASTICS", SOUTH-
EASTERN MINNESOTA ............................................. Dr. G. B. Morey 

(A stratigraphic and mineralogic study of a deep core recently 
drilled by Northern Natural Gas Co. in Rice County. Data will be 
integrated with previous information from scattered well cuttings). 

3. MINNESOTA'S CLAY MINERAL RESOURCES ......................... Dr. W. E. Parham 

4. SAND AND GRAVEL RESOURCES, MINNEAPOLIS 15-MINUTE 
QUADRANGLE ..................................................... R. K. Hogberg 

5. MINNESOTA'S INDUSTRIAL MINERAL RESOURCES ................... R. K. Hogberg 

6. COPPER-NICKEL MINERALIZATION IN DULUTH GABBRO 
COMPLEX, BABBITT NE QUADRANGLE, St. Louis County 

7. GEOLOGY AND GEOCHRONOLOGY OF PRECAMBRIAN 

Bill Bonnichsen 

ROCKS, Minnesota River Valley ...................................... Dr. J. A. Grant 

8. SEDIMENTOLOGY OF PRECAMBRIAN KNIFE LAKE FORMATION 
(Regional study of the stratigraphy and lithology). 

9. MINERALOGY OF THE BIWABIK IRON-FORMATION 

10. PETROLOGY AND TITANIFEROUS MAGNETITE DEPOSITS OF 
THE DULUTH GABBRO COMPLEX, SOUTH LAKE QUADRANGLE 

Dr. R. W. Ojakangas 

Dr. G. R. Rapp, Jr. 

AND ADJACENT AREAS, Cook County ....................... , ....... H. D. Nathan 
(Includes detailed geologic mapping of the Gabbro in the South Lake 
7 112-minute quadrangle). 

11. OXYGEN ISOTOPE FRACTIONATION STUDIES 
(Emphasizes studies of quartz and magnetite in Biwabik 
Iron-formation and Gunflint Iron-formation). 

12. GEOLOGIC MAPPING OF TOWER 7 112-MINUTE 

Dr. E. C. Perry, Jr. 

QUADRANGLE, St. Louis County ..................................... Dr. R. W. Ojakangas 
(Mapping completed; final field check this summer). and Dr. P. K. Sims 

13. GRAVITY INVESTIGATIONS IN MINNESOTA ......................... R. J. Ikola 
(A network of base stations has been established. Gravity 
coverage will be obtained for state as part of state geologic 
map proj ectl. 

14. GEOLOGY OF NORTH SHORE VOLCANIC GROUP .................... Dr. J. C. Green 
(A stratigraphic and petrologic study, in part financed by 
a grant from the National Science Foundation), 
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15. GEOLOGY OF PERENT LAKE AND ADJACENT QUAD-
RANGLES, DULUTH GABBRO COMPLEX, Lake and Cook counties ..... Dr. D. M. Davidson, Jr. 

(Emphasizes study of "red rock" and associated rocks in 
the upper part of the Duluth Gabbro Complex). 

16. GENERAL GEOLOGY OF THE VERMILION DISTRICT Dr. P. K. Sims, 
Dr. G. B. Morey, AND ADJACENT AREAS .......................................... . 

(A geological and geophysical investigation of 
a 2,000 square mile area lying north of the 
Mesabi range). 

Dr. R. W. Ojakangas, 
R. J. Ikola, and 
W. L. Griffin 

17. ENGINEERING AND GLACIAL GEOLOGY OF 

18. 

MINNEAPOLIS-ST. PAUL AREA ..................................... Dr. J. E. Stone 
<Recessed at end of fiscal year 1967. Plans are to 
continue work during summer field seasons). 

SURFICIAL GEOLOGY OF MONTEVIDEO SE QUADRANGLE 
(Mapping and study of glacial deposits, as a first step toward a 
comprehensive geomorphic investigation of the entire Minnesota 
River Valley). 

C. L. Matsch 

19. GEOCHRONOLOGY OF THE MINNESOTA-ONTARIO 
BORDER REGION.................................................. Dr. S. S. Goldich and 

(A long-range comprehensive investigation of the geology 
and geochronology of the Precambrian rocks. Largely 
supported by grants from the National Science Foundation). 

New Projects 

Dr. G. N. Hanson 

1. SUBSURFACE STRATIGRAPHY OF MINNESOTA ...................... G. S. Austin 
(An accelerated study of the subsurface stratigraphy of Minnesota's 
Paleozoic rocks, to provide data needed for hydrologic investigations). 

2. STRATIGRAPHY AND LITHOFACIES OF BIWABIK IRON-FORMATION .. Dr. G. B. Morey 
(To be carried out in conjunction with the University's program 
of deep drilling on the Mesabi range). 

3. PARAGENESIS AND COMPOSITIONS OF SULFIDE AND ASSOCIATED 
SILICATE MINERALS FROM MINERALIZED ZONE, DULUTH GABBRO 
COMPLEX ......................................................... Dr. P. W. Weiblen 

<Detailed studies, using the electron microprobe and other techniques, 
of the copper-and nickel-bearing mineral deposits in the Duluth Gabbro). 

4. GEOLOGICAL-GEOPHYSICAL INVESTIGATIONS, SOUTH HALF OF 
DULUTH GABBRO COMPLEX ....................................... Bill Bonnichsen and 

(Plans are to complete an aeromagnetic map and a Bouguer gravity R. J. Ikola 
anomaly map in fiscal year 1968 and to complete a reconnaissance 
geologic map in fiscal year 1969. Maps will be published at a scale 
of 1:125,000. The aeromagnetic map is being prepared in cooperation 
with the U. S. Geological Survey). 

5. GEOLOGY OF GRAND PORTAGE AND PIGEON POINT 
AREAS, Cook County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Dr. P. W. Weiblen 

(A reconnaissance investigation, to determine the structure and 
petrology of the "Logan sills" and the Rove Slate and to 
evaluate the potential for mineral deposits). 
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6. GEOLOGY A D METAMORPHI M OF THE G FLI T 
IRO -FORMATIO ....... . . . ...... . ... . .... . . . .. ... .... .. ... . ... .. . . Dr. G. B. Morey 

<Geologic mapping a part of a project being carried out 
in cooperation with the U. S. Geological urvey>. 

7 . REMOTE SE ING - EVAL ATIO OF RADAR IMAGERY 
OF MESABI RA GE A D ADJACE T AREAS ... ... ..... ... ......... , Alta Walker 

(Carried out in cooperation with the U. S. Geological Survey) . 

8. STRATIGRAPHY A D EDIME TOLOGY OF THE 
THOMSON FORMATIO .. . .. ... . . . . ........ ....... ..... .. . .. . . ..... . 

(Part of a continuing study of the sedimentation of 
Middle Precambrian rocks in northeastern Minne ota) . 

9 . GEOCHRO OLOGY OF MAFIC DIKE ROCKS, 

Dr. G. B . Morey , and 
Dr. R . W. Ojakangas 

ORTHER MI E OTA ... ... . . ... . .... .. .. ... ... . ..... . ... . . . .. . . Dr. G. . Hanson 
(A cooperative project with field geologists of the MGS; 
emphasis will be placed on dating of minerals>. 

P rojects Completed 

1. GRAVITY MAP OF MINNESOTA ...... .. .................... .. ...... Dr. J . C. Craddock 
(Map is being compiled for publication at a scale of 1:1,000,000>. 

2 . PETROLOGY AND METAMORPHISM OF PRECAMBRIA 
ROCKS, EMBARRASS-BABBITT AREA, St. Louis County .. . ..... . .. .. . . W. L. Griffin 

3 . STUDIES ON THE PLATTEVILLE FORMATIO IN 
MIN ESOTA, IOWA, A D WISCO SI ... . ...... . . . . .... . . . . . ... ..... , Ghassan Rassam 

Geo rge Austin and Gl en n Morey exam in ing o n e of the d rill 
coreS from the Mesabi range deep drilli ng pro ject 
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STATE GEOLOGIC MAP P ROJECT 

The intent of the state geological map project 
is to complete a new bedrock geologic map of the 
state at a scale of 1:250,000. The current state 
geologic map (scale 1:500,000) is inadequate for 
present needs. The new state map will consist of 
11 separate sheets, as shown on the index map. 
One sheet - t. Paul - has been published, and 
is available, fo 1 de d in an envelope, at a price 
of $2.00. 

The status of other map sheets now in prep
aration follows: 

Hibbing sheet: 
Project personnel: P . K. Sims, G. 8. Morey, 

R. W. Ojakangas 

96· 
49· r------.--_--..J 

94 · 

Roseau 

Progress: 90% completed 

ew Ulm sheet: 
Project personnel: G. S. Austin, J. A. Grant 
Progress: 60% completed 

Two Harbors sheet: 
Project personnel: J. C. Green , W. C. Phin

ney, Donald Davidson, 
Jr., H. D. Nathan, P. W. 
Weiblen 

Progress : 15% completed 

Bemidji 

47.~~ __ 

Brainerd Duluth 

St. Cloud Stillwater 

4'· 

Status of Sta te Geo log ic Mop At la s Pro iect 
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Published 
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PUBLICA nONS 1966-1967 

Book Reports 

Reports of Investigations* 
RI-6, 1967, Ground-water contribution to stream
flow and its relation to basin characteristics 
in Minnesota, by E. A. Ackroyd, W. C. Walton, 
and D. L. Hills (36 p.) .............. $0.50 

(A reconnaissance investigation that points 
up the relationship of streamflow to geology 
and other drainage basin characteristics. Con
tains numerous state maps useful to investiga
tions and planning for water resources). 

Educational Series* 
ES-1 (revised), 1967, Guide to fossil collect-

*Order from Minnesota Geological Survey. 

ing in Minnesota, by R. K. Hogberg, R. E. Sloan, 
and Sarah Tufford (38 p.) ............ $0.50 

(A revised edition of this popular booklet, 
written for the general reader. Includes draw
ings and photographs of common index fossils 
and an added appendix describing fossil-col
lecting localities). 
ES-4, 1967, Guide to Caves of Minnesota, by 
R.K.HogbergandT.N.Bayer(61p.) .. $0.50 

(An illustrated booklet describing the geo
logic setting, distribution, and origin of the 
caves; includes tour guides for the commercial 
caves). 

Manuscripts Submitted for Publication 

Bull. 45 Progressive contact metamorphism of the 
Biwabik Iron-formation, Me s a b i range, 
Minnesota, by Bevan French. 

SP-2 Geology and origin of the iron ore depo
sits of the Zenith mine, Vermilion dis
trict, Minnesota, by J. F. Machamer. 

Open-file Reports 

Bouguer gravity map of the we s t ern half of the 
Hibbing two-degree sheet (scale 1:125,000), by 
R. J. Ikola. 
(Copies available at 50¢ each) 

Publications by Staff in Scientific and Trade Journals 

Bright, R. C., 1966, Pollen and seed stratigraphy 
of Swan Lake, southeastern Idaho: its relation 
to regional vegetational history and to Lake 
Bonneville his tor y: Tebiwa, Ida. State Uni. 
Mus. Jour., v. 9, no. 2, p. 1-47. 

Parham, W. E., with Hosking, J. S. and White, 
W. A., 1966, Long-term dimensional changes in 
Illinois b ric k s and other clay products: Ill. 
State Geo1. Survey Circ. 405, 44 p. 

Parham, W. E., with White, W. A., 1967, Clay and 
shale resources of Clark, Crawford, Cumber
land, Edgar, Effingham, Jasper, and Vermilion 
counties, Illinois: Ill. State Geol. Survey In
dust. Mineral Note 29, 23 p. 
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Perry, E. C., Jr. and Bonnichsen, Bill, 1966, Oxy
gen isotope exchange between quartz and mag
netite from the metamorphosed Biwabik Iron
formation, Minn. (abs): Am. G eo p h y. Union 
Trans., v. 47, p. 212. 

Perry, E. C., Jr. and Bonnichsen, Bill, 1966, 
Quartz and magnetite: Oxygen-18-0xygen-16 
fractionation in metamorphosed Biwabik Iron
formation, Minnesota: Science, v. 153, no. 
375, p. 528-529. 

Sims, P. K., 1966, Exploration for copper-nickel 
resumes in Minnesota: Skillings Mining Review, 
v. 55, no. 40, p. 6-7, 20. 



Sims, P. K., 1967, Exploration for copper-nickel 
in northeastern Minnesota: Skillings Mining 
Review, v. 56, no. 8, 4 p. (also in Minn. Engi-
neer, v. 18, no. 2, p. 14-18), -

Sims, P. K., and Zietz, Isidore, 1967, Aeromag
netic and inferred Precambrian geologic map 
of east-central Minnesota and part of Wiscon
sin: U. S. Geol. Survey Geoph. Inv. Map 
GP-563. 

Other Publications on Minnesota Geology 

Bayer, T. N., 1967, Repetitive ben tho n i c com
munity in the Maquoketa Formation (Ordovician) 
of Minnesota: Jour. Paleontology, v. 41, p. 
417-422. 

Erickson, B. R., 1967, Paleontological evidence 
concerning some post glacial features of the 
Mississippi River valley: Scientific publica
tions of the St. Paul Science Museum, New 
Ser. v. 1, no. 2, 4 p. 

Goldich, S. S. and Gast, P. W., 1966, Effects of 
weathering on the Rb-Sr and K-Ar ages of 
biotite from the Morton gneiss, Minn.: Earth 
and Planetary Sci. Letters 1, p. 372-375. 

Gruner, J. W., 1966, T a c on i te s of the Mesabi 
range: Minerals Processing, v. 7, no. 11, 5 p. 

Megard, R. 0., 1967, Limnology, primary produc
tivity, and carbonate sedimentation of Minne
sota lakes: Limnological Res. Center, Uni. 
Minn., Interim Rept. 1, 69 p. 

Peterman, Zell, 1966, Rb-Sr dating of Middle Pre
cambrian metasedimentary rocks of Minnesota: 
Geol. Soc. America Bull., v. 77, p. 1031-1044. 

Stern, T. W., Goldich, S. S., and Newell, M. F., 
1966, Effects of weathering on the U-Pb ages 
of zircon from the Morton gneiss, Minn.: Earth 
Planetary Sci. Letters 1, p. 369-371. 

Swain, F. M., 1965, Geochemistry of some Qua
ternary lake sediments of North America, in 
The Quaternary of the Un i te d S ta te s, eds. 
H. E. Wright, Jr. and D. G. Frey. 

Swain, F. M., 1966, Stratigraphy and biochemical 
paleontology of Rossburg peat <Recent) north
central Minnesota, ~ Raymond C. Moore Com
memorative Volume, Essays in Stratigraphy 
and Paleontology, eds. Curt Teichert and 
E. L. Yochelson, p. 445-475. 

Watts, W. A. and Winter, T. C., 1966, Plant micro
fossils from Kirchner Marsh, Minnesota: Geol. 
Soc. Am. Bull., v. 77, p. 1339-1360. 

White, W. S., 1966, Geologic evidence for crustal 
structure in the western Lake Superior basill: 
Am. Geophys. Union Geophys. Mon. 10, p. 28-
41 (1967). 

PROGRAMS RELATED TO WATER RESOURCES 

Realizing a need to plan the long-range devel
opment of its water resources, the state of Min
nesota has established a Water Resources Co
ordinating Committee under the supervision and 
control of the State Planning Agency. A major 
responsibility of the Committee is to prepare a 
comprehensive State water and related land re
sources plan. The Minnesota Geological Survey 
is one of four members of the Coordinating Com
mittee on a Task Force charged with the respon
sibility of developing the plan. Chairman of the 
Committee is W.C. Walton, Water Resources Plan
ner. 

To meet its responsibilities, the Minnesota 
Geological Survey is reviewing the subsurface 
geology of the State, to catalog all available data 
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and to identify deficiencies of data. The work is 
supported by a Federal- State grant of $3800 for 
the current year. 

As a part of a program to identify needs and 
deficiencies in ground-water geology, the Survey 
during the year cooperated with the Minnesota 
Department of Conservation <Division of Waters), 
the U. S. Geological Survey, and others in pre
paring a report on "Ground-water resource inves
tigation and research needs in the Minneapolis-St. 
Paul area, Minnesota." The report was prepared by 
a Task Group of the Consulting Council of the 
Water Resources Research Center of the Univer
sity of Minnesota, and was published as Informa
tion Circular No. 76 of the Center. It is available 
free upon request from the Center. 



NOTEWORTHY RESULTS 
Clay Resources of Minnesota 

Currently, Minnesota ranks 32nd among the 48 
contiguous states in the United States in the use 
and production of clays. Eight clay-products com
panies are active in the State, but three import all 
their raw materials from other states . For the past 
several years the Minnesota Geological Survey has 
been cataloging and studying the mineralogy of 
the State's clay resources . The purpose of this 
research is to obtain basic geologic data and to 
provide individuals and industries with informa
tion that can be useful in developing Minnesota's 
varied clay resources. Summaries follow of the 
geology, clay mineralogy, and economic signifi
cance of those Minnesota clays investigated thus 
far. Data concerning the clays can be examined in 
open files in the Survey office. 

Minnesota ' s Kaolin Clays 
Tropical weathering during the latter part of 

the Mesozoic Era produced a thick kaolinitic re
golith in much of Minnesota, mainly from acidic 
Precambrian metamorphic and igneous rocks. Sub
sequently, Pleistocene erosion along the Minne
sota River in southwestern Minnesota has exposed 
portions of the weathered zone; outcrops of 
weathered residuum are visible along a 45-mile 
section of river bluffs between Granite Falls 

PHO T O A 
Pseudohex agonal kaol ini te 

(Corban sh adowe d) 
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and Fort Ridgley State P ark. A few additional 
exposures are present along the Mississippi River 
between St. Cloud and Little Falls, in the central 
part of the State. 

X-ray diffraction and electron m i c r 0 s cop e 
studies of the residual weathered products show 
that kaolinite having pseudohexagonal outlines (see 
photo A) and lesser amounts of tubular halloysite 
(see photo B), form the clay fraction in the least 
weathered parts of the residuum. Mafic rock types 
alter first to montmorillonite and under progressive 
weathering to kaolinite . 

Overlying the weathered kaolinitic residuum 
are two sequences of kaolinite-rich sediments . 
The first sequence has a maximum thickness of 
45 feet, is composed of varying proportions of 
kaolinite and quartz sand, and may contain traces 
of halloysite. Capping this sequence is a three-to
five -foot, iron-rich, kaolinitic, pisolitic clay that 
contains small amounts of gibbsite. The overlying, 
second sequence consists of Cretaceous organic
rich clays and shales, thin lignites, and at least 
one thin bentonite. In general this Cretaceous 
sequence becomes progressively richer in mont
morillonite and illite and poorer in kaolinite from 
the base upwards. 

PHO T O B 
Tubul a r halloysite 

(Carbon repl ica) 



Large quantities of kaolinite are consumed by 
the paper industries for coating and filler use. 
The present source of kaolin clay suitable for 
this purpose is the southern United States. Al
though none of Minnesota's kaolin clays are being 
mined presently for products other than bricks, 
exploratory drilling for paper-grade kaolins has 
been carried out in the vicinity of Redwood Falls 
and St. Cloud during the past four years. 

Clays of the Austin Area 
The clay deposits of the Austin area, which 

have been considered Cretaceous in age, occupy 
depressions on the erosion surface of the Devonian 
Cedar Valley Limestone and are overlain by Pleis
tocene glacial drift. Mineralogically the clay can 
be divided into two general units - a lower unit 
in which the clay fraction is composed of 50 - 75 
percent kaolinite and 25 - 50 percent illite and an 
upper unit composed of 100 percent illite. Both 
clay units vary greatly in thickness laterally, and 
locally are absent. The lower unit is generally 
reddish in color, has some mottling of green and 
white, and has a maximum observed thickness of 
35 feet. The upper cl ay unit generally is light tan 
or light gray and has a maximum observed thick
ness of 25 feet. In a recent University of Minne
sota Ph.D. thesis (1966) on the origin of the iron 
ores in the Fillmore County district, southern 
Minnesota, R. L. Bleifuss showed that the clays 
associated with the iron ores are primarily ill itic 
in composition and lack kaolinite. In contrast to 
previous views, he postulated that the iron ore 
deposits were formed during weathering under a 
temperate climate in Tertiary time rather than 
under tropical weathering during Cretaceous time. 
Possibly the clays of the Austin area represent 
sediments of both Cretaceous (the lower kaolinitic 
unit) and Tertiary age (the upper illitic unit). 

Because of their irregular occurrence through
out the Aus tin region and their vertical variabil ity 
in clay-mineral composition, it is probable that 
these clays do not represent deposits of substan-

tial economic significance at this time. Closely 
spaced drill cores would be necessary to outline 
and evaluate a particular deposit, and vertical 
mineralogical control would be necessary to main
tain quality control of the raw materials for an 
industrial use. However, these clays may be suit
able as a local source of art clay. 

Clays of the Decorah and Glenwood Formations 
The clay mineralogy of the shaly parts of the 

Ordovician Decorah and Glenwood Formations has 
been determined in order to establish mappable 
variations in the distribution of clay minerals. 
Such maps are useful for reconstructing paleo
geographic relationships and for determining the 
economic potential of the shales as raw materials 
for clay-products industries. The Glenwood and 
Decorah Formations crop out at several localities 
from Minneapolis southeast to the Iowa border. 
The Glenwood Formation is thin (maximum thick
ne ss of 16 feet), and is not considered of maj or 
economic importance at this time. The Decorah 
Formation, however, attains a thickness of 75 
feet at several places and serves as the raw ma
terial for one of Minnesota's brick producers. 

Both formations have a similar regional pattern 
of clay mineral distribution. The clay-mineral 
fraction of shales from the western extremities 
con tain approximately 50 percent kaolinite and 50 
percent illite, whereas those of both formations 
from the eastern part consists almost entirely of 
illite. The Decorah Formation, in addition, con
tains some chlorite, and generally becomes in
creasingly rich in illite upwards in the section. 
The clay mineral distribution in both formations 
suggests an original we stern source area for these 
sediments. 

The Decorah Formation is a potentially im
portant industrial mineral resource suitable for 
production of brick, tile, light-weight aggregate 
and other structural clay products. Illite-rich 
sections would be most suitable for an expanded 
aggregate product. 

Geology of the anCIent Precambrian rocks in the Minnesota River valley 

The oldest Precambrian rocks in the United 
States are in the Minnesota River valley. Because 
of their an ti qu ity and the uncertainty as to their 
relationship to the better known Precambrian 
sequence in northeastern Minnesota, these ancient 
rocks have been studied nearly continuously by. 
the Minnesota Geological Survey for the past 
several years. Following dating of the rocks by 
S. S. Goldich and his colleagues, first at the 
University of Minnesota and later at the U. S. 
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Geological Survey, critical areas have been re
mapped to provide more precise data than obtained 
previously in the fine geologic mapping by E. H. 
Lund (1956), The Granite Falls and Montevideo 
areas were mapped by G. R. Himmelberg in the 
early 1960' s. Subsequen tly, the area between 
Sacred Heart and Morton was mapped by J. A. 
Grant. In addition, Grant is now making a recon
naissance of the entire valley, to integrate all 
the available geologic knowledge. 



The rocks in the area between Montevideo and 
Morton, a distance of about 50 miles, are inter
preted as a plutonic complex, the northern part of 
which is metamorphosed to the granulite facies 
and the southern part to the amphibolite facies. 
Mos t of the rocks form a layered sequence, which 
is folded and intruded by granite. The dominant 
structure of the complex is similar thro~ghout, 
though more complicated in the south. 

The geologic mapping indicates that "pink 
granite" similar to that quarried near Sacred Heart 
is abundant, whereas the "gray granite" and, 
except at Morton, the "rainbow granite" (Morton 
Gneiss) do not underlie extensive areas. Also of 
interest is a 300-foot zone of potassium feldspar
rich pegmatite about two miles long near Sacred 
Heart. It is exposed in road cuts on State Highway 

273 about one-half mile south of the bridge. 
Discoveries of small amounts of the copper 

minerals malachite and digenite in the bedrock 
of Rice Creek at and downstream from the falls, 
about one mile north of Delhi, warrant further 
examination. The rocks at this locality are dom
inantly gneisses - amphibolite lenses in a gray 
layered biotite-quartz-plagioclase gneiss - that 
are cut by discordant pink quartz monzonite. The 
copper minerals have been found in the gray 
gneiss and the pink quartz monzonite and their 
weathered equivalents, but not in the amphibolite. 
Possibly the mineralization is related to a quartz 
monzonite dike system in the vicinity of Gold 
Mine Lake, which trends toward middle Rice 
Creek but is exposed only in the vicinity of the 
lake. 

REPRINT SERIES BEGUN 

A Reprint Series was established this year to 
facilitate the distribution of s h 0 r t pap e r s pub
lished outside the survey. The papers are free 
upon request. The current list follows: 

1. Exploration for copper-nickel resumes in Min
nesota, by P. K. Sims, (Reprinted from Skill
ings Mining Review, vol. 55, no. 40, 1966). 

2. The status of urban geology in the Minneapolis
St. Paul Area, by John E. Stone, (Reprinted 
from Ann. Conf. on Soil Mechanics and Foun
dation Engineering, Univ. of Minn., 1965). 

3. A gravity investigation of the Precambrian of 
southeastern Minnesota and western Wisconsin, 
by Campbell Craddock, E. C. Thiel and Barton 
Gross, (Reprinted from Jour. of Geophysical 
Research, ·v. 68, no. 21, 1963). 
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4. Magnetic anomalies and magnetization of the 
Biwabik Iron-formation, Mesabi area, Minne-

sota, by Gordon D. Bath, (R e p r i n ted from 
Geophysics, v. 27, no. 5, 1962l. 

5. An inexpensive ice-extrusion apparatus, by 
J. E. S ton e, (Reprinted from Jour. of Geol. 
Educ., v. 12, no. 4, 1964l. 

6. Lateral variations of clay mineral assemblages 
in modern and ancient sediments, by Walter E. 
Parham, (Reprinted from Proceed. of the Int. 
Clay Conf., v. 1, 1966l. 

7. Aggregates and urban growth, southwest part of 
Twin Cities, by R.K. Hogberg, (Reprint of talk 
given at seminar on Geology and Urban Growth, 
Twin Cities ~letropolitan Area, October, 1966l. 

8. Stratigraphy and biochemical paleontology of 
Rossburg peat (Recent); north-central Minne
sota, by F. ~1. Swain (Reprinted from Essays 
in Paleontology and Stratigraphy - Raymond 
C. Moore Commemorative V 0 lu me, Cniv. of 
Kansas, Dept. of Geology Spec. Pub. 2, 1967). 

TOPOGRAPHIC MAPPING PROGRAM 

Minnesota has 0 n e of the most progressive 
topographic mapping programs in the Nation. The 
program to complete topographic quadrangle map 
coverage of the State by 1975 - outlined in MORRC 
Report No.7 - is on schedule. The appropriation 
for the past biennium was $940,000, which was 
matched equally by Federal funds. The appro
priation by the 1967 S tat e Legislature for the 
forthcoming biennium is $I million, to be matched 
50-50 by Federal funds. 
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During the past biennium about 7,500 square 
miles (147 7 li2-minute quadrangles) of topo
graphic mapping was completed, and about 25,000 
square miles of new mapping was in progress. As 
of February 28, 1967, 118 quadrangle sheets -
equivalent to 5,900 square miles - had been pub
lished during the biennium. 

The status of the topographic mapping progralll 
as of May 31, 1967, is shown on the map on the 
opposite page. 



STATUS OF MAPPING 
71/2-MINUTE SERIES 

o Published map (class 1 and 2) 

4 - 6 Photo copy of map drawings available 

1- 3 In progress, photo copy not available 

1 5-MINUTE SERIES 

o Published map (class 1 and 2) 

o Published map, substandard 

quality (class 3 and~) 

o Publ ished planimetric map 
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WORK IN PROGRESS 

(Numbers indicate operations completed) 

CD Authorized 

o Aerial photography 

IT] Control 

llil Revision 

o Stereocompilation 

IT! Field completion 

[!] Map finishing 

Information on the status of work in progress may be obtained from the Central Region Engineer, 
U. S. Geological Survey, Box 133, Rolla, Missouri 65~Ol. 
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GEORGE MELVIN SCHWARTZ GEOLOGICAL SURVEY FUND 

Contributions to the George Melvin Schwartz 
Geological Survey Fund were made during the year 
by Theodore W. Bennett, Bruce Doe, and Samuel 
S. Goldich. The Fund is used primarily to aid the 
Survey's publication program and to increase the 
distribution of rna j 0 r reports - particularly to 
foreign countries. 

Tentati vely, the Sur v e y plans to prepare a 

volume on "The Geology of Minnesota," to be 
published on the occasion of the Survey's and'the 
Department's 100 t h anniversary in 1972. The 
volume will be dedicated to Dr. Schwartz. It 
would be a fitting tribute if publication could be 
supported entirely by the Fund. 

Contributions to the Fund are tax deductible. 

OTHER GEOLOGIC ACTIVITIES IN THE STATE 
Department of Conservation, State of Minnesota 

Division of Waters 

Collection of Basic Hydrologic Data: 
The collection of basic data under the coop

erative agreement with the U. S. Geological Survey 
included 61 stream gaging stations, 38 lake and 
stream stage stations, and 78 observation wells 
in which ground water levels are measured con
tinuously or periodically. Samples of water for 
chemical analysis are taken from 106 wells and 
from 38 lakes and streams. 

The Division of Waters 0 b t a ins periodic re
cords of the varying stages of about 46 lakes. 

Approximately 3000 well logs were received 
from well drillers or copied from their records. 
All appropriators of water, whether under permit 
or not, are now required by law to submit to the 
di vis ion certain information on the location and 
purpose of their appropriation, and to report an
nually the amount of water p urn p e d. All well 
records and pumping reports are now being pre
pared for electronic data processing. 
Permits: 

Applications for permits for work in the beds 
of public waters and for appropriation of water re
ceived during the year totalled 1317. This 
included an application by the Port Authority of 
St. Paul and the North Star Steel Company for ap
propriation of 48,900,000 gallon s annually of 
ground water for industrial cooling and other uses 
at the company's plant now under construction in 
St. Paul. 
Investigations and Studies: 

Routine surveys and investigations were made 
at 65 localities in connection with water manage
ment and law enforcement problems. Of special 
interest were investigations of Duck Lake, 

21 

Hennepin County, where lakeshore homes were 
being fl 0 0 de d; of Pomerleau Lake, Hennepin 
County, where local operations had lowered the 
lake level; of DeMontreville and Jane Lakes, 
Washington County, involving lake level control 
problems. 

Studies of sur fi cia 1 geology and bedrock 
geolo gy, correlated with available well records, 
topographic maps, and aerial photos, are being 
made in order to delineate and identify glacial 
drift aquifers. This work is in progress in Lyon 
County, in part of Big Stone County, and in the 
Cannon River watershed. 
Watershed Districts: 

The di vision has the responsibility for review
ing petitions for the establishment of watershed 
districts, and makes reports to the Water Re
sources Board on such petitions. During the year 
the Pelican River, Cormorant Lakes, and Minne
haha Creek Watershed Districts were established 
by the Board. 

State appropriations available to the Division 
of Waters for the fiscal year ending June 30, 1967 
were as follows: 

From General Revenue Fund: 
Salaries 
Supplies and Expense 
Hydrologic Studies 
Channel Improvement 

Minnesota River and tributaries 

From Natural Resources Fund: 
Hydrologic Studies and Research 
Red River Studies 

197,063 
15,370 
51,500 

20,000 
$283,933 

75,000 
35,000 

$110,000 



u.s. Geological Survey 

Water Resources Division 

Cooperative programs for water resources in
vestigations were continued by the U.S. Geological 
Survey, Water Resources Division with the Minne
sota Department of Conservation, Department of 
Highways, and Department ofIron Range Resources 
and Rehabilitation during the year ending June 30, 
1967. Some of the State matching funds were con
tributed by municipalities and iron mining com
panies. Funds t.otaling $229,100 from cooperating 
agencies were matched by Federal funds. Other 
programs were financed entirely by Federal funds 
from the U.S. Geological Survey and other Federal 
agencies. Total funds expended in the State by the 
Water Resources Division during 1967 totaled 
$580,915. 

Water data were collected at network stations 
throughout the State. Water levels and artisian 
pressures were measured continuously in 46 ob
servation wells and were measured at periodic 
intervals in 33 additional wells. In addition, 150 
wells in the Twin Cities area were measured 
annually and 75 of these were measured semian
nually. Observations of water levels were discon
tinued in 15 observation wells and 18 observation 
wells were added to the networks. 

Daily streamflow data were collected at 124 
sites and miscellaneous measurements of discharge 
made at about 70 sites. Stage records were col
lected at 46 lake and reservoir sites. In addition, 
annual peak discharge data in small drainage 
basins were determined at about 140 sites in a 
cooperative program with the Minnesota Highway 
Department. An open-file report, "Small-Stream 
Flood Investigations in Minnesota" was published 
during the year in connection with this program. 

The preparation of a flood report for the 1965 
Upper Mississippi River Flood was completed 
during the year. This report prepared by co
authors in the Minnesota and Iowa districts pre
sents detailed flood data at 333 sites in the five
state area of Minnesota, Iowa, Wisconsin, Illinois 
and Missouri. Also presented is a discussion of 
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the meteorological conditions causing the flood, 
a narrative report of flood conditions by basins, 
a tabulation of flood damages, and a discussion 
of drainage and storage effects. The flood report 
will be published as a U.S. Geological Survey 
Water-Supply Paper. 

The major part of the interpretive programs of 
the Survey was devoted to watershed studies. 
During fiscal ye ar 1967, the Pomme de Terre and 
Two Rivers watershed reports were published. The 
(HA-241) Roseau, (HA-269) Lac qui Parle, Chip
pewa, (HA-278) Mississippi Headwaters, Mustinka
Bois de Sioux, and Otter Tail watersheds were in 
press at the end of the fiscal year. Office compila
tion is underway on the Wild Rice, Red Lake, 
Yellow Medicine, Crow Wing, Buffalo, and Kettle 
watershed units. Field studies are currently under
way in the Snake, St. Croix, Cottonwood, Redwood, 
and Hawk Creek watershed units. 

The published watershed reports show availa
bility of surface and ground water and the approx
imate total water yield of the basin. In addition, 
all current studies show the thickness of the 
glacial drift and the altitude and configuration of 
the underlying bedrock. Records of approximately 
7,000 wells were collected during the fiscal year. 
In the Red River basin, approximately 7,000 feet 
of test holes were augered and an additional 4,000 
feet of test holes were augered in the Minnesota 
River basin during the fiscal year. Low flow in
vestigations were completed on the Yellow Medi
cine, Crow Wing, and Wild Rice Rivers. 

The Twin City metropolitan area study was 
completed in rough draft. Major modifications were 
made to the analog model to make it fi t known con
ditions of pumpage and water level decline. Maps 
of several schemes of development for the Twin 
Cities ground-water system were completed. Stud
ies made as part of a cooperative project with the 
Iron Range Commission resulted in completion of 
a study on the Grand Rapids area. 
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