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PREFACE 

This bibliography contains references to the geologic literature on the State of Minne
sota issued from 1981 through 1985, as well as omissions from the previous two bibliogra
phies of Minnesota geology: Bulletin 34 (published in 1951), with coverage through 1950; 
and Bulletin 46 (published in 1981), with coverage for 1951-1980. 

The references in the bibliography section cover most geologic topics but exclude those 
confined to the last 10,000 years, to surface hydrology, and to mining and metallurgy. Most 
unpublished maps and reports were excluded from this bibliography, because they are not 
readily available to users. Notable exceptions are theses and dissertations and open-file re
ports issued in established and accessible series, such as the U.S. Geological Survey's 
Open-File Report series. An effort was made in the bibliography section to preserve the 
spelling, capitalization, and punctuation of the original sources; usage in the index reflects 
current Minnesota Geological Survey style. 

The last bibliography, Bulletin 46, covered 30 years. Bulletin 47 covers only 5 years, 
but contains nearly 1,100 references, more than half the number in its predecessor. Much of 
this inflation may reflect the increased number of abstracts published in recent years. The 
next bibliography (for 1986-1990) will differentiate between abstracts and more substantive 
work. 

The index section, with a few minor changes, closely follows the design of the index in 
Bulletin 46. It has in one alphabetical listing topical (Ground Water; Petrology; Sedimenta
tion), geographic (Mesabi range; Lake County; Southwestern Minnesota), lithostrati
graphic (Duluth Complex; Lake Vermilion Formation), and chronostratigraphic (Paleozoic; 
Quaternary) indexing. Care was taken to index references to the closest applicable index 
classifications. For this reason, users of the index are encouraged to search flexibly, to check 
both broader and narrower index classifications. For example, someone wanting references 
for Aitkin County may also wish to search a narrower index classification- Cuyuna range, 
as well as the broader East-central Minnesota. The increased number of cross references in 
this index should help users with this type of search. 

Several of the Survey staff were especially helpful in the preparation of the index, and 
also reviewed the entries in their respective fields: M.l.P. Kuhns and S.l. Mills (economic 
geology and Duluth Complex); P.L. McSwiggen (petrology and uranium); H.e. Hobbs 
(glacial geology); and 0.1. Bergstrom (Paleozoic rocks and Sioux Quartzite). V. W. Chand
ler reviewed the geophysics entries; D.R. Setterholm, Cretaceous rocks; R.S. Lively, geo
chemistry and geochronology; and M.e. Hoyer, ATES. Linda McDonald typed and 
updated the bibliography through most of its existence. Denise Fletcher typed the index and 
inserted the typesetting codes. 1. F. Splettstoesser proofread the final typescript. Type was 
set from the word-processor disks, under the direction of Hazel White at the University of 
Minnesota Printing Department. 

The compilers hope that any errors or omissions discovered by users of the bibliogra
phy will be brought to our attention. 
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Aase, J.H. 

BIBLIOGRAPHY OF MINNESOTA GEOLOGY 
1981-1985 

I. 1982, The mineral industry of Minnesota, in Area reports: Domestic, v. 2 of Minerals yearbook, 
1980: U.S. Bureau of Mines, p. 275-289. 

2. 1983, The mineral industry of Minnesota, in Area reports: Domestic, v. 2 of Minerals yearbook, 
1981: U.S. Bureau of Mines, p. 267-279. 

3. 1984, The mineral industry of Minnesota, in Area reports: Domestic, v. 2 of Minerals yearbook, 
1982: U.S. Bureau of Mines, p. 283-295. 

4. 1985, The mineral industry of Minnesota, in Area reports: Domestic, v. 2 of Minerals yearbook, 
1983: U.S. Bureau of Mines, p. 293-304. 

5. (West, W.J.). 1981, The. mineral industry of Minnesota, in Area reports: Domestic, v. 2 of Min
erals yearbook, 1978-79: U.S. Bureau of Mines, p. 277-290. 

Adolphson, D.G. See also Ruhl, J.F., 2-3; Wolf, R.J., 2. 
I. 1983, Availability and chemical quality of water from surficial aquifers in southwest Minnesota: 

U.S. Geological Survey Water-Resources Investigations Report 83-4030, 37 p. 
2. (Ruhl, J .F.; Wolf, RJ .). 1981 [1982], Designation of principal water-supply aquifers in Minne

sota: U.S. Geological Survey Water-Resources Investigations 81-51,23 p. 

Aero Service Division Western Geophysical Company of America. 
I. 1981, Airborne gamma-ray spectrometer and magnetometer survey, Bemidji quadrangle, Minne

sota; final report: U.S. Department of Energy Open-File Report GJBX-331(81), 2 v. 
2. 1981, Airborne gamma-ray spectrometer and magnetometer survey, Brainerd quadrangle, Min

nesota; final report: U.S. Department of Energy Open-File Report GJBX-332(8 1),2 v. 
3. 1981, Airborne gamma-ray spectrometer and magnetometer survey, Duluth quadrangle, Minne

sota; final report: U.S. Department of Energy Open-File Report GJBX-330(8 1).2 v. 
4. 198 I . Airborne gamma-ray spectrometer and magnetometer survey, Hibbing quadrangle. Minne

sota; final report: U.S. Department of Energy Open-File Report GJBX-355(81), 2 v. 
5. 1981, Airborne gamma-ray spectrometer and magnetometer survey. International Falls quadran

gle. Minnesota; final report: U.S. Department of Energy Open-File Report GJBX-356(81), 2 
v. 

6. 1981, Airborne gamma-ray spectrometer and magnetometer survey. Kenora quadrangle. Minne
sota; final report: U.S. Department of Energy Open-File Report GJBX-328(81), 2 v. 

7. 1981. Airborne gamma-ray spectrometer and magnetometer survey, Quetico quadrangle, Minne
sota; final report: U.S. Department of Energy Open-File Report GJBX-335(81), 2 v. 

8. 1981, Airborne gamma-ray spectrometer and magnetometer survey. Roseau quadrangle, Minne
sota; final report: U.S. Department of Energy Open-File Report GJBX-329(81). 2 v. 

9. 1981. Airborne gamma-ray spectrometer and magnetometer survey. Saint Paul quadrangle, Min
nesota; final report: U.S. Department of Energy Open-File Report GJBX-333( 81), 2 v. 

10. 1981, Airborne gamma-ray spectrometer and magnetometer survey, Stillwater quadrangle, Min
nesota; final report: U.S. Department of Energy Open-File Report GJBX-334(81). 2 v. 

11. 1981. Airborne gamma-ray spectrometer and magnetometer survey, Two Harbors quadrangle, 
Minnesota; final report: U.S. Department of Energy Open-File Report GJBX-336(81), 2 v. 

Ahrens, L.H. See Pinson, W.H. 

Alexander, E.C., Jr. See also Book, P.R.; Dalgleish, J.B., 2-3; Evans, J.E.; Groschen, G.E .. 2; 
Lively, R.S., 7-8; Milske, l.A .. 2-4; Mohring, E.H .. 2; St. Ores, Jeffrey. 

I. 1981, Minor caves near the Altura Waste Treatment Lagoon: MinnesotaSpeleology Monthly, v. 
13, no. I, p. 3-5. 



2 Alexander, E.C., Jr. 

2. 1981, Surficial Geology Cave, Fillmore County: MinnesotaSpeleology Monthly, v. 13, no. 2, p. 
16-19. 

3. 1982, Minnesota caves: Rocks and Minerals, v. 57. no. 3. p. 118-122. 
4. 1983, Corn Feed field trip-August 20, 1983: Minnesota Speleology Monthly, v. 15, no. 11. p. 

128-129. 
5. 1983. Echo Chamber, Wabasha County: Minnesota Speleology Monthly, v. 15, no. 2, p. 27-29. 
6. 1983, Hog Hollow Cave, Winona County: Minnesota Speleology Monthly, v. 15, no. 7, p. 81-

82. 
7. 1983, Skunk Hollow Cave. Winona County: Minnesota Speleology Monthly, v. 15, no. 2, p. 

30-3\. 
8. 1984, Spring Valley Caverns; survey trip of January 14, 1984: Minnesota Speleology Monthly, v. 

16, no. 2, p. 26-28. 
9. 1984, Troy Sink, Big Room Cave and Hiawatha Caverns: Minnesota Speieology Monthly, v. 16, 

no. 7, p. \04-\05. 
10. 1985, Karst in the Upper Mississippi valley [abs.), in Lively, R.S., coordinator, Pleistocene geol

ogy and evolution of the Upper Mississippi valley-Winona, Minnesota, August 13-16, 
1985, Abstracts and field trip guide: Minnesota Geological Survey, p. 3-4. 

II. (Book, P.R.). 1984, Altura Minnesota lagoon collapses, ill Beck, B .F., ed., Sinkholes: Their 
geology, engineering and environmental impact-Multidisciplinary Conference on Sink
holes, 1st, Orlando, Florida, October 15-17, 1984, Proceedings: Boston, A.A. Balkema, p. 
311-318. 

12. (Siegel. D.I.; Milske, J .A.). 1983, Isotopic studies ofthe Mt. Simon aquifer, southern Minnesota 
[abs.): Eos (American Geophysical Union Transactions), v. 64, no. 18, p. 225. 

Algermissen, S.T. See also Stover, C.W., 1-2. 
(Perkins, D.M.; Thenhaus, P.c.; Hanson, S.L; Bender, B.L.). 1982, Probabilistic estimates of 

maximum acceleration and velocity in rock in the contiguous United States: U.S. Geological 
Survey Open-File Report 82-1033,99 p., 6 pis. 

Allegre, c.J. See Manhes, Gerald; Michard-Vitrac, Annie. 

Alminas, H.V. See Grimes, D.J. 

American Association of Petroleum Geologists. 
(compiler). 1984, Geological highway map of the northern Great Plains region-North Dakota, 

South Dakota, Iowa. Nebraska, Minnesota: Tulsa, Okla., United States Geological Highway 
Map Series 12, scale linch = approx. 30 miles. 

American Geophysical Union. 
(U.S. Geological Survey). 1964, Bouguer gravity anomaly map of the United States (exclusive of 

Alaska and Hawaii): U.S. Geological Survey, scale 1:2,500,000, 2 pIs. 

Amstutz, G.c. See Schmidt, S.T. 

Anderson, D.H. See Morey, G.B., 25. 

Anderson, G.G. See Ronnei, D.M.; Scott, Deanna. 

Anderson, H.W., Jr. 
(Ruhl, J.F.). 1984, Geohydrology and hydrochemistry of aquifers in Cretaceous rocks, Minne

sota, ill Jorgensen, D.G., and others, eds., Geohydrology of the Dakota aquifer: Worthing
ton, Ohio, National Water Well Association, p. 27-37. 
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Anderson, R.R. 
(Black, R.A.). 1983. Early Proterozoic development of the southern Archean boundary of the Su

perior Province in the Lake Superior region [abs.): Geological Society of America Abstracts 
with Programs, v. 15, no. 6. p. 515. 

Anderson, R.Y. 
(Dean, W.E.; Bradbury. J.P.: Love, David). 1985, Meromictic lakes and varved lake sediments in 

North America: U.S. Geological Survey Bulletin 1607,19 p. 

Anderson. S.L. 
(Burke. Kevin). 1983, A Wilson Cycle approach to some Proterozoic problems in eastern North 

America, ill Medaris, L.G., Jr., and others, eds., Proterozoic geology: Selected papers from 
an International Proterozoic Symposium: Geological Society of America Memoir 161. p. 75-
93. 

Anderson, Steven. See Chandler. V.W., 18. 

Andrews, M.S. See Ripley, E.M., 4. 

Aronow, Saul. 
(Hobbs, H.e.). 1982, Surficial geologic map. pI. 2 oj Balaban, N.H., and McSwiggen, P.L.. 

eds. , Geologic atlas, Scott County, Minnesota: Minnesota Geological Survey County Atlas 
Series C-l, scale 1: 100.000. 

Arvidson. R.E. 
(Bindschadler, D.: Bowring, S.: Eddy, M.; Guinness, E.: Leff. e.). 1984, Bouguer images of the 

North American craton and its structural evolution: Nature, v. 311. no. 5983, p. 241-243. 

Aschenbrenner, Stanley. See Rapp, G.R., Jr. 

Ashwal. L.D. See Morrison. D.A .. 1-2. 

Ashworth, A.e. See also Morgan, A.V.; Schwert, D.P. 
1. 1982. Late Wisconsinan Coleopterous faunas from midcontinental North America [abs.): Journal 

of Paleontology, v. 56, suppl. to no. 2, pt. 2, p. 2. 
2. (Cvancara, A.M.). 1982, Paleoecology of the southern part ofthe Lake Agassiz Basin [abs.): Ge

ological Association of Canada-Mineralogical Association of Canada Program with Ab
stracts, v. 7. p. 37. 

3. (Cvancara. A.M.). 1983, Paleoecology of the southern part of the Lake Agassiz basin. in Teller, 
1. T., and Clayton, Lee, eds., Glacial Lake Agassiz: Geological Association of Canada Spe
cial Paper 26, p. 133-156. 

4. (Schwert, D.P.; Watts, W.A.; Wright, H.E., Jr.). 1981, Plant and insect fossils at Norwood in 
south-central Minnesota: A record of late-glacial succession: Quaternary Research, v. 16, no. 
I, p. 66-79. 

Attig, J.W. 
(Clayton, Lee; Mickelson, D.M.). 1985, Correlation of late Wisconsin glacial phases in the west

ern Great Lakes area: Geological Society of America Bulletin, v. 96. no. 12. p. 1585-1593. 

Austin, G.S. 
[1966?) A teacher's guide for geologic field investigations in southwestern Minnesota. in Phinney, 

W.e., ed., A teacher's guide for geologic field investigations in Minnesota: Minnesota De
partment of Education with the cooperation of the Minnesota Geological Survey, lOp. 



4 Bagdadi, K.A. 

Bagdadi, K.A. 
1. 1981, Tectonic studies of the midcontinent gravity high in east-central Minnesota and western 

Wisconsin- part I: Gravity field and crustal structure; part II: Application of phase transition 
models to the Precambrian vertical motion history: Unpublished Ph.D. dissertation, Univer
sity of Minnesota. Minneapolis, 196 p. 

2. 1981, Tectonic studies of the midcontinent gravity high in east-central Minnesota and western 
Wisconsin- part I: Gravity field and crustal structure; part II: Application of phase transition 
models to the Precambrian vertical motion history [abs., University of Minnesota Ph.D. dis
sertation]: Dissertation Abstracts International, 1982, v. 42, no. 7, p. 2750B-275IB. 

Baker, R.W. 
1985, Contrasting age of the Mississippi River valley in east-central Minnesota and its tributaries 

in west-central Wisconsin [abs.], in Lively, R.S., coordinator, Pleistocene geology and evo
lution of the Upper Mississippi valley- Winona, Minnesota, August 13-16, 1985, Abstracts 
and field trip guide: Minnesota Geological Survey, p. 20. 

Balaban, N.H. See also Morey, G.B., 13. 
I. (McSwiggen, P. L., editors). 1982, Geologic atlas, Scott County, Minnesota: Minnesota Geolog

ical Survey County Atlas Series C-l, scale I: 100,000 and smaller, 6 pIs. 
2. (Olsen, B.M., editors). 1984, Geologic atlas of Winona County, Minnesota: Minnesota Geolog

ical Survey County Atlas Series C-2, scale 1: 100,000 and smaller, 8 pIs. 

Banerjee, S.K. See King, J.W., 1-3; Lund, S.P., 4-6; Sprowl, D.R., 2-5. 

Bannatyne, B.B. 
(Zoltai, S.c.; Tamplin, M.J.). 1970, Annotated bibliography of the Quaternary in Manitoba and 

the adjacent Lake Agassiz region (including archaeology of Manitoba): Manitoba Geological 
Survey Geological Paper 2170, 142 p. 

Bansal, B. See Wooden, J.L. 

Baragar, W.R.A. 
(Scoates, R.F.J.). 1981, The Circum-Superior Belt: A Proterozoic plate margin?, chap. 12 of 

Kroner, A., ed., Precambrian plate tectonics: Developments in Precambrian Geology 4; New 
York, Elsevier, p. 297-330. 

Baranowski, S. 
1969, Some remarks on the origin of drumlins: Geographia Polonica, v. 17, p. 197-208. 

Barghoorn, E.S. See Tyler, S.A. 

Barrick, J.E. See Klapper, Gilbert. 

Basaltic Volcanism Study Project. 
1981, Pre-Tertiary continental flood basalts, sec. 1.2.2 of Basaltic Volcanism Study Project, 

Basaltic volcanism on the terrestrial planets: New York, Pergamon, p. 30-77. 

Bassou, Oulgout. See also Gabanski, Gilbert. 
1984, Preliminary groundwater study and use of resistivity sounding for determining some hydro

logic parameters of glacial outwash in Clear Lake, Sherburne County, MN: Unpublished 
M.S. thesis, University of Minnesota, Minneapolis, 114 p. 
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Basu, Abhijit. 
1981, Weathering before the advent ofland plants: Evidence from unaltered detrital K-feldspars in 

Cambrian-Ordovician arenites: Geology, v. 9, no. 3, p. 132-133. 

Bath, G.D. 
1960, Magnetization of volcanic rocks in the Lake Superior geosyncline, in Geological Survey 

research 1960-- short papers in the geological sciences: U. S. Geological Survey Professional 
Paper400-B, p. B212-B214. 

Battelle Project Management Division, Office of Crystalline Repository Development. 
I. 1983, A national survey of crystalline rocks and recommendations of regions to be explored for 

high-level radioactive waste repository sites; technical report: OCRD-l, Columbus, Ohio, 
Battelle Memorial Institute, 110 p. 

2. 1985, North Central Regional geologic characterization report: Final: DOE/CH-8, Argonne, III. , 
prepared for the U.S. Department of Energy ,Crystalline Repository Project Office, 2 v.; v. I, 
text, approx. 500 p.; v. 2, 13 pIs. [Plate I is the Geologic map of the Lake Superior region, by 
Morey, Sims, Cannon, Mudrey, and Southwick, 1982: Minnesota Geological Survey State 
Map Series S-13.]. 

Batten, L.G. See Goebel, J.E., 2; Southwick, D.L., 6. 

Bauer, R.L. See also McCall, G.W.: Sheehan, T.l. 
I. 1981, The petrology and structural geology of the western Lake Vermilion area, northeastern 

Minnesota: Unpublished Ph.D. dissertation, University of Minnesota, Minneapolis, 204 p. 
2. 1981, The petrology and structural geology of the western Lake Vermilion area, northeastern 

Minnesota [abs., University of Minnesota Ph. D. dissertation]: Dissertation Abstracts Interna
tional, 1982, v. 42, no. 10, p. 3986B-3987B. 

3. 1981, Retrograde prehnite-pumpeJlyite facies metamorphism in the southern Vermilion Granitic 
Complex, northern Minnesota [abs.], in Institute on Lake Superior Geology, 27th Annual 
Meeting, East Lansing, Michigan, 1981, Abstracts and Proceedings: Sponsored by the Dept. 
of Geology ,Michigan State University, East Lansing, and the Michigan Dept. of Natural Re
sources, Geological Survey, Lansing, unpaged. 

4. 1985, Correlation of early recumbent and younger upright folding across the boundary between an 
Archean gneiss belt and greenstone terrane, northeastern Minnesota: Geology, v. 13, no. 9, p. 
657-660. 

5. 1985, Geologic map of Norwegian Bay quadrangle, St. Louis County, Minnesota: Minnesota Ge
ological Survey Miscellaneous Map Series M-59, scale 1:24,000. 

6. 1985, Multiphase fold geometry along the southeastern margin of the Vermilion Granitic Com
plex, northeastern Minnesota labs.], in Institute on Lake Superior Geology, 31st Annual 
Meeting, Kenora, Ontario, 1985, Technical Sessions and Abstracts: Organized by the Resi
dent Geologist Office, Kenora, and the Ontario Geological Survey, p. 3. 

7. (Hudleston, P.l.). 1982, Early recumbent folding across the boundary between the Vermilion 
Granitic Complex and the Vermilion district, NE Minnesota [abs.): Eos (American Geophys
ical Union Transactions), v. 63, no. 33, p. 614. 

8. (Hudleston, P.l.). 1982, F J recumbent folding in the western Vermilion greenstone-granite ter
rane, NE Minnesota [abs.), in Institute on Lake Superior Geology, 28th Annual Meeting. In
ternational Falls, Minnesota, 1982, Proceedings: Sponsored by the Minnesota Geological 
Survey, p. 4. 

Bayfield, H.W. 
1829, Outlines of the geology of Lake Superior: Literary and Historical Society of Quebec Trans

actions, v. I, p. 1-43. 



6 Bayley, R.W. 

Bayley. R.W. 

(Muehlberger. W .R .. compilers). 1968. Basement map of the United States exclusive of Alaska 
and Hawaii: U.S. Geological Survey. scale 1:2.500.000.2 pIs. 

Beck. Warren. 

I. (Murthy. V. Rama). 1982. Rb-Sr and Sm-Nd isotope studies of Proterozoic mafic dikes in north
eastern Minnesota [abs .]. ill Institute on Lake Superior Geology. 28th Annual Meeting, Inter
national Falls. Minnesota. 1982. Proceedings: Sponsored by the Minnesota Geological 
Survey. p. 5. 

2. (Murthy. V. Rama). 1982. Rb-Sr isotopic study of a Proterozoic mafic dike. N.E. Minnesota 
[abs.]: Eos (American Geophysical Union Transactions). v. 63. no. 33. p. 614. 

3. (Murthy. V. Rama). 1983. Mafic dikes of the Canadian Shield: ARb/Sr. Sm/Nd study [abs.]: 
Geological Society of America Abstracts with Programs. v. 15. no. 4. p. 266. 

Beckwith. D.W. 
(Clark. R.C.). 1985. Reconnaissance scale well water geochemical survey of central Minnesota: 

Minnesota Department of Natural Resources. Division of Minerals Report 236-2. 36 p. 

Bednarek. A.R. 
(Meyer, R.P.). 1966, Comparison of time term and Po residual methods of interpreting first ar

rivals from the Lake Superior experiments. ill Steinhart, 1.S., and Smith. T.l .. eds., The 
Earth beneath the continents: American Geophysical Union Geophysical Monograph 10. p. 
276-289. 

Beikman. H.M. See King. P.B .. 2. 

Beltrame. R.J. See also Chandler, V.W .. 14; Morey, G.B .. 23; Southwick. D.L.. 8. 
l. (Chandler, V.W.; Gulbranson, B.L.l. 1982. Geophysical investigation of the Cedar Mountain 

Complex, Redwood County. Minnesota: Minnesota Geological Survey Report of Investiga
tions 27. 20 p. 

2. (Holtzman, R.C.; Wahl, T.E.). 1981. Cuyunarange manganese resources: Society of Mining En
gineers of AIME Preprint 81-343. 7 p. 

3. (Holtzman. R.C.; WahL T.E.). 1981. Cuyuna range manganese resources [abs.]: SME-AIME. 
Fall Meeting and Exhibit. Denver. Colorado. 1981, Pocket Program, p. 33. 

4. (Holtzman. R.C.; Wahl. T.E.). 1981, Manganese resources of the Cuyuna range. east-central 
Minnesota: Minnesota Geological Survey Report of Investigations 24, 22 p. 

Bence, A.E. See Hanson, G.N. 

Bender, B.L. See Algermissen. S.T. 

Bendix Field Engineering Corporation. 
\. 1982. [Machine-processed magnetic anomaly contour map and profiles.] Ashland. Wisconsin/ 

Minnesota/Michigan: U.S. Department of Energy Open-File Report GIM-252(82). scale 
1:250.000.4 pIs. 

2. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Bemidji. Minnesota: 
U.S. Department of Energy Open-File Report GJM-268(82), scale 1:250,000,4 pIs. 

3. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Brainerd, Minnesota: 
U.S. Department of Energy Open-File Report GJM-269(82), scale 1:250,000,4 pIs. 

4. 1982. [Machine-processed magnetic anomaly contour map and profiles,] Duluth, Minnesota/ 
Wisconsin: U.S. Department of Energy Open-File Report GJM-260(82). scale 1:250,000,4 
pIs. 
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5. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Eau Claire, Wisconsin! 
Minnesota: U.S. Department of Energy Open-File Report GJM-254(82), scale 1:250,000,4 
pis. 

6. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Fairmont, Minnesota/ 
Iowa: U.S. Department of Energy Open-File Report GJM-272(82), scale 1:250,000,4 pis. 

7. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Fargo, North Dakota/ 
Minnesota: U.S. Department of Energy Open-File Report GJM-278(82), scale 1:250,000, 4 
pis. 

8. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Grand Forks, North Da
kota/Minnesota: U.S. Department of Energy Open-File Report GJM-277(82), scale 
1:250,000,4 pis. 

9. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Hancock, Michigan! 
Minnesota: U.S. Department of Energy Open-File Report GJM-243(82)' scale 1:250,000,4 
pis. 

10. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Hibbing, Minnesota: 
U.S. Department of Energy Open-File Report GJM-259(82), scale 1:250,000,4 pis. 

II. 1982, [Machine-processed magnetic anomaly contour map and profiles,] International Falls, 
Minnesota: U.S. Department of Energy Open-File Report GJM-258(82)' scale 1:250,000,4 
pis. 

12. 1982. [Machine-processed magnetic anomaly contour map and profiles,] Kenora, Minnesota: 
U.S. Department of Energy Open-File Report GJM-266(82), scale 1:250,000,4 pis. 

13. 1982, [Machine-processed magnetic anomaly contour map and profiles,] La Crosse, Wisconsin/ 
Minnesota/Iowa: U.S. Department of Energy Open-File Report GJM-255(82), scale 
1:250,000,4 pis. 

14. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Mason City, Iowa/Min
nesota: U.S. Department of Energy Open-File Report GJM-263(82), scale 1:250,000,4 pis. 

15. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Milbank, North Da
kota/Minnesota: U.S. Department of Energy Open-File Report GJM-279(82), scale 
1 :250,000,4 pis. 

16. 1982, [Machine-processed magnetic anomaly contour map and profiles,] New Ulm, Minnesota: 
U.S. Department of Energy Open-File Report GJM-271(82), scale 1:250,000,4 pis. 

17. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Quetico. Minnesota: 
U.S. Department of Energy Open-File Report GJM-250(82). scale 1:250.000,4 pis. 

18. 1982. [Machine-processed magnetic anomaly contour map and profiles,] Roseau. Minnesota: 
U.S. Department of Energy Open-File Report GJM-267(82), scale 1:250.000.4 pis. 

19. 1982, [Machine-processed magnetic anomaly contour map and profiles,] 51. Cloud, Minnesota: 
U.S. Department of Energy Open-File Report GJM-270(82l, scale 1:250,000.4 pis. 

20. 1982, [Machine-processed magnetic anomaly contour map and profiles.] 51. Paul. Minnesota: 
U.S. Department of Energy Open-File Report GJM-262(82), scale 1:250,000,4 pis. 

21. 1982, [Machine-processed magnetic anomaly contour map and profiles.] Sioux Falls, South Da
kota/Iowa/Minnesota: U.S. Department of Energy Open-File Report GJM-281(82), scale 
1:250,000,4 pis. 

22. 1982, [Machine-processed magnetic anomaly contour map and profiles.] Stillwater, Minnesota/ 
Wisconsin: U.S. Department of Energy Open-File Report GJM-261(82), scale 1:250,000,4 
pis. 

23. 1982, [Machine-processed magnetic anomaly contour map and profiles,] Thief River Falls. North 
Dakota/Minnesota: U.S. Department of Energy Open-File Report GJM-276(82), scale 
1:250.000.4 pis. 

24. 1982, [Machine-processed magnetic anomaly contour map and profiles.] Two Harbors. Minne
sota/Michigan/Wisconsin: U.S. Department of Energy Open-File Report GJM-25 I (82), 
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Summary of knowledge: Morey, 7. 

Animikie Group (Early Proterozoic). See also Bi
wabik Iron Formation; Gunflint Iron Formation; Iron
formations; Pokegama Quartzite; Rabbitt Lake 
Formation; Rove Formation; Thomson Formation; Vir
ginia Formation. 

Freefatty acid analysis: Janks, 2. 
Anoka County. See also Mississippi River valley; 
Twin Cities Metropolitan Area. 

Anoka salld plain: Keen, 1-2. 
Aquifers. See Ground water; Franconia-Ironton
Galesville aquifer; MI. Simon-Hinckley aquifer; 
Prairie du Chien-Jordan aquifer; St. Peter aquifer. 
Aquifer thermal energy storage (ATES). See Sea
sonal thermal energy storage (STES). 
Archean. See also Cedar Mountain Complex; Deer 
Lake Complex; Ely Greenstone; Giants Range 
batholith/Granite; Hillman Migmatite; Knife Lake 
Group; Lake Vermilion Formation; McGrath Gneiss; 
Minnesota River Valley; Montevideo Gneiss; Morton 
Gneiss; Newton Lake Formation; Precambrian; Quartz 
Gabbro of SI. Wendel Township; Rainy Lake area; 
Richmond Gneiss; Sacred Heart Granite; Saganaga 
batholith/Granite/Tonalite; Sartell Gneiss; Snowbank 
stock; Soudan Iron Formation; Vermilion district; Ver
milion Granitic Complex. 

Core drilling: Walton, 6. 13. 
Crustal structure: Gibbs, 1-2; Pierson, 1-2; Smith-

son. 
Deformation of greenstone terrane: Borradaile. 
Gneisses: Morey, 16; Walton. 6, 13. 
Igneous petrology: Wooden. 
Metallogeny: Sims, 2. 4. 
Origin of sulfur: Nicol. 
Review. southern Canadian Shield: Sims, 8. 
Tectonics: Davidson. I. 
Terrane boundaries: Gibbs, 1-2. 
Transition to Early Proterozoic: Van Schmus, 3-4. 

Archeology . 
Trace-elementfingerprinting. native copper arti

facts: Rapp. 

A TES. See Seasonal thermal energy storage (STES). 
Babbitt area. See Duluth Complex. mineral prospects. 
Bardon Peak. See Duluth Complex. 
Barometry. See Petrology. metamorphic. 
Beaver Bay Complex (Middle Proterozoic). See also 
Keweenawan rocks. 

Anorthosite inclusions. 
-Geochemistry: Morrison, 1-2. 
-Geochronology: Jessberger, 1-2. 

Beltrami County. 
Crude oil spill: Eames; Hult, 2. 
Peat resource inventory: Minnesota Department of 
Natural Resources, Division of Minerals, 2. 

Beneficiation, iron ore. See Economic geology, iron 
ore. 
Benton County. See also Mississippi River valley. 

Ground-water appraisal, sand-plain aquifers: Lind
holm. 

Igneous and metamorphic petrology. Archean rocks: 
Dacre, 1-2. 

Stratigraphic nomenclature, Archean: Dacre. 2. 
Bibliographies and indexes. 

Geologic map indexes: McIntosh; Wahl. 
Geological and Natural History Survey of Minnesota 

publications: Swanson. 
Geology: Morey, 13. 
Glacial Lake Agassiz plain, Quaternary geology: 

Bannatyne. 
Minnesota Geological Survey publications: Swan-

son. 
Big Marine Lake. See Washington County. 
Biwabik Iron Formation (Early Proterozoic). See also 
Animikie basin; Iron-formations; Mesabi range. 

Boron contents of silica bands: Truscot!. 
Chert textures: Keller, W.D. 
Comparison with other banded ironjormations: 

Gole. 
Isotope geochemistry: Miller, R.G.; Perry. 
Metamorphic petrology: Han. 
Origin: Eichler; Hutchison. 
Rare earths: Wildeman. 
Stratigraphy and sedimentology: Ojakangas, 5. 
Stromatolites/stromatoloids: Walter. 
Structure: Mullenmeister, I. 
Trace elements: Janks, 1; Morey, 18. 

Boundary Waters Canoe Area. See Northeastern 
Minnesota. 
Building stone. See Economic geology, aggregate re
sources. 
Cambrian rocks. See also Eau Claire Formation; 
Franconia Formation; Galesville Sandstone; Ironton 
Sandstone; Jordan Sandstone; Mt. Simon Sandstone' 
S!. Lawrence Formation. ' 

Eastern Minnesota: Labandeira. 
Lithostratigraphic maps: MossIer. 2. 
Paleontology: Hazel; Labandeira; Lochman-Balk. 
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Canadian Shield. 
Archean gneisses and Early Proterozoic rocks: 

Morey, 16. 
Isotopic studies, mafic dikes: Beck, 1-3. 
Paleomagnetism: Cavanaugh, 1-3. 
Southern Province. reviews of geology: Card; Sims, 

8. 

Stratigraphic correlation: Douglas; Stockwell. 
Superior Province, alkaline intrusive rocks: Schulz, 

K.J.,4. 
Time classification: Douglas; Stockwell. 

Carlile Shale. See Cretaceous rocks. 
Carlton County. 

Aeromagnetic anomaly map: Chandler, 5. 
Aeromagnetic data interpretation: Chandler, 10. 
Middle Precambrian (Earlv Proterozoic) geology: 

Connolly. 
Cass County. 

Ground water: Myette, 2. 
Catlinite. See Sioux Quartzite. 
Caves. See also Karst. 

Fillmore County. 
-Surficial Geology Cave: Alexander, 2. 
--Com Feed: Alexander, 4. 
-Masonic Park: Spong. 
-Mystery Cave: Milske. 1-4. 
-Spring Valley: Alexander, 8. 
Minnesota, general discussion: Alexander, 3. 
Sandstone: Alexander, 9. 
Winona County. 
-Big Room: Alexander, 8. 
-Hog Hollow: Alexander, 6. 
-Near Altura: Alexander, I. 
-Skunk Hollow: Alexander, 7. 
-Troy Sink: Alexander, 9. 

Cedar Mountain Complex (Archean). See also Min
nesota River Valley. 

Geophysical investigation: Beltrame, I; Chandler, 
14. 

Igneous petrology: Daggett. 
Cedar Valley Formation. See Devonian rocks. 
Central Minnesota. See East-central Minnesota; 
West-central Minnesota; counties and rock units by 
name. 
Central Minnesota Seismic Array. See Geophysical 
investigations, seismic studies. 
Chemistry. See Exploration; Geochemical investiga
tions; Hydrogeochemistry. 
Chisago County. See also St. Croix River valley. 

Topographic relief, Precambrian-Cambrian con
tact: Scott. 

Clay. 
Central Minnesota: Mark. 
Kaolin: Mark; Murray. 
Mining activit)·. vearlv summaries: Aase, 1-5; 

Briggs. 
Minnesota River Valley: Mark; Murray. 

COCORP Minnesota traverse: Gibbs, 1-2; Pierson, 
1-2; Smithson. 
Coleoptera (beetles). See Paleontology, insects. 
Coleraine Formation. See Cretaceous rocks. 
Colorado Lineament. See Great Lakes tectonic zone. 
Computer methods and applications. 

Aquifer thermal energy storage (ATES) modeling: 
Miller, R.T., 3-4, 6-8. 

MINESITE data system: Brice, 1-2. 
Subsurface data collection, Twin Cities area: Wal-

ton, 4. 
Consortium for Continental Reflection Profiling. 
See COCORP Minnesota traverse. 
Cook County. 

Aeromagnetic anomaly map: Chandler, 6. 
Geophysical prospecting: Vadis, I. 
Gunflint range, exploration geochemistry: Morey, 

18. 
Ignimbrites: Fitz. 
Lake sediment geochemical survey: Vadis, 1,4. 
Long Island Lake quadrangle, bedrock geologic 

map: Morey, 25. 
Mesolitefrom Carlton Peak: Nawaz. 
Pigeon Point, Precambrian geology, petrology, and 

structure: Mudrey, I. 
South Lake quadrangle, Logan intrusions: Jones. 
Titanium: Rogers, c.L. 

Copper, Copper-nickel. See Duluth Complex; Eco
nomic geology. 
Cores and core drilling, See Drilling and boreholes. 
Correlation, stratigraphic. See Stratigraphic correla
tion. 
Cretaceous rocks. 

Aquifers: Anderson. H.W., Jr. 
Lincoln County: Poppe. 
Manganese, southwestern Minnesota: Cannon, I. 
Mesabi range: Erickson, B.R., 2-3; Minnesota Vol-

unteer. 
Outcrop and subcrop map, southeastern Minnesota: 

Mossier, I. 
Paleogeography along Western Interior seaway: 

Witzke, 5. 
Paleontology: Cobban, 1-2; Erickson, B.R., 2-3; 

Hanson, K.J.; Holzheimer; Merewether. 1-2; 
Minnesota Volunteer; Poppe; Witzke, 2. 

Relation to Transcontinental Arch: Bunker, I. 
Sedimentology, southwestern Minnesota: Rice, 

D.D. 
Stratigraphic correlation: Bergstrom; Merewether, 

I. 
Structural geology: Merewether, 1-2; Shurr, 1-2. 
Traverse County: Holzheimer. 

Crushed stone. See Economic geology, aggregate re
sources. 
Crystalline rocks. See Radioactive waste disposal. 
high-level wastes. 
Cuyuna range. See also Animikie basin; Animikie 
Group; Gunflint range; Mesabi range; Mille Lacs 
Group. 



Iron-ort' beneficiation: Sabelin, 2. 
Lower (Early) Proterozoic rocks: Eldougdoug, 1-4. 
Manganese resources: Beltrame, 2-4; Malhotra; 

Morey, 6. 
Mineralization along Great Lakes tectonic zone: 

Brill. 
Dakota Formation_ See Cretaceous rocks. 
Decorah Shale (Ordovician). 

Brachiopod systematics: Rice, W.F., 2. 
Chitinozoans: Cutler. 
Lithostratigraphic map: MossIer, 2. 
Ostracodes and coquinas: Duffy. 
Paleoecology: Sulima. 
Sedimentology: Crews; Rice, W.F., 2. 
Stratigraphy: Kay. 

Deer Lake Complex (Archean). 
Layered mafic sills: Ripley, 1.3,8. 
Metamorphic petrology: Ripley, 8. 
Sulfide mineralogy and isotope geochemistl)': Rip-

ley, 1.3. 
Deformation. See specific rock units and geographic 
areas by name. Small-scale deformation is generally in
cluded in the subheading Structure. See Tectonics for 
treatment of large-scale deformation. 
Deglaciation. See Glacial geology. 
Denham Formation (Early Proterozoic). 

Areal geology: Neumann. 
Devonian rocks. 

Conodonts, Spillville Formation: Klapper. 
Sinkhole: Downes. 
Stratigraphic correlation: Bergstrom. 
Stratigraphy: Bunker, 2; Witzke, 4. 

Diagenesis. 
Galena Formation: Delgado; Witzke, 3. 
Platteville Formation: MossIer, 3. 
Precambrian ironlormations: Klein. 
Sioux Quartzite: Vander Horck. 

Dikes. See Kenora-Kabetogama dike swarm; other 
rock units and geographic areas by name. 
Drainage patterns, glacial. See Glacial geology. 
Drilling and boreholes. See also Engineering geology; 
Wells and well-logging. 

Compilation of drill core: Martin. 
Core drilling, Minnesota River Valley: Walton, 6, 

13. 
Department of Natural Resources. 
-1980 drilling summary: Vadis, 2. 
-1983-1985 drilling summary: Sellner, 2. 
MINNAMAX ore deposit: Eastman. 
Subsurface data collection. Twin Cities area: Wal

ton, 4. 
Dubuque Formation (Ordovician). 

Cave development along contact with Galena For
mation: Alexander, 2, 8; Milske. 1-4; Mohring, 1-
2. 

Duluth. See St. Louis County. 
Duluth Complex (Middle Proterozoic). See also Eco
nomic geology; Keweenawan rocks. 

Amphibole mineralogy: Stevenson, 1-2. 
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Anorthosites: Miller, J.D., Jr., 1-2.4. 
-Inclusions: Jessberger, 1-2; Morrison, 1-2. 
Arsenide minerals: Ryan. P.J; Sabelin. I. 
Bardon Peak. 
-Petrology: Ross, B.A., 1-2. 
-Small-scale structures: Foster. 
Cobalt: Mishra; Watowich. 1-2. 
Copper-nickel. 
-Resources: Brice, 1-2; Duke; Lawver; Mathews; 

Mishra; Schluter; Watowich, 1-2. 
-Sulfides: Foose. 5-6; Mills, S.1.; Mishra; 

Mogessie; Naldrett, 1-2; Pasteris, 1.3; Rao. 1-4; 
Ripley, 2. 4-6, 9; Ryan, P.J.; Ryan. R.M., 1-2; 
Sabelin, I. 

Crystal structure, plagioclase: Carpenter. 
Faults: Foose. 7-9. 
Genesis of sulfide ores: Foose, 3. 
Geochemistry: Bonnichsen; Denechaud; Frey, F.A.; 

Mainwaring, 1-2; Manhes; Miller, J.D .. Jr.. 1-2, 
4; Morrison, 1-2; Rao, 1-4; Ripley, 2. 4-6, 9; 
Ryan, P.J.; Ryan, R.M., 1-2; Seifert. 3. 

Geophysical investigations. 
-Correlation of gravity and magnetic anomalies: 

Chandler, 16; Ferderer, 1-2. 
-Density and magnetic susceptibility: Ferderer, 1-

2. 
-Footwall electromagnetic survey: Sellner, 2. 
-Magnetic anomalies: Chandler, 11, 16. 
-Paleomagnetism: Chandler, 11. 
Graphite. 
-Graphitic sulfides: Mainwaring, 2. 
-Origin: Douthitt. 
Inclusions. 
-Anorthosites: Jessberger, 1-2; Morrison, 1-2. 
-Basalt: Dunlavey. 
-Geochronology: Jessberger. 1-2. 
Intrusions. 
-Longnose peridotite deposit: Linscheid. 
-Partridge River troctolite: Cawthorn; Chalokwu, 

1-6; Dunlavey; Grant, N.K.; Moiling; Pasteris, 2-
4; Ripley, 5; Tyson, 1-3,5. See also the main 
heading Partridge River troctolite (intrusion) for 
specific features. 

-South Kawishiwi: Bonnichsen; Foose. 1-2,4-6; 
Pasteris. 2-4; Weiblen. 5. See also the main head
ing South Kawishiwi intrusion for specific fea
tures. 

-Tuscarora: Mogessie. 
-Water Hen: Mainwaring, I. 
Mineral prospects: Martin. 
-Babbitt: Dunlavey; Mills, S.J.; Pasteris, I; Rip-

ley, 5-6. 
-Dunka Road: Rao, 1-4; Ripley, 2, 4. 
-INCO: Pasteris, 3. 
-MINNAMAX: Eastman; Mills. S.J.; Pasteris, I, 

3; Ripley, 6, 9; Ryan, P.J.; Ryan, R.M., 1-2. 
-Tiger Boy. See MINNAMAX above. 
MINESITE data system: Brice, 1-2. 
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Oxide minerals: Pasteris, 2, 4. 
Petrology, igneous: Bonnichsen; Linscheid; Main

waring. 1; Miller. J.D .. Jr., 2-4; Mogessie; 
Moiling; Pasteris, 3-4; Ryan, P.J.; Ryan, R.M., 
1-2; Stevenson, 1-2; Weiblen, 5. 

Petrology, metamorphic: Labotka, 1-5; Mainwar
ing, I; Weiblen, 5. 

Platinum group minerals (PGM): Ryan. P.1.; Sa
belin, I; Watowich, 1-2. 

Rare earth elements (REE): Denechaud; Frey. F.A.; 
Seifert. 3. 

Silicate weathering in Filson Creek watershed: 
Siegel, 2-3, 7, 12. 

Snowbank Lake quadrangle: Miller, J.D., Jr., 1-2. 
-Areal geology: Miller. l.D., Jr., 3. 
Structure. 
-Basal portion: Mullenmeister, I. 
-Forest Center NW quadrangle: Mullenmeister. 2. 
-Lineaments and structure: Cooper, 1-3. 
Sulfide minerals: Moiling; Naldrett, 1-2; Pasteris, I, 

3; Rao, 1-4; Ripley, 2.4-6.9; Ryan, R.M., 1-2; 
Sabelin, I; Tyson, 4. 

Titanium: Force; Pasteris, 2, 4; Rogers. C.L. 
Troctolites: Miller. J.D .. Jr., I. 

Dunka Pit. See Mesabi range. 
Dunka Road deposits. See Duluth Complex. mineral 
prospects. 
Dunleith Formation (Ordovician). See Galena Forma
tion. Prosser Member. 
Dye tracing. See Ground water, movement. 
Eagle Lake. See Otter Tail County. 
Early Proterozoic rocks. See Proterozoic. 
Earthquakes. See Geophysical investigations. seis
mic studies. 
East-central Minnesota. See also counties and 
specific rock units by name; Cuyuna range; Mississippi 
River valley; SI. Croix River valley. 

Areal geologv. 
-Precambrian guidebook: Craddock. 
-Teacher's guide: Hoagberg, I. 
Bedrock geologic map: Morey, 20. 
Bedrock topographic map: MossIer, I. 
Exploration geochemistrv: Morey. IS. 
Geophysical investigations. 
-Aerial radiometric surveys and maps: Aero Ser

vice Division. 3. 10; Bendix, 4. 22. 
-Aeromagnetic surveys and anomaly maps: Aero 

Service Division, 3.10; Bendix, 4, 22; Chandler, 
7, 12. 18. 

-Correlation and interpretation of magnetic anoma
lies: Chandler. 9-10. 

-Correlation of gravity and magnetic anomalies: 
Carlson. 

-Seismic array. St. Cloud area: Li. 
-Seismic source zones: Krinitzsky. 
-Seismic studies of crustal structure: Greenhalgh, 

\. 

Glacial geology. 
-Buried bedrock valleys, ancestral Mississippi 

River: Baker. 
-St. Croix moraine, Swanville area: Hobbs. 3. 
-Thickness of Quaternary strata: MossIer, I. 
-Till: Chernicoff, 1-5; Cowdery; Meyer. G.N .. 4. 
-Wadena drumlin field: Baranowski; Goldstein, 1-

2; Mills, H.H. 
Ground-water geochemistry. 
-Ground- and lake-water interaction: Brugam. 
-Well-water survey: Beckwith; Lively, 10. 
Land-lise and land-cover maps: U.S. Geological 

Survey, 2. 
Petrology: Dacre. 1-2. 
Proterozoic igneolls illlrllsions: Ronnei; Spencer. 1-

2. 
Solution-mineral equilibria: Shettel. 
Stratigraphic nomenclature: Dacre, 2. 
Uranium in phosphorites: McSwiggen, 1-3; Ullmer. 

1-2. 
Water quality and resources: Lindholm; Myette, I, 

3. 
Eau Claire Formation (Cambrian). 

Lithostratigraphic map: MossIer, 2. 
Economic geology. See also Duluth Complex; Explo
ration; Gold; Mineral resources; Peat; Uranium. 

Aggregate resources: Aase, 1-5; Briggs; Hoagberg, 
2; Jirsa, 3; Lipp, 1-2.4,7; Meyer, G.N .. 5; Ra
jaram; Schenk. 

Catlinite (pipestone) resource evaluation: Morey, 5, 
S. 

Clay: Mark; Murray. 
Cobalt: Mishra; Watowich. 1-2. 
Copper artifacts. geographic sources: Rapp. 
Copper-nickel mineralization. 
-Duluth Complex: Duke; Foose, 5-6; Lawver; 

Mathews; Mills. S.1.; Mishra; Mogessie; Nal
drett, 1-2; Pasteris, 1,3; Rao, 1-4; Ripley, 2, 5-6, 
9; Ryan, R.M., 1-2; Sabelin, I; Tyson, 3-5. 

-Environmental setting for mining: Brice, 1-2. 
-Feasibility of development: Lawver; Mathews; 

Watowich, 1-2. 
Directories a/producers. 
-Industrial minerals: Lipp, 1-2,4,7. 
-Iron ore, copper-nickel. and taconite: Lipp, 3, 5-

6,8; Trethewey. 1-2. 
Iron ore. 
-Beneficiation: Jacobs; Sabelin, 2. 
-Reserves estimation and evaluation: Marsden. 
Manganese. 
-Cretaceous rocks: Cannon, I. 
-Cuyuna range: Beltrame, 2-4; Malhotra; Morey, 

6. 
Metallogeny. 
-Duluth Complex: Schluter. 
-Lake Superior region: Franklin; Mudrey, 2-3; 

Sims, 2, 4. 
Midcontinent Strategic and Critical Minerals (SCM) 

Project: Pratt. 
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Mineral industry, yearly statewide activity sum
mario's: Aase, 1-5: Briggs. 

Mineral prospects. See also Duluth Complex, min-
eral prospects. 

-MINNAMAX: Eastman; Johnson, R.E. 
Ne>vton Lake Formation: Yeomans. 
are genesis: Ryan, R.M .. 1-2. 
are mineral occurrences. 
-Drill cores and testpits, statewide compilation: 

Martin. 
-Northern Minnesota: Sellner, 2. 
Platinum group minerals (PGM): Ryan, P.J.; Sa

belin, I; Watowich, 1-2. 
Public Geologic Sample Program results: Morey, 

18. 
Sulfides. 
-Deer Lake Complex: Ripley, I, 3. 
-Duluth Complex: Duke; Foose, 1,3,5-6; 

Mathews; Mills, S.1.; Mishra; Moiling; Naldrett, 
1-2; Pasteris, 1,3; Rao, 1-4; Ripley, 2, 4-6, 9; 
Ryan,P.J.;Ryan,R.M., 1-2;Sabelin, 1; Schluter; 
Tyson, 3-5. 

-Massive: Giangrande; Mathews. 
-St. Louis County: Giangrande. 
Taconite bmeficiation: Jacobs. 
Titanium: Force; Pasteris, 2, 4; Rogers, c.L. 

Electrical studies; Electromagnetic studies. See 
Geophysical investigations. 
Electron microprobe analysis. 

Anorthosites and troctolites, Duluth Complex: 
Miller, J.D .. Jr., 1. 

Flood basalts: Basaltic Volcanism Study Project; 
Brannon, 1-3. 

Hornblende and augite, Vermilion Granitic Com-
plex: Day, 1-2. 

Lamprophyre mineral phases: O'Brien, H.E. 
Lavered sills, Deer Lake Complex: Ripley, 8. 
Partridge River troctolite (intrusion): Chalokwu, 3. 

6; Pasteris. 3. 
Electron microscopy. 

Scanning. 
-Chert textures: Keller. W.D. 
-Platinum group minerals (PGM): Ryan, P.J.; Sa-

belin, I. 
-Sulfide mineralization: Pasteris, 3. 
-Titanium: Pasteris, 2, 4. 
Transmission. 
-Amphiboles, Duluth Complex: Stevenson, 1-2. 

Elk Lake. See Northwestern Minnesota. 
Ely area. See St. Louis County. 
Ely Greenstone (Archean). 

Geochemistry: Grimes; Robinson. 
Endioll sill. See also Keweenawan rocks. 

Composite intrusion: Oestrike. 
Engineering geology. See also Drilling and boreholes; 
Seasonal thermal energy storage (STES); Wells and 
well-logging. 

Crack propagation in granite: Labuz. 

Reformarory Granite: South. 
Twin Cities: Walton, 4. 
-Rock property data: Bloomgren. 
-St. Paul Energy Park: Walton, 9. 
-Status of geologic studies, 1965: Stone, J .E., 1. 
-Tunneling and underground space: Minnesota, 

University, Underground Space Center; Nelson; 
Sterling. 

Well construction, Scott and Winona Counties: 
Olsen, B.M., 2, 5. 

Environmental geology. See also Hazardous waste 
disposal; Karst; Pollution; Radioactive waste disposal, 
high-level wastes; Water quality. 

Setting for mining, Duluth Complex: Brice, 1-2. 
Experimental petrology. See Petrology, experimen
tal. 
Exploration. See also Economic geology; Geophysi
cal investigations; Gold; Oil and gas; Uranium. 

Geochemical. 
-Gold: Seeland, 1-2. 
-Ground water: Beckwith; Morey, 23; Oak Ridge. 

1-5; Routledge; Shettel; Southwick, 8; Texas In
struments. 1-2. 

-Lake sediments: Sellner, I; Vadis, 1,3-4. 
-Public Geologic Sample Program results: Morey, 

18. 
--Quaternary deposits: Meineke, 1-3. 
-Soils: Lawler; Sellner, 2. 
-Stream sediments: Morey, 23; Oak Ridge, 1-5; 

Routledge; Southwick, 8; Texas Instruments, 1-2; 
Vadis. 1. 

-Vegetation: Sellner. 2. 
Geophvsical. 
-Electrical: Meineke, 5; Sellner, 2. 
-Electromagnetic: Lawler; Meineke. 3-5; Sellner. 

2; Vadis, 1-2. 
-Magnetic: Aero Service Division, I-II; Bendix. 

1-25; geoMetries, 1-4; Lawler; Meineke. 3-5; 
Sellner, 2; Vadis, 1-2. 

-Radiometric: Aero Service Division, I-II; 
Bendix, 1-25: Delaney; geoMetrics, 1-4: Rout
ledge; Texas Instruments, 1. 

-Seismic: Sellner, 2. 
Faults. See specific rock units and geographic areas by 
name; Lineaments; St. Croix horst; Tectonics. Small
scale faulting is generally included in the subheading 
Structure. 
Fillmore County. 

Caves, karst, and sinkholes: Alexander. 2. 4, 8; 
Downes; Milske, 1-4; Mohring, 1-2. 

Dye determination, ground-water flow, Root River 
drainage basin: Mohring, 1-2. 

Joint measurements, Spring Vallev landfill: Leon-
ard-Mayer, 1-2. 

Filson Creek watershed. See Northeastern Minne
sota. 
Fond du Lac Formation (Middle Proterozoic). See 
also Keweenawan rocks. 
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Paleomagnetism and implications for Keweenawan 
tectonics: Watts, D.R. 

Stratigraphy and sedimentology: Morey, 19; 
Ojakangas, 10. 

Fossils. See Paleontology. 
Franconia Formation (Cambrian). 

Lithostratigraphic map: Mossier, 2. 
Mazomanie and Reno Members. feldspar-grain size 

relations: Romano. 
Trilobite biostratigraphy: Hazel. 

Franconia-Ironton-Galesville aquifer. See also 
Ground water. 
Aquifer thermal energy storage (ATES). See Sea

sonal thermal energy storage (STES). 
Hydrogeologic and water-quality characteristics: 

Ruhl,2. 
Galena Formation (Ordovician). 

Cave development: Alexander, 2. 8; Milske, 1-4; 
Mohring, 1-2. 

Deposition and diagenesis: Delgado; Witzke, 3. 
Guidebook: Delgado; Witzke. 3. 
Lithostratigraphy: Levorson; Mossier, 2; Stone. 

D.J. 
Paleoecology: Delgado; Levorson; Witzke, 3. 
Petrology: Delgado. 
Prosser Member: Stone, D.J. 

Galesville aquifer. See Franconia-Ironton-Galesville 
aquifer; Ground water. 
Galesville Sandstone (Cambrian). 

Lithostratigraphic map: Mossier. 2. 
Gamma-ray surveys. See Geophysical investigations, 
radiometric airborne and ground surveys and maps. 
Gas, natural. See Oil and gas. 
Geochemical investigations. See also Duluth Com
plex; Electron microprobe analysis; Exploration; Hy
drogeochemistry . 

Alkaline intrusive rocks: Schulz, K.J., 4. 
Basalts: Basaltic Volcanism Study Project; Green, 4; 

Schulz, K.J., 3. 
Biwabik Iron Formation: Janks, I; Miller, R.G.; 

Perry; Truscott; Wildeman. 
Boron: Truscott. 
Crustal evolution: McCall. 
Deer Lake Complex: Ripley, 1,3.8. 
Dunka Road deposits: Ripley, 4. 
Ell' Greenstone: Grimes. 
F~ttv acids. Animikie Group: Janks, 2. 
Feldspars in sandstones: Basu. 
Glacial overburden and ore tailings dumps: Nater. 
Glen Township Formation: Eldougdoug, 1-4. 
Gunflint Iron Formation: Vaniman. 
Isotopes. 
-Carbon: Mainwaring, 2. 
-Lead: Dosso. 1-3; Hart; Ludwig; Manhes; 

Spencer. 1-2. 
-Neodymium: Dosso, 1-4; Miller, R.G.; Spencer, 

1-2; Wooden. 
-Oxygen: Lee. Mingchou; Perry; Rao, 4; Ripley, 6; 

Ryan, R.M., 2. 

-Potassium-argon: Jessberger. 1-2. 
-Rubidium-strontium: Basaltic Volcanism Study 

Project; Beck. 1-3; Brannon. 1-3; Morrison. 1-2. 
-Samarium-neodymium: Beck. 1,3; Brannon, 1-3; 

Morrison, 1-2. 
-Strontium: Dosso, 1-4; Grant, N.K.; Green, 4; 

Hart; Jahn, I; Wooden. 
-Sulfur: Ripley, 1-3,5,7.9; Ryan, R.M., 1-2. 
Keweenawan rocks: Basaltic Volcanism Study Pro

ject;Dosso, 1-4; Green, 2, 6-7,9, II;Seifert, 1-2; 
Weiblen,2. 

Lake sediments: Vadis, 1.3. 
-Lake Superior: Hart. 
Lamprophyres: O'Brien, H.E.; Schulz, K.J., 2. 
Lavaflows: Basaltic Volcanism Study Project; Bran-

non, 1-3; Green, 7. 
Mafic dikes: Beck, 1-3; Chandler, 19; Southwick,S. 
Major elements: Basaltic Volcanism Study Project; 

Brannon, 1-3; Day, 1-2; Eldougdoug, 2-3; Green, 
2,4; McCall; Miller, J.D., Jr., I; Robinson. 

Mesolitefrom Carlton Peak: Nawaz. 
Minnesota River Valley: Daggett; Wilson, W.E. 
Newton Lake Formation: Yeomans. 
Partitioning studies. coal-tar constituents: Rostad. 
Partridge River troctolite (intrusion): Chalokwu, 1-

6; Grant, N.K.; Ripley,S. 
Petrogenesis. Archean: Sheehan. 
Platteville Formation: Mossier, 3. 
Public Geologic Sample Program results: Morey, 

18. 
Rainy Lake area: Shirey. 
Rare earth elements (REE): Basaltic Volcanism 

Study Project; Denechaud; Frey, F.A.; Green, 2; 
McCall; Morrison, 1-2; Seifert, 3; Shirey; 
Spencer, 1-2; Wildeman. 

Reformatory Granite: Spencer, 2. 
Rove Formation: White, C.E., 1-2. 
Soils and regolith material: Shacklette. 
Soudan Iron Formation: Calvin; Wildeman. 
South Kawishiwi intrusion: Foose, 2, 5-6. 
Trace elements: Basaltic Volcanism Study Project; 

Day, 1-2; Eldougdoug, 2-3; Grant, N.K.; Green, 
2, 4; Jahn, I; Janks, I; McCall; Pinson; Rapp; 
Ryan, P.J.; Seifert, 1-2; Sheehan; Wilson, W.E. 

Vermilion district: Grimes; J ahn, 1; McLennan, 1-2; 
Schulz, K.J., 1,3; Shirey. 

Vermilion Granitic Complex: Day, 1-2; McCall; 
Sheehan. 

Virginia Formation: White, C.E., 1-2. 
Geochronology. 

Anorthositic inclusions. Duluth Complex: Jess
berger, 1-2. 

Argon ages: Hanson, G.N. 
Giants Range batholith/Granite: Hanson, G.N.; 

Tsunakawa. 
Keweenawan rocks: Van Schmus, 6-7. 
Lead ages. Lake Superior sediments: Evans. 
Lead-lead ages, Duluth Complex: Manhes. 
Mafic dikes: Beck, 1-3. 
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Minnesota River Valley: Michard-Vitrac; 
Tsunakawa; Williams; Wilson, W.E. 

Orogenies: Goldich, 1-2. 
Penokean foldbelt: Van Schmus. I. 
Potassium-argon ages: Lee, Mingchou. 
-Effects of shock: Jessberger, 1-2. 
Precambrian rocks: Goldich, 2; Muehlberger; Van 

Schmus, 1-7. 
Radiocarbon ages: Clayton,S; Meyer, G.N., 4; 

Schwert; Wright, H.E., Jr., 6. 
Rubidium-strontium ages: Beck, 1-3; Goldich, 2; 

Jahn, 2; Tsunakawa. 
Sacred Heart Granite: Tsunakawa. 
Samarium-neodymium ages: Beck, 1-2. 
Snowbank stock: Hanson, G.N. 
Speleothems: Alexander, 5; Lively, 3-4, 8; Milske, 

1-4. 
Uranium-series: Alexander,S; Lively, 3-5, 8; 

Milske, 1-4. 
Vermilion district: Jahn, 2. 
Zircon ages: Goldich, 2; Michard-Vitrac; Williams. 

Geological and Natural History Survey of Minne
sota. 

PublicatIOns: Swanson. 
Geomorphology. See also Glacial geology. 

Bedrock topography. 
-Bedrock valleys, influence on Mississippi River: 

Jirsa, 2; Olsen, B.M., 6. 
-Lake Superior region: Wold, 2. 
-Precambrian-Cambrian contact: Scott. 
-Scott County map: Isaacs, 2. 
Erosionalfeatures and processes. 
-Cannon River: Ratner. 
-Isostatic uplift. Lake Superior: Dutch, 2. 
-Orwell Lake. Otter Tail County: Reid, 1-2. 
-Proglaciallake drainage: Kehew. 
Physiography. 
-And glacial geology: Matsch, 1. 
-Scott County map: Isaacs, 1. 
Pleistocene fluvial geomorphology: Sloan, 4. 
St. Croix moraine: Hobbs, 3. 
Sand dunes, Anoka County: Keen, 1-2. 
Surficial deposits on Paleozoic surface, southeast

ern Minnesota: Leuth. 
Wadena drumlin field: Mills, H.H. 

Geophysical investigations. See also Remote sensing. 
Correlation of gral·ity. magnetic anomalies. 
-Cedar Mountain Complex: Beltrame, 1; Chandler. 

14. 
-East-central Minnesota: Carlson. 
-Lake Superior region: Chandler, 15. 
-Midcontinent Gravity High: Prugger. 
-Southern Duluth Complex: Chandler, 16; Fer-

derer, 1-2. 
Electrical studies. 
-Induced polarization, Koochiching County: 

Lawler; Meineke,S; Sellner. 2. 
-Magnetotelluric traverse, Midcontinent rift sys

tem: Wunderman. 

-Resistivity survey, buried bedrock valley, North
field area: Vick, I. 

-Resistivity survey, glacial outwash aquifer, Sher
burne County: Bassou; Gabanski. 

-Resistivity survey, joint measurements, Fillmore 
County: Leonard-Mayer, 1-2. 

-Resistivity survey, Koochiching County: 
Meineke,S. 

Electromagnetic studies. 
-Duluth Complex: Sellner, 2; Vadis, 1-2. 
--Glen Township Formation: Sellner, 2. 
--Greenwood Lake magnetic trend: Vadis, 1-2. 
-Koochiching County: Lawler; Meineke, 3-5; Sell-

ner, 2. 
-Lake County: Vadis, 1-2. 
-Magnetotelluric traverse, Midcontinent rift sys-

tem: Wunderman. 
-Northern Minnesota: Sellner, 2. 
Gravity data interpretation. 
-Cedar Mountain Complex: Beltrame, 1; Chandler, 

14. 
-Duluth Complex: Chandler, 16; Ferderer. 1-2. 
-East-central Minnesota: Carlson. 
-Lake Superior: Hinze; Weber, J.R. 
-Lake Superior region: Chandler, 15. 
-North American craton: Arvidson. 
-Proterozoic structural provinces: Dutch, 5. 
-Regional isostatic relations: Woollard. 
Gravity maps. 
--Great Lakes region: O'Hara, I. 
-Lake Superior region: Dutch, 3; O'Hara, 2. 
-Minnesota: American Geophysical Union; 

Chandler, 3; Hildenbrand, 2; Society of Explo
ration Geophysicists. 

-Northeastern Minnesota: Chandler, 17. 
-Southeastern Minnesota: Ervin. 
Heatflow: Reed. 
Koochiching County. geophysical prospecting: 

Lawler; Meineke, 3-5; Sellner, 2. 
Lake Superior and region: Harrison, W., 2; Stein

hart, 1. 
Magnetic anomalies: Airborne and ground surveys 

and maps. 
-Carlton County: Chandler. 5. 
-Cook County: Chandler, 6. 
-Duluth Complex: Sellner. 2; Vadis, 1-2. 
-East-central Minnesota: Aero Service Division, 3. 

10; Bendix. 4. 22; Chandler, 7,12,18. 
-Greenwood Lake magnetic trend: Vadis, 1-2. 
-Koochiching County: Meineke. 3-5; Sellner. 2. 
-Lake County: Chandler. 6; Johnson, B.T.; Vadis. 

1-2. 
-Lake Superior region: Dutch. 3; O'Hara, 2. 
-Minnesota: Chandler, 1; Hildenbrand. 1; Zietz, \-

2. 
-Minnesota surveying program summary: Chand

ler.2. 
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-Northeastern Minnesota: Aero Service Division, 
4-5,7, 11; Bendix, 1,9-11, 17,24; Chandler, 18; 
geoMetries, I; Sellner. 2; U.S. Geological Sur
vey, 1. 

-Northwestern Minnesota: Aero Service Division, 
1,6.8; Bendix, 2, 8, 12, 18,23. 

-Pine County: Chandler,S. 
-St. Louis County: Chandler, 8. 
-Southeastern Minnesota: Aero Service Division, 

9; Bendix,S. 13-14,20; geoMetries, 3-4. 
-Southwestern Minnesota: Bendix, 6, 15-16,21, 

25; geoMeaics. 2. 
-West-central Minnesota: Aero Service Division, 

2; Bendix. 3, 7,19; Chandler, 12. 
Magnetic anomalies: Data interpretation. 
-Aeromagnetic lineaments and bedrock geology, 

Hoyt Lakes-Kawishiwi area: Cooper, 1-3. 
-Buried Precambrian rocks, northern Midconti-

nent: Cannon. 2. 
-Duluth Complex: Chandler, 11, 16; Ferderer, 1-2. 
-East-central Minnesota: Carlson; Chandler, 9. 
-Kenora-Kabetogama dike swarm: Chandler, 19. 
-Keweenawan lavas: Bath. 
-Lake County: Johnson, B.T. 
-Lake Superior: Hinze. 
-Lake Superior region: Chandler, IS. 
-Lamprophyre dike in Saganaga tonalite batholith: 

O'Brien, H.E. 
-Midcontinent rift system: Chandler, 9; Prugger. 
-Minnesota Precambrian geology, selected areas: 

Chandler, 13. 
-Northeastern Minnesota: Chandler, 4, 10. 
-Northern Animikie basin: Chandler, 20. 
-Proterozoic structural provinces: Dutch,S. 
-United States, general: Sexton. 
Magnetic rock properties. 
-Density and magnetic susceptibility, Duluth Com

plex: Ferderer, 1-2. 
-Magnetic susceptibility, glacial till: Chernicoff, 5. 
-Magnetic susceptibility. lamprophyre dike: 

O'Brien, H.E. 
-Magnetization, Keweenawan lavas: Bath. 
Paleomagnetism. 
-Kenora-Kabetogama dike swarm: Chandler, 19; 

Halls, 4. 
-Keweenawan rocks: Green, 9, 11-12; Halls,S; 

Pesonen; Van der Voo; Watts, D.R. 
-Lamprophyre dike in Saganaga tonalite batholith: 

O'Brien, H.E. 
-Late Quaternary stream and lake sediments: John

son, L.D.; King, J.W., 1-3; Lund, 1-7; Sprowl, 1-
6. 

-Northwestern Duluth Complex: Chandler. II. 
-Dneota Dolomite: Jackson, M. 
-Postglacial Lake Superior sediment: Johnson, 

T.C.,3. 
-Post-Penokean intrusions, Minnesota River Val

ley: Cavanaugh. 1-3. 

Radiometric airborne and ground surveys and maps. 
-East-central Minnesota: Aero Service Division, 

3, 10; Bendix, 4, 22. 
-Natural-gamma borehole logs: Woodward, I. 
-Northeastern Minnesota: Aero Service Division, 

4-5, 7. 11; Bendix, I, 9-11, 17, 24; geoMetrics, 
I; Routledge. 

-Northwestern Minnesota: Aero Service Divi
sion, 1,6,8; Bendix, 2, 8, 12, 18,23. 

-Southeastern Minnesota: Aero Service Division. 
9; Bendix,S, 13-14,20; Delaney; geoMetrics, 3-
4; Woodward, I. 

-Southwestern Minnesota: Bendix, 6, 15-16,21, 
25; geoMetries, 2. 

-West-central Minnesota: Aero Service Division, 
2; Bendix, 3, 7,19; Texas Instruments,!. 

Relationships among remote-sensing and geophys
ical media: Southwick, 6. 

Seismic studies. 
-Buried bedrock topography, Cannon River sys

tem: Vick, 1-2. 
-Central Minnesota Seismic Array: Greenhalgh, 

1-2; Mooney, 1-2. 
-Crustal structure, COCORP Minnesota traverse: 

Gibbs, 1-2; Pierson, 1-2; Smithson. 
-Crustal structure, east-central Minnesota: Green

halgh, 1. 
-Crustal structure, Lake Superior: O'Brien, 

P.N.S. 
-Drift-filled bedrock valleys, Ramsey County: 

Woodward, 3. 
-Earthquakes: Algermissen; Evernden; 

Krinitzsky; Mooney, 1-2; Stover, 1-2. 
--Granite, St. Cloud area: Li. 
-Great Lakes tectonic zone: Brill; Mooney, 2; 

Pierson, 1-2. 
-Lake Superior: Berry; Johnson, T.e., 1; Land-

messer; Luetgert; O'Brien, P.N.S.; Wold, 2. 
-Midcontinent rift system: Mooney, 2. 
-Minnesota map: Stover, 1. 
-Northern Minnesota drilling project: Sellner, 2. 

Giants Range batholith/Granite (Archean). 
Argon ages: Hanson, G.N. 
Geologic mapping, Virginia-Biwabik area: Welsh. 
Potassium feldspars: Ludwig. 
Sulfate concentration and pH in overlying glacial 

deposits: Siegel, 1,6. 
Glacial geology. See also Glacial Lake Agassiz; Pale
oclimatology; Palynology; Quaternary; geographic ar
eas by name. 

Alexandria moraine: Crum. 1-2. 
Algona moraine: Kemmis. 
Anoka sand plain: Keen, 1-2. 
Deglaciation. 
-And biota change: Ashworth. 1-4; Jacobson; 

Morgan. A.V.; Schwert. 
-Recessional moraines beneath Lake Superior: 

Landmesser. 
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-Shoreline displacement, Lake Superior: Saar
nisto. 

Des Moines lobe: Cowdery; Jackson, J.L.; Kemmis; 
Moran, I; Teller, 6; W~ight, H.E., Jr., 5. 

Drainage patterns: Brophy; Clayton, 1-3; Drexler; 
Flock; Hobbs, 1-2;Kehew;Matsch,2-3;Teller, 1-
2,8-9. 

Geochronology. See Quaternary. 
Glacial overburden dumps, Mesabi range: Nater. 
Glacial Lake Superior (Glacial Lake Duluth): Clay-

ton, 1-3; Johnson, T.e., I; Teller, 2, 8-9. 
Glacial River Warren: Matsch, 2-3. 
Glacial Sheyenne River: Brophy. 
Grantsburg sublobe: Chernicoff, 1-5. 
Guide to recognizing glacial landforms: Matsch, I. 
Hubbard Countv, Williams Lake area: Seaberg. 
Itasca-St. Croix moraine area: Norton, 1-2. 
Koochiching County: Eng, 2. 
Kvlen Lake, St. Louis County: Birks, 2. 
L~ke Superior region: Farra~d, 1-2; Goebel, I. 
Late-Wisconsinan glacial phases: Attig; Clayton, 5. 
Laurentide ice sheet: Mickelson. 
Loess deposition, Midcontinent U.S.: Ruhe. 
Mankato drift: Wright, H.E., Jr., 6. 
Maps. See Quaternary. 
Midcontinelll North America: Moran, 2; Sardeson, 

4-6,9-10,12. 
Mississippi River valley: Baker; Lively, 6-7; Wright. 

H.E., Jr., 2. 
Norwood site, Siblev County: Ashworth, 4; Morgan, 

A.V.; Schwert. 
Paleoecology, Big Woods region: Grimm, 1-2. 
Paleoenvironments (late Pleistocene): Porter; Ruhe. 
Pleistocene meltwater recharge to Paleozoic 

aquifers: Siegel, 9-11. 
Red River lobe: Teller, 6. 
St. Croix moraine. 
-Sediments and interlobate relations: Norton, 1-2. 
-Structure and geomorphology: Hobbs, 3. 
Savanna Terrace: Flock. 
Scott County: Aronow; Meyer, G.N., l: Olsen, 

B.M.,3. 
Southeastern Minnesota: Hobbs, 5; Lueth. 
Superior lobe: Chernicoff. 1-5; Clayton, 4; Cow-

dery; Jackson, J.L.; Wright. H.E., Jr., 5. 
Supra- and proglacial sedimentation: Norton, 1-2. 
Till. 
-Block inclusions: Cowdery. 
-Kandiyohi County: Giencke. 
-Mississippi River valley: Wright, H.E., Jr., 2. 
-Orwell Lake, Otter Tail County: Reid, 1-2. 
-Pre-Wisconsinan, west-central Minnesota: 

Meyer, G.N., 2. 
-Stratigraphy, northeastern Minnesota: Gross, 1-2. 
-Stratigraphy, west-central Minnesota: Crum, 1-2. 
-Superior lobe and Grantsburg sublobe: Chern i-

coff,I-S. 
-Wadena: Meyer, G.N., 4. 

Twin Cities area: Meyer, G.N., 3. 
Two Harbors area: Gross, 1-2. 
Vegetation: Ashworth, 4; Birks, 1-2; Grim, 1-2; Ja

cobson; Watts, W.A. 
Wadena drumlin field: Baranowski; Goldstein, 1-2; 

Mills,H.H. 
Winona County: Hobbs, 4, 6. 
WolfCreek, Morrison County: Birks, I. 

Glacial Lake Agassiz. 
Areal geology: Teller, 7. 
Bibliography: Bannatyne. 
Drainage patterns: Clayton, 1-3; Drexler; Hobbs, 1-

2; Kehew; Matsch, 2-3; Teller, 1-2,8-9. 
Emerson phase: Bjorck. 
Extent: Teller, 10. 
History of research: Elson. 
Influence of Sheyenne River: Brophy. 
Peat: Rundell. 
Quaternary stratigraphy: Fenton, 1-2. 
Sourhern ourlet, Glacial River Warren: Matsch, 2-3. 
Theories {'fformation: Moran, I. 

Glacial Lake Agassiz plain, See also Northwestern 
Minnesota. 

Bedrock geologic map: Teller, 4. 
Geologic setting: Teller, 3, 5, 7. 
Late- and postglacial paleoecology: Ashworth, 1-3. 
Origin of reticulate and orbicular patterns: Mollard. 
Peat: Boldt; Eng, 1; Glaser; Griffin; Janssens; 

Siegel, 4-5; Wright, H.E., Jr., 3-4. 
Quaternary stratigraphy: Fenton, 1-2. 
Surficial geology: Eng, I. 

Glacial lakes and rivers. See Glacial geology; Glacial 
Lake Agassiz. 
Glen Township Formation (Early Proterozoic). 

Electromagnetic survey: Sellner, 2. 
Geochemisty and petrology: Eldougdoug, 1-4. 
Potential for strata-bound gold deposits: Eldoug-

doug, 1-4; Sellner, 2. 
Glenwood Formation (Ordovician). 

Chitinozoans: Cutler. 
Gold, See also Economic geology; Exploration. 

Geochemical investigations: Eldougdoug, 1-4; 
Lawler; Seeland, 1-2; Sellner, 2. 

Geophysical investigations: Lawler: Sellner, 2. 
Glen Township Formation: Eldougdoug, 1-4; Sell

ner,2. 
Lake Superior region reconnaissance. sedimentary 

and metamorphic rocks: Seeland, 1-2. 
Minnesota, general discussion: Splettstoesser. 
Ranier area, Koochiching Count\': Lawler: Sellner, 

2. 
Goodhue County, See also Mississippi River valley. 

Sogn quadrangle, Ordovician stratigraphv: San
some, I. 

Gravity, See Geophysical investigations. 
Great Lakes tectonic zone, See also Tectonics. 

Colorado Lineament link: Brill; Dutch, I; Warner, 
1-2. 

Drilling program: Southwick, 1,3. 
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Relation to seismicity: Mooney. 2. 
Relationship of sedimentary-volcanic basins and 

basement rocks: Sims, 6. 
Seismic study: Pierson. 1-2. 

Greenhorn Formation. See Cretaceous rocks. 
Greenwood Lake magnetic trend. See Lake County. 
Ground water. See also Franconia-Ironton-Galesville 
aquifer; Hydrogeochemistry; Mt. Simon-Hinckley 
aquifer: Prairie du Chien-Jordan aquifer; St. Peter 
aquifer: Water quality; Water resources; geographic ar
eas by name. 

Aquifer thermal energy storage (ATES) project, St. 
Paul. See Seasonal thermal energy storage 
(STES). 

Aquifer utilization, southeastern Minnesota: Wood
ward,4. 

Bedrock aquifers: Kanivetsky, I, 3; Minnesota De
partment of Natural Resources, Division of Wa
ters; Woodward, I. 

Buffalo aquifer: Wolf, R.J., I. 
Buried aquifers, west-central Minnesota: Miller, 

R.T., 1-2. 
Cretaceous aquifers: Anderson. H. W., Jr. 
Crystalline rocks: Harrison. W., 2. 
Drift aquifers: Minnesota Department of Natural Re

sources, Division of Waters. 
Drift-filled bedrock valley, Ramsey County: Wood

ward. 3. 
Glacial outwash aquifer, Sherburne County: Bas

sou; Gabanski. 
Lac Qui Parle County: Fax. 
Minnesota, general discussion: Adolphson. 2: 

Bruemmer, 2; Woodward. 2. 
Movement. 
-Crude oil contamination site, Beltrami County: 

Eames; Hult, 2. 
-Dye tracing: Book; Mohring, 1-2. 
-Flow models: Schoenberg. 3-4. 
-Glacial Lake Agassiz peatlands: Boldt. 
-Hollandale embayment: Delin. 
-Lake and ground-water interaction: Brugam; Er-

ickson, D.R., 1-2; Ferguson; Goudreault; 
Groschen, 1-2; Karls; LaBaugh; Rosenberry; 
Seaberg; Trotman: Winter, 2-4. 

-Lake-level fluctuations, Big Marine Lake: Brown, 
R.G.,2. 

-Pelican River sand-plain aquifer: Miller, R.T., 1-
2. 

-Pleistocene meltwater recharge to Paleozoic 
aquifers: Siegel. 9-11. 

-Regional U.S. aquifers: Signor. 
-Surficial aquifer, Sherburne County: Brown, 

R.G., I. 
-Twin Cities area: Ferguson; Goudreault; Guswa; 

Schoenberg, 1-4; Trotman. 
-Williams Lake: Erickson, D.R., 1-2; Groschen, 1-

2: Karls: LaBaugh; Rosenberry; Seaberg. 
Peatlands hydrogeology: Boldt; Siegel, 4-5, 8. 

Pollution. See Pollution. 
Potentiometric surface, southeastern Minnesota 

aquifers: Woodward, 5. 
Productive aquifers of u.s.: McGuinness. 
Regional classifications: Heath. 
Scott County: Kanivetsky, 7. 
SUlficial aquifers. 
-Outwash aquifers, central Minnesota: Myette, 2. 
-Sand aquifers, central Minnesota: Lindholm; 

Miller, R.T., 1-2; Myette, 1,3; Soukup. 
-Sherburne County: Brown, R.G., I. 
-Southwestern Minnesota: Adolphson, I. 
Twin Cities area: Ferguson; Goudreault: Guswa; 

Horn. 1-2; Labno; Schoenberg, 1-4: Trotman; 
Woodward,3. 

Waste management facilities: Alexander, II; 
Blomquist; Labno. 

Winona County: Kanivetsky. 4. 
Guidebooks. 

Central Minnesota: Hoagberg, I. 
East-central Minnesota, Precambrian geology: 

Craddock. 
International Falls-Kabetogama area: Ojakangas, 

7. 
Layman's guide to geologic features of state: San-

some, I. 
Minnesota regional compilation: Phinney. 
Minnesota River Valley: Parham; Weiblen, 4. 
North-central Minnesota: Sims, 7. 
Northeastern Minnesota: Green, 14. 
Northwestern Minnesota: Wright, H.E., Jr., I. 
Sioux Quartzite: Bretz. 
Southeastern Minnesota: Sloan, I; Wolf, R.C. 
Southwestern Minnesota: Austin; Bretz. 
Twin Cities area: Stone, J .E., 2. 

Gunflint Iron Formation (Early Proterozoic). See 
also Animikie basin; Iron-formations. 

Age: Purucker. 
Contact metamorphism: Vaniman. 
Origin: Hutchison. 

Gunflint range. See also Animikie Group; Cuyuna 
range; Mesabi range. 

Exploration geochemistry: Morey, 18. 
Hazardous waste disposal. See also Pollution; St. 
Louis Park creosote plant site. 

In glaciated terrain, Rosemount: Labno. 
Hennepin County. See Mississippi River valley; St. 
Louis Park creosote plant site; Twin Cities Metropoli
tan Area. 
Hillman Migmatite (Archean). 

Metamorphic petrology: Tasker. 
Hinckley aquifer. See Mt. Simon-Hinckley aquifer. 
Hinckley Sandstone (Middle Proterozoic). See also 
Keweenawan rocks. 

Maps, lithostratigraphic and pre-Hinckley bedrock 
surface: MossIer, 2. 

Stratigraphy and sedimentology: Morey, 19: 
Ojakangas, 10. 
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Holocene. See Quaternary. 
Hollandale embayment. See Paleozoic rocks; South
eastern Minnesota. 
Hoyt Lakes·Kawishiwi area. See also Northeastern 
Minnesota. 

Aeromagnetic lineaments and bedrock geology: 
Cooper, J-3. 

Basalt inclusion: Dunlavey. 
Hubbard County. 

Glacial geology, Williams Lake area: Seaberg. 
Ground-water and water-quality assessment: 

Myette, J, 3. 
Williams Lake area, hydrogeologic studies: Erick

son, D.R .. 1-2; Groschen, 1-2; Karls; LaBaugh; 
Rosenberry; Seaberg. 

Hundred Acre pluton. See SI. Cloud Granite. 
Hydrocarbons. See Oil and gas. 
Hydrogeochemistry. See also geographic areas by 
name. 

Basal contact, Sioux Quartzite: Southwick, 7. 
Bedrock aquifers: Kanivetsky, I, 3. 
Boundary Waters Canoe Area: Mal ander, 1-2. 
Cretaceous aquifers: Anderson, H. W. , Ir. 
Degradation of coal-tar contaminants, St. Louis 

Park creosote plant site: Ehrlich; Hult, I, 3-4; 
Rostad. 

Filson Creek watershed. 
-Silicate weathering in a gabbroic watershed: 

Siegel, 2-3, 7,12. 
-Sulfate concentration and pH during snowmelt: 

Siegel, 1,6. 
Geochemical atlas, east-central Minnesota: Lively, 

10. 
Glacial meltwater recharge to Paleozoic aquifers: 

Siegel,9-11. 
Ground- and lake-water geochemistry: Brugam; 

Gorham; Groschen, 1-2; LaBaugh. 
Ground-water and stream-sediment, surveys, ura

nium resource evaluation: Delaney; Morey, 23; 
Oak Ridge, 1-5; Routledge; Southwick, 8; Texas 
Instruments, 1-2. 

Heat-induced physiochemical changes, St. Paul 
aquifer thermal energy storage project: Blair, 1-6; 
Kanivetsky, 6; Lee, H.C. 

Isotopes, ground water: Alexander, 12; Hart; Ma-
lander, 1-2; Siegel. 9·11. 

Lake Superior: Hart. 
Lost River pearland: Siegel, 8. 
Radon activity in grollnd \·vater: Lively, 1-2,9, II; 

Morey, 23; Southwick, 8. 
Solution-mineral equilibria: Shettei. 
Well-water geochemical survey: Beckwith. 

Hydrogeology. See Ground water; Hydrogeochem
istry. 
Igneous petrology. See Petrology. igneous. 
INCO. See Duluth Complex, mineral prospects. 
Indexes. See Bibliographies and indexes. 
Induced polarization. See Geophysical investiga
tions, electrical studies. 

Industrial minerals. See Economic geology. 
Intrusions. See Cedar Mountain Complex; Duluth 
Complex; Endion sill; Kenora-Kabetogama dike 
swarm; Lamprophyres; Logan intrusions; Partridge 
River troctolite; South Kawishiwi intrusion; Vermilion 
Granitic Complex; other rock units by name. 
Iron-formations. See also Biwabik Iron Formation; 
Gunflint Iron Formation; Rabbit Lake Formation; Rove 
Formation; Soudan Iron Formation; Thomson Forma
tion; Trommald Formation; Virginia Formation. 

Age: James. 
Diagenesis and metamorphism: Klein. 
Gold: Eldougdoug, 1-4. 
Minnesota iron ranges (summary): Lepp. 
Ore deposits map: Carr. 
Origin: Eichler; Hutchison; Lougheed; Simonson. 
Paleontology and paleoecology: Tyler; Walter. 
Precambrian: Eichler; Eldougdoug. 1-4; Gole; 

Hutchison; James; Klein; Lougheed; Simonson; 
Walter; Wildeman. 

Rare earths: Wildeman. 
Tower-Soudan mine tour: Olsen, D.K. 

Iron ore. See Economic geology; Iron-formations. 
Iron ranges. See also Cuyuna range; Gunflint range; 
Mesabi range; Vermilion iron range. 

Summary: Lepp. 
Ironton aquifer. See Franconia-Ironton-Galesville 
aquifer; Ground water. 
Ironton Sandstone (Cambrian). 

Lithostratigraphic map: MossIer, 2. 
Isotopes. See Geochemical investigations; 
Geochronology; Hydrogeochemistry. 
Itasca County. 

Archean rocks, Deer Lake area: Nicol. 
Jordan aquifer. See Prairie du Chien-Jordan aquifer. 
Jordan Sandstone (Cambrian). 

Lithostratigraphic map: MossIer, 2. 
Kandiyohi County. 

Glacial till: Giencke. 
Kaolin clay. See Clay. 
Karst. 

Caves: Alexander, 1-8; Milske, 1-4; Spong. 
Dye tracing, ground-water flow: Book; Mohring, 1-

2. 
Mississippi River valley: Alexander. 10; Lively. 6-7. 
Radon in karst ground water: Lively, 2. 
Sinkholes. 
-Distribution, Winona County: Dalgleish, 1-3. 
-Fillmore County: Downes. 
-Formation: Alexander, II. 
Southeastern Minnesota. review: Wopal. 
Speleothem geochronology: Alexander. 5; Lively, 3-

4.8; Milske, 1-4. 
Upper carbonate (Ordovician) sedimentarv rocks: 

Mohring, 1-2. -
Water quality: SI. Ores. 
Well construction: Little, 2. 

Kenora-Kabetogama dike swarm. 
General: Halls, 3; Southwick, 5. 
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Geochemical and geophysical investigation: Chand
ler,19. 

Paleomagnetism: Chandler, 19; Halls, 4. 
Petrography: Southwick, 4. 

Keweenawan rift. See Midcontinent rift system. 
Keweenawan rocks. See also Beaver Bay Complex; 
Duluth Complex; Endion sill; Fond du Lac Formation; 
Hinckley Sandstone; Lake Superior region; Logan in
trusions; Midcontinent rift system; Northeastern Min
nesota; North Shore Volcanic Group; Partridge River 
troctolite (intrusion); Puckwunge Formation; Solor 
Church Formation; South Kawishiwi intrusion. 

Areal geology: Halls, I; Wallace; Wold, I. 
Change from wrenchfaulting to rifting: Weiblen, I. 
Dike swarms: Green, 2, 9,11-12. 
Geochemistry: Basaltic Volcanism Study Project; 

Dosso, 1-4; Green, 2, 6-7, 9,11; Seifert, 1-2; 
Weiblen.2. 

Geochronology, summary: Van Schmus. 6. 
Igneous intrusions: Seifert, 1-2; Weiblen, 2. 
Magmatism: Green, 6. 
Magnetization: Bath. 
Paleomagnetism: Green, 9, 11-12; Halls,S; 

Pesonen; Van der Voo; Watts, D.R. 
Sedimentary rocks: Morey, 19; Ojakangas, 9-11. 
-Interflow units, provenance and tectonic infer

ences: Jirsa, I; Merk, 1-2. 
Stratigraphic correlation: Bergstrom; Morey, 15, 

19. 
Structure: Davidson, 2; Holst. 14. 
Volcanism: Basaltic Volcanism Study Project; 

Dosso. 1-4; Green. 1,4,8,10; White, W.S., 2. 
Knife Lake Group (Archean). 

Sedimentology: Flood, 1-3; Ojakangas, 6. 
Koochiching County. 

Exploration geochemistry: Lawler; Meineke, I; 
Sellner, 2. 

Geophysical prospecting: Lawler; Meineke, 3-5; 
Sellner, 2. 

Peat resource inventory: Severson. 
Ranier area. 
-Exploration geochemistry: Lawler; Sellner, 2. 
-Exploration geophysics: Lawler; Sellner, 2. 
-Gold potential: Lawler; Sellner. 2. 
Surficial geology map: Eng. 2. 

Koppers Coke Plant. See Pollution, St. Paul Coke 
Plant. 

Kylen Lake. See St. Louis County. 
Lac Qui Parle County. 

Ground-water investigation: Fax. 
Lake Agassiz; Lake Agassiz plain. See Glacial Lake 
Agassiz; Glacial Lake Agassiz plain. 
Lake County. 

Aeromagnetic anomaly map: Chandler, 6. 
Disappointment Lake area. areal geology: Wishart. 
Ely quadrangle. bedrock map: Green. 13. 
Forest Center NW quadrangle, structure: Mullen

meister.2. 

Friday Bay quadrangle, bedrock geology: Wirth 
Geophysical prospecting: Vadis, 1-2. 
Greenwood Lake magnetic trend: Vadis, 1-2. 
Jackfish Lake quadrangle, geologic and structural 

mapping: Kaszuba. 
Lake-sediment geochemical survey: Vadis, 1,3. 
Milepost 7 area, areal geology: Green. 5. 
Silver Bay area, magnetic survey and interpretation: 

Johnson, B.T. 
Snowbank Lake quadrangle, Duluth Complex rocks: 

Miller, J.D .. Jr., 1-3. 
Split Rock. trace-element geochemistry: Pinson. 

Lake of the Woods County. 
Peat resources inventory: Minnesota Department of 

Natural Resources, Division of Minerals. 2. 
Lakes. See also Lake Superior; geographic areas by 
name. 

Geochemistry. See Hydrogeochemistry. 
Glacial. See Glacial geology; Glacial Lake Agassiz. 
And ground water. See Ground water, movement. 
Hydrologic setting: Winter. 2-4. 
Sediments. See Lake Superior; Sedimentology, 

stream and lake sediments. 
Lake St. Croix. See Washington County. 
Lake Superior. 

Crustal structure: Berry. 
Glacial Lake Superior drainage patterns: Clayton, 

1-3; Drexler; Teller, 2. 8-9. 
Gravity data interpretation: Hinze; Weber, J.R. 
Hydrogeochemistry: Hart. 
Magnetic data interpretation: Hinze. 
Postglacial shorelines: Saarnisto. 
Recessional moraines beneath Lake Superior: Land-

messer. 
Sedimentology. 
-Isotope geochemistry: Hart. 
-Late-glacial: Johnson, T.C., I. 
-Organic: Johnson, T.e., 2; Thayer. 
-Paleomagnetism: Johnson, T.e., 3. 
-Post-glacial: Johnson. T.e., 1,3. 
-Rates of deposition: Evans. 
Seismic studies: Berry; Johnson, T.C .. I; Land

messer; Luetgert; O'Brien, P.N.S.; Wold. 2. 
Western basin structure: Luetgert. 

Lake Superior region. See also Keweenawan rocks; 
Midcontinent region; Midcontinent rift system; Minne
sota; Northeastern Minnesota. 

Agate collecting: Brockett; Brummer. 1-2; Lapidary 
Journal. 

Areal geology: Wold, I. 
-Pioneering geologic survey: Bayfield. 
Bedrock geologic map: Morey, 21. 
Bedrock topography: Wold, 2. 
Crustal studies: Davidson, 2; Halls, 2; O'Brien, 

P.N.S.; White, W.S .. I. 
Crystalline rocks: Harrison, W .• 1-2. 
Early Proterozoic geology: Medaris; Van Schmus. 

2. 
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Economic geology. 
-Geochemical reconnaissance for gold: Seeland, 1-

2. 
-Iron and copper ranges: Poss. 
-Metallogeny, Precambrian rocks: Franklin; Mu-

drey, 2-3; Sims, 2, 4. 
-Mineral resources: Harrison, W., 2. 
Extension of Precambrian rocks into subsUlface: 

Sims, 1. 
Geophvsical investigations: Harrison, W., 2; Stein

hart, 1. 
-Correlation of gravity and magnetic anomalies: 

Chandler, 15. 
-Gravity and magnetic maps: O'Hara, 1-2. 
-Seismic reflection profiles: Wold, 2; O'Brien, 

P.N.S. 
Ground water: Harrison, W., 2. 
Middle Proterozoic geology: Van Schmus, 2. 
Quaternarv geology. 
-Late Quaternary evolution of basin: Farrand, 1. 
-Late Wisconsinan glacial phases: Attig. 
-Quaternary geologic map: Farrand, 2. 
-Recessional moraines: Landmesser. 
Sedimentation, Early Proterozoic: Larue, 1-2; 

Morey, 9; Ojakangas, 3-4, 9-11; Young, G.M. 
Stratigraphic correlation, Precambrian rocks: 

Bergstrom; Morey, 14-15. 
Structure: Davidson, 2; Dutch, 2-3, 5; Steinhart, 2. 
Tectonics: Baragar; Dutch, 1-4; Sims, 6, 9; Wold, 1: 

Young, G.M. 
Lake Vermilion Formation (Archean). 

Ely greenstone belt: Grimes; Robinson. 
Geochemistry: Grimes; Robinson. 
Sedimentology: Ojakangas, 6. 

Lamprophyres. 
Dike in Saganaga batholith (Tonalite): O'Brien, 

H.E. 
Geochemistry: Schulz, K.J., 2. 

Land use. 
East-central Minnesota: U.S. Geological Survey, 2. 
Mesabi range, glacial overburden and ore tailings 

dumps: Nater. 
Northeastern Minnesota: U.S. Geological Survey, 

8-10, 12,20. 
Northwestern Minnesota: U.S. Geological Survey, 

3-4,7,17. 
Southeastern Minnesota: U.S. Geological Survey, 

18-19. 
Southwestern Minnesota: U.S. Geological Survey, 

6,14,21-23. 
West-central Minnesota: U.S. Geological Survey,S, 

11. 
Laurentide ice sheet. See Glacial geology. 
Lincoln County. 

Cretaceous rocks: Poppe. 
Lineaments. 

Duluth Complex: Cooper, 1-3. 
LANDSAT topographic and geophysical lineaments: 

Dutch,3. 

Maps. 
-Hibbing sheet: Heutmaker. 
-International Falls sheet: Morey, 17. 
-Lake Superior region: Dutch, 3. 
-Two Harbors sheet: Morey, 3. 

Loess. See Glacial geology. 
Logan intrusions (Middle Proterozoic). See also Ke
weenawan rocks. 

Igneous petrology: Jones. 
Longnose peridotite deposit. See Duluth Complex, 
intrusions. 
Lower (Early) Proterozoic rocks. See Proterozoic. 
Magnetic anomalies; Magnetic rock properties. See 
Geophysical investigations. 
Manganese. See Economic geology. 
Maps. See Quaternary; Minnesota; other geographic 
areas by name. 
Maquoketa Formation (Ordovician). 

Lithostratigraphic map: Mossier, 2. 
Mazomanie Member. See Franconia Formation. 
McGrath Gneiss (Archean). 

Areal geology: Neumann. 
Involvement in Penokean deformation: Holst, 10. 

Mesabi range. See also Animikie Group; Biwabik Iron 
Formation; Cuyuna range; Gunflint range; Pokegama 
Quartzite; Virginia Formation. 

Age of soft ore: Purucker. 
Cretaceous paleontologv: Cobban, 1-2; Erickson, 

B .R., 2-3; Minnesota Volunteer. 
Dunka pit area, Keweenawan deformalion: Holst, 

14. 
Exploration geochemistry: Morey, 18. 
Glacial overburden and ore tailings dumps: Nater. 
Iron ore resen'es: Jacobs; Marsden. 

Metadiabase near Watab (Early Proterozoic). 
Petrology: Dacre, 1. 
Stratigraphic nomenclature: Dacre, 2. 

Metallogeny. See Economic geology. 
Metamorphic petrology. See Petrology, metamor
phic. 
Microprobe analysis. See Electron microprobe analy
sis. 
Midcontinent Gravity High. See Midcontinent rift 
system. 
Midcontinent region, North America. See also Lake 
Superior region; Minnesota. 

Gra"itv studies of the craton: Arvidson. 
Magnetic study, buried Precambrian rocks: Can

non, 2. 
Precambrian basement map: Sims, 5. 
Precambrian geochronology: Muehlberger; Van 

Schmus, 1-7. 
Proterozoic strucrural provinces: Dutch,S. 
Quaternary stratigraphy and histone Moran, 2; 

Sardeson, 4-6, 9-10,12. . 
Stratigraphic correlation: Bergstrom. 

Midcontinent rift system. See also Keweenawan 
rocks; Tectonics. 
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Ancestral structures: Klasner; Weiblen. 7. 
Anomalous geomagnetic variation fields: Prugger. 
Basalts, other volcanic rocks, and rifting: Basaltic 

Volcanism Study Project; Dosso. 1-4; Green, 1,4, 
7-8.10; White. W.S., 2. 

Development models: Anderson. S.L.: Chandler, 9; 
Green, 1.e.. 1,7.9. II; Keller, G.R.: Klasner; 
Van Schmus, 7; Weiblen. 3. 6-7: Yaghubpur. 

Dike swarms: Green. 2. 9, 11-12. 
General rel'iew: Van Schmus. 7. 
Geochronology: Van Schmus. 6. 
Gral'ity and magnetic anomalies: Prugger. 
Hydrocarbon potential: Dickas. 1-3; Hatch. 1-2; 

Lee, C.K., 1-3. 
Influence of pre-Keweenawan tectonics: Klasner; 

Weiblen, 7. 
Lithic-tectonic assemblages: Weiblen, 7. 
Magnetotelluric studies: Wunderman. 
Magnitude and direction of crustal spreading: 

Chandler, 9. 
Metallogeny: Franklin. 
Paleomagnetism: Green. 9, 11-12: Halls, 5; 

Pesonen; Van der Voo; Watts, D.R. 
Relation of tectonics to seismicity: Mooney, 2. 
Role of rifting on regional tectonic development: 

Keller. G.R. 
Sedimentology and tectonism: Morey, 19; Ojakan

gas, 9-10. 
Similarities with other rift systems: Weiblen, 3, 6; 

Yaghubpur. 
Tectonic studies: Bagdadi, 1-2. 
Wilson cycle approach: Anderson, S.L. 

Midcontinent Strategic and Critical Minerals 
(SCM) Project: Pratt. 
Middle Proterozoic rocks. See Proterozoic. 
Milepost 7. See Lake County. 
Mille Lacs Group (Early Proterozoic). 

Stratigraphy: Morey, 7,9. 
Uranium potential: Morey, 23. 

Mineral collecting. See Mineralogy. 
Mineralogy. 

Crystal systematics. 
-Amphibole mineralogy: Stevenson, 1-2. 
-Amygdule minerals: Schmidt. 
-Arsenide minerals: Ryan. P.l.; Sabelin. I. 
-Crystal structure, plagioclase: Carpenter. 
-Mesolite from Carlton Peak: Nawaz. 
Mineral collecting. 
-Agates, Lake Superior: Brockett; Brummer. 1-2; 

Lapidary 10urnal. 
-Agates, west-central Minnesota: Hockett. 
-Miscellaneous: Dahlberg, 1. e. 
-Staurolite outcrop: Sloan. 3. 
- Thomsonite: Person. 
Mineral sl'stems. See Petrology. 

Mineral resources. See also Economic geology. 
Crystalline rocks, Lake Superior region: Harrison, 

W .. 2. 

Directories of producers. 
-Industrial minerals: Lipp, 1-2,4.7. 
-Iron are, copper-nickel, and taconite: Lipp. 3, 5-

6,8; Trethewey, 1-2. 
Manganese: Beltrame, 2-4. 
Midcontinent Strategic and Critical Minerals (SCM) 

Project: Pratt. 
Mineral industry, yearly statewide activity sum

maries: Aase, 1-5; Briggs. 
Ore mineral occurrences, drill cores and testpits, 

statewide compilation: Martin. 
MINESITE. See Computer methods and applications. 
Mining directories. See Mineral resources, directories 
of producers. 
MINNAMAX. See Duluth Complex. mineral 
prospects; Economic geology, mineral prospects. 
Minneapolis. See Twin Cities Metropolitan Area. 
Minnesota. See also Lake Superior region; Midconti
nent region. North America. 

Aeromagnetic surveying program: Chandler. 2. 
-Interpretation of selected Precambrian terranes: 

Chandler, 13. 
Areal geology: Ojakangas. 8. 
Bedrock geologic terranes: Morey, 2, 4. 
Field trips: Phinney; Sansome, 2. 
Gold, general discussion: Splettstoesser. 
Ground water, general discussions: Bruemmer, 2; 

Woodward, 2. 
Hydrologic settings of lakes: Winter, 2-4. 
Industrial minerals directories: Lipp, 1-2,4,7. 
Iron ranges (layman's descriptions): Lepp. 
Maps. See also other geographic areas by name. 
-Aquifers, U.S.: McGuinness. 
-Basement, U.S.: Bayley. 
-Bedrock geologic, U.S.: King, P.B., 2. 
-Bedrock outcrops: Morey, I. 
-Bedrock topography: Olsen, B.M., 7. 
-Depth to bedrock: Olsen, B.M., 8. 
-Elevation, U.S.: Diment; Godson. 
-Geologic highway map, Great Plains region: 

American Association of Petroleum Geologists. 
-Geologic map index: McIntosh; Wahl. 
-Gravity: American Geophysical Union; Chandler, 

3; Hildenbrand, 2; Society of Exploration 
Geophysicists. 

-High-alumina kaolinitic clay. U.S.: Mark. 
-Iron are. U.S.: Carr. 
-Landslide overview, U. S.: Radbruch-Hall. 
-Magnetic: Chandler, 1; Hildenbrand, 1; Sexton; 

Zietz, 1-2. 
-Quaternary geology: Goebel, 1; Hobbs, 7. 
-Seismicity: Algermissen; Stover. 1. 
-Tectonics, North America: King. P.B .• I. 
-Titanium, U.S.: Rogers, e.L. 
-Vertical movement, U.S.: Gable. 
Mineral collecting. See Mineralogy. 
Mineral industry reports: Aase, 1-5; Briggs. 
Mining directories: Lipp, 3, 5-6, 8; Trethewey, 1-2. 



Oil am! gas occurrence and exploration history: 
Morey, 10-11. 

Ore minerals in drill cores and testpits: Martin, 
Peat: Cameron; Malterer, 1; Nicols, 
Public Geologic Sample Program results: Morey, 

18, 
Radon in ground water: Lively, I, 
Water quality: Adolphson, 2; Bruemmer, 2; Winter, 

I. 
Water resources: Adolphson, 2; Bruemmer. 2; 

McGuinness; Minnesota Department of Natural 
Resources, Division of Waters; Woodward, 2, 

Minnesota Geological Survey, 
Bibliography of publications: Swanson, 

Minnesota River Valley, See also Montevideo Gneiss; 
Morton Gneiss; Sacred Heart Granite; Southwestern 
Minnesota, 

Basalts: Schulz, K. 1.. 3, 
Cedar Mountain Complex: Beltrame, 1: Chandler. 

14; Daggett, 
Core drilling in gneiss: Walton, 6, 13, 
Geochemistry: Wilson, W,E. 
Geochronology: Wilson, W,E. 
-Argon ages: Tsunakawa, 
-Uranium-series, Pleistocene: Lively, 5, 
-Zircon ages: Michard-Vitrac; Williams, 
Guidebooks: Parham; Weiblen, 4, 
Igneous petrology, Daggett; Schulz, K,1., 3, 
Kaolin clav: Murray, 
Metamorphic petrologv: Grant, J,A. 
-Thermometry and barometry: Leier; Moecher, 1-

3; Perkins, D" ilL 
Paleomagnetism, post-Penokean illtrusions: Ca

vanaugh, 
Teacher's guide: Parham, 

Mississippi River valley, See also Southeastern Min
nesota, 

Buried ancestral valleys: Baker; Olsen, B,M" 7, 
Geomorphic history: Olsen, B,M" 6, 
Glacial drainage patterns: Clayton, 2; Flock. 
Late-Wisconsinan Sa\'anl1a Terrace: Flock. 
Pleistocene histon: Lively, 6-7; Wright, H,E" Jr.. 

2, 
Preglacial drainage patterns: Bray, 

Montevideo Gneiss (Archean), See also Minnesota 
River Valley, 

Geochronology: Tsunakawa, 
MetalnO/phic petrology: Grant, LA, 

Morrison County. See also Mississippi River valley, 
Ground l\'ater: Myette, 1-3, 
Water quality: Myette, 1,3, 
WolfCreek, 
-Late-Wisconsinan vegetational history: Birks. 1, 
-Sediment paleomagnetism: Johnson, L.D, 

Morton Gneiss (Archean). See also Minnesota River 
Valley, 

Geocizronolog,'>': Michard- Vitrae; Tsunakawa; 
Williams, 

Metamorphic petrology: Grant, J.A, 
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Mosbeck site. See Pennington County, 
Mt. Simon-Hinckley aquifer, See also Ground water. 

Hvdrogeology: Wolf, RJ" 2, 
Isotopic studies: Alexander, 12, 
Water levels: Schoenberg, 1-2. 
Water quality: Wolf, R.L, 2, 

Mt. Simon Sandstone (Cambrian), 
Lithostratigraphic map: MossIer, 2, 

Mystery Cave. See Caves, Fillmore County, 
Natural gas. See Oil and gas. 
New Richmond Sandstone Member. See Prairie du 
Chien Group, Shakopee Formation, 
Newton Lake Formation (Archean), 

Structural geology and ore petrology: Yeomans, 
Nickel. See Duluth Complex, copper-nickeL Eco
nomic geology, copper-nickel mineralization, 
Niobrara Formation, See Cretaceous rocks. 
Nomenclature, stratigraphic, See Stratigraphic 
nomenclature. 
North American midcontinent region. See Midconti
nent region, North America, 
Northeastern Minnesota. See also counties and 
specific rock units by name; Gunflint range; Hoyt 
Lakes-Kawishiwi area; Lake Superior region; Mesabi 
range; Vermilion district; Vermilion iron range, 

Boundary Waters Canoe area, 
-Areal geology: Flood, 1-3, 
-Hydrogeochemistry: Malander, 1-2, 
Filson Creek watershed, 
-Silicate weathering, gabbro-bearing watershed: 

Siegel, 2-3. 7. 12, 
-Sulfate concentration and pH during snowmelt: 

Siegel. 1,6. 
Geophysical inl'estigations, 
-Aerial radiometric surveys and maps: Aero Ser

vice Division. 4-5, 7, 11; Bendix, I. 9-11. 17,24; 
geoMetrics, 1; Routledge, 

-Aeromagnetic surveys and anomaly maps: Aero 
Service Division, 4-5, 7, 1 L Bendix, I. 9-11, 17, 
24; Chandler, 18; geoMetrics, I; Sellner, 2; U,S, 
Geological Survey, 1, 

-Bouguer gravity map: Chandler, 17. 
-Electromagnetic survey: Sellner, 2, 
-Interpretation of aeromagnetic data: Chandler, 4. 

10.16, 
Ground-I1'ater and stream-sediment geochemical 

Sllrl'ev: Routledge. 
International Falls-Kabetogama area, Archean ge

ology: Ojakangas, 7. 
Itasca-St. Croix moraine area: Norton, 1-2, 
Land-use and land-co\'er maps: U,S, Geological 

Survey, 8-10,12,20, 
Lost Ril'er peat land, hydrogeologv and geoclzem-

istrv: Siegel. 8, 
Lineament maps, 
-Hibbing sheet: Heutmaker. 
-International Falls sheet: Morey, 17, 
-Two Harbors sheet: Morey, 3. 
Teacher's guide: Green, 14; Sims, 7, 
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TOI1'er-Soudan mine tour: Olsen, O.K. 
Two Harbors sheet, bedrock geologic map: Green, 

3. 
Waterqualiry: Siegel, 1-3,6-7,12. 

Northern Minnesota, See Northeastern Minnesota; 
Northwestern Minnesota; counties and rock units by 
name; Rainy Lake area. 
North Shore, See Lake Superior region; Northeastern 
Minnesota. 
North Shore Volcanic Group (Middle Proterozoic). 
See also Keweenawan rocks. 

Amvgdule minerals: Schmidt. 
Duluth area, areal geology: Motamedi. 
Geochemistrv of lava fiolt's: Basaltic Volcanism 

Study Project; Brannon, 1-3; Green, 7. 
f gnimbrites: Fitz. 
fnte/flow sedimentary rocks: Jirsa, 1; Merk, 1-2. 
Petrology: Brannon, 1-3. 
Physical volcanology: Green, 8, 10. 

Northwestern Minnesota, See also counties and 
specific rock units by name; Glacial Lake Agassiz 
plain; Red River Valley. 

Bedrock geologic map: Teller, 4. 
Elk Lake sediments. 
-Classification: Anderson, R.Y. 
-Paleomagnetic record: King, I.W., I; Sprowl, 1-

3,5-6. 
Geophvsical investigations. 
-Aerial radiometric surveys and maps: Aero Ser

vice Division, 1,6,8; Bendix, 2, 8,12,18,23. 
-Aeromagnetic surveys and maps: Aero Service 

Division, 1,6.8; Bendix, 2. 8,12,18,23. 
-Electromagnetic survey: Sellner, 2. 
Glacial geologv: Bjork. 
-Itasca-St. Croix moraine area: Norton, 1-2. 
Grollnd-water and stream-sediment geochemical 

survey: Oak Ridge, 2, 4. 
Land-lise and land-cover maps: U.S. Geological 

Survey, 3-4, 7, 17. 
Lost River peatland, hydrogeology and geochem

istry: Siegel, 8. 
Teacher's guide: Wright, H.E., Jr., I. 

Norwood site. See Sibley County. 
Nuclear waste disposal. See Radioactive waste dis
posal, high-level wastes. 
Oil and gas. 

History of occurrence alld exploration: Morey, lO
ll. 

Hvdrocarbon potential. 
-Midcontinent rift system: Dickas, 1-3;Hatch, 1-2; 

Lee, C.K., 1-3. 
-Solor Church Forrn.ation: Hatch, 1-2. 
Pol/ution. See Pollution. 

Olmsted County. 
Sandstone cave: Alexander, 9. 

Oneota Dolomite (Ordovician). See Prairie du Chien 
Group. 

Ordovician rocks. See also Decorah Shale; Dubuque 
Formation; Galena Formation; Glenwood Formation; 
Maquoketa Formation; Platteville Formation; Prairie 
du Chien Group; St. Peter Sandstone. 

Bentonite: Huff; Kolata, 1-2; Lee, Mingchou; 
Sardeson, 8, I3. 

Geochemistry: Lee, Mingchou. 
Geochronology: Lee, Mingchou. 
Goodhue CounA': Sansome, I. 
Lithostratigraphic maps: MossIer, 2. 
Paleogeography near the Transcontinental Arch: 

Witzke, l. 
Paleontology: Brower, 1-2; Cisne; Cutler; Delgado; 

De Mott; Palmer; Rice, W.F., 2; Sardeson, 1-3, 
11; Sulima. 

Stratigraphic correlation: Bergstrom; Huff: Kolata, 
1-2; Ross, R.I., Jr.; Sardeson, 7-8,13. 

Twin Cities area: Brower, 2. 
Ore deposits. See Economic geology; Iron-forma
tions. 
Ore petrology. See Petrology, ore. 
Orwell Lake. See Otter Tail County. 
Otter Tail County. 

Eagle Lake stromatolites/stromatoloids: Hosch; 
Soroka, 1,3. 

Ground water: Myette, 1,3. 
Orwell Lake, glacial geology: Reid, 1-2. 
Water quality: Myette, 1,3. 

Paleobotany. See also Palynology. 
Big Woods region: Grimm, 1-2. 
Glacial Lake Agassiz plain: Ashworth, 2-3. 
-Red Lake peatland: Griffin. 
Late Wisconsinan: Birks, 1-2; Jacobson; Watts, 

W.A. 
Norwood site, Sibley County: Ashworth, 4. 
Precambrian: Tyler. 

Paleoclimatology. 
Biota and climate change: Ashworth, 1-3; Morgan, 

A.V.; Schwert. 
Climate changes and paleomagnetic fluctuations: 

King, I.W .. 1-3. 
Late Wisconsinan: Birks, 1-2; Schwert. 

Paleomagnetism. See Geophysical investigations. pa
leomagnetism. 
Paleontology. See also Stromatolites/stromatoloids. 

Brachiopods: Rice, W.F., 2. 
Bryophytes: Janssens. 
Calceocrinids: Brower, I. 
Cambrian: Hazel; Labandeira; Lochman-Balk. 
Chitinozoans: Cutler. 
Coccoliths: Poppe. 
Conodonts: Klapper. 
Cretaceous: Cobban, I -2; Erickson, B.R., 2-3; Han

son, K.J.; Holzheimer; Merewether, 1-2; Minne
sota Volunteer; Poppe; Witzke, 2. 

Crinoids: Brower, 2. 
Crocodile: Erickson, B.R., 2; Minnesota Volunteer. 



Decorah Shale: Duffy; Rice, W.F., 2; Sulima. 
Devonian: Bunker, 2; Klapper. 
Fossil collecting: Sloan, 2; Wolf, R.C. 
Ground sloth: Erickson, B.R., I. 
insects: Ashworth, 1-4; Morgan, A.V.; Schwert. 
Mesabi range: Cobban, 1-2; Erickson, B.R., 2-3; 

Minnesota Volunteer. 
Microfossils: Holzheimer. 
Molluscs: Cobban, 1-2. 
Ordovician: Cisne; Sardeson, 1-3, II. 
-Paleoecology: Delgado; Sulima. 
-Southeastern Minnesota: Brower, I; Delgado; De 

Mott; Palmer; Sulima. 
-Twin Cities area: Brower, 2; Rice, W.F., 2. 
Ostracodes: Duffy. 
Paleozoic: Webers, 2; Wolf, R.C. 
Precambrian: Tyler; Walter. 
Quaternary: Ashworth, 1-4; Erickson, B.R., 1; 

Morgan, A.V.; Schwert; Webers, I. 
Trilobites: De Mott; Hazel; Labandeira. 

Paleozoic rocks. See also Cambrian rocks; Devonian 
rocks; Ordovician rocks. 

Buried bedrock valleys: Jirsa, 2; Mossier, I; Vick, 1-
2. 

Epeirogeny and orogeny: Ham. 
Joint orientation: Holst, 3. 
Lithostratigraphic maps, southeastern Minnesota: 

Mossler,2. 
Paleontology: Webers, 2; Wolf, R.C. 
Weathering before land plants: Basu. 

Palynology. See also Paleobotany. 
Late- and postglacial environments: Ashworth, 2-4. 
Late Wisconsinan: Birks, 1-3. 
Peat near Brookston, St. Louis County: Melchior. 

Parks and monuments. 
Boundary Waters Canoe Area. 
-Areal geology: Flood, 1-3. 
-Hydrogeochemistry: Malander. 1-2. 
Cannon River Wilderness Park, erosional features: 

Ratner. 
Pipestone National MOllument, catlinite resources: 

Morey, 5, 8. 
Sherburne National Wildlife Refuge, ground-water 

study: Brown, R.G., I. 
Tower-Soudan mine tour: Olsen, O.K. 

Partridge River troctolite (intrusion) (Middle 
Proterozoic). See also Duluth Complex. 

Deuleric alteration: Chalokwu, 6. 
Geochemistry: Chalokwu, 1-6; Grant. N. K.; Ripley. 

5. 
Mineralog": Moiling. 
Oxide mineralization: Pasteris, 2, 4. 
Petrology: Cawthorn; Chalokwu, 1-6; Dunlavey; 

Moiling; Tyson, 1-3, 5. 
Sulfide mineralization: Pasteris, 3; Tyson. 3, 5. 
Titanium: Pasteris, 2, 4. 

Peat. 
Aitkin County: Minnesota Department of Natural Re

sources, Division of Minerals, I. 
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Beltrami County: Minnesota Department of Natural 
Resources, Division of Minerals, 2. 

Covered by Glacial Lake Agassiz beach ridge: Run
dell. 

Evaluation of deposits: Cameron; Malterer, I; 
Nicols. 

Glacial Lake Agassiz, hydrogeology: Boldt; Siegel, 
4-5. 

Koochiching County: Eng, 2; Severson. 
Lake of the Woods County: Minnesota Department of 

Natural Resources, Division of Minerals, 2. 
Lost River, hydrogeology and geochemistry: Siegel, 

8. 
Pollen analysis, Brookston area. St. Louis COllnt)': 

Melchior. 
Producers. 
-Activity summaries: Aase. 1-5; Briggs. 
-Directories: Lipp, 1-2,4,7. 
Red Lake: Wright, H.E., Jr., 3-4. 
-Fossil blyophytes: Janssens. 
-Paleoecology: Griffm. 
-Patterned mires: Glaser. 
-Stratigraphy: Janssens. 
West-central Minnesota, genesis and characteriza

tion: Malterer, 2-3. 
Pennington County. 

Mosbeck site, Pleistocene geology and paleOl1lol
ogy: Morgan, A.V. 

Penokean orogeny. 
Foldbelt: Cavanaugh. 1-3. 
-Evolution and tectonic environment: Sims, 9. 
-Geochronology: Goldich, I; Van Schmus, I. 
Models of deformation and metamorphism: Morey. 

9,22,. 
Multiple deformations in the Thomson Formation: 

Clark. R.C.. 1-2; Connolly; Holst, 1-2,5-6,8-10, 
12-13; Weijermars. 

Strain measurements: Holst, 7. 
Petroleum. See Oil and gas. 
Petrology, experimental. 

Plagioc/ase: Carpenter. 
Petrology, igneous. See also Duluth Complex; other 
rock units by name. 

Archean magmas: Wooden. 
Bardon Peak peridotite: Ross, B.A .. \-2. 
Basalt inclusion: Dunlavey. 
Basalts: Schulz, K.1.. 3. 
East-central Minnesota: Dacre. 1-2. 
Effect of COUllIr" rock and tectonics on inrrusions: 

Weiblen.5. 
Granodiorite stock. Ely area: Yeomans. 
Kenora-Kabetoganw dike swarm: Southwick, 4-5. 
Lamprophyre dike: O'Brien, H.E. 
Logan intrusions: Jones. 
Minnesota River Valley: Daggett; Schulz, KJ., 3. 
North Shore Volcanic Group: Brannon, 1-3. 
Orthopyroxene compositional variatioll: Cawthorn. 
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Partridge River troctolite (intrusion): Cawthorn; 
Chalokwu, 1-6; Dunlavey; Moiling; Tyson, 1-3, 
S. 

Pigeon Poillf: Mudrey, I. 
Rainy Lake area: Day, 6; Shirey. 
Superior Province alkaline illfrusive rocks: Schulz. 

K.J.,4. 
Trondhjemite migmaTiTe: Mariano. 
Tuscarora intrusion: Mogessie. 
Vermilion district: Schulz, KJ., I. 3; Shirey. 
Vermilion Granitic Complex: Day, 1-3,8-9; Mari-

ano. 
Petrology, metamorphic. See also Duluth Complex; 
other rock units by name. 

Barometry and thermometry: Leier; Moecher, 1-3; 
Perkins, D .. III. 

Biwabik Iron FormaTion: Han. 
Deer Lake Complex: Ripley. 8. 
East-central Minnesota: Dacre, 1-2. 
Effect of country rock and tectonics on intrusions: 

Weiblen, S. 
Gunflint Iron Formation: Vaniman. 
Hillman Migmatite: Tasker. 
Mass transfer and evolution of H20: White, C.E., 1-

2. 
Minnesota River Valley: Grant, J.A.; Leier; 

Moecher, 1-3; Perkins. D .. III. 
Newton Lake Formation: Yeomans. 
Pigeon Point: Mudrey. I. 
Potassium metasomatism: Mariano. 
Retrograde zoning in garnet: Grant, I.A. 
Rove Formation: Labotka, 1-5; White, C.E., 1-2 
Thomson Formation: Clark, R.C., 2; Connolly; 

Labotka,3. 
Vermilion Granitic Complex: Bauer. 1-3; Day, 3, 

10; Mariano. 
Virginia Formation: Kirstein; White, C.E., 1-2. 

Petrology, ore. 
Newton Lake Formation: Yeomans. 

Petrology, sedimentary. See also other rock units by 
name. 

Archean graywackes: McLennan. 1-2; Ojakangas, 
6. 

Decorah Shale: Crews. 
Franconia Formation: Romano. 
Galena Formation: Delgado. 
North Shore Volcanic Group: Jirsa. I. 
Paleozoic sandstones: Basu; Mazzullo, 1-4. 
St. Peter Sandstone: Mazzullo, 1-4. 
Sioux Quartzite: Gundersen, 1-2; Morey, 12; 

Ojakangas.13;Weber.R.E. 
Thomson Formation: Hyrkas. 
Virginia Formation: Lucente. 

Petrology, theoretical. See also rock units by name. 
Archean crustal evolution: McCall. 
Oxygen fugacity: Vaniman. 

Physiography. See Geomorphology; Glacial geology. 

Pierre Shale. See Cretaceous rocks. 
Pigeon Point. See Cook County. 
Pine County. 

Aeromagnetic anomaly map: Chandler, 5. 
Denham area, Lower and Middle Precambrian 

(Archean and Early Proterozoic) geology: Neu
mann. 

Pipestone. See Sioux Quartzite, catlinite. 
Platinum group minerals (PGM). See Economic ge
ology. 
Platteville Formation (Ordovician). 

Chitinozoans: Cutler. 
LithOSTratigraphic map: Mossier, 2. 
Sedimentology: Mossier, 3. 

Pleistocene. See Glacial geology; Quaternary. 
Pokegama Quartzite (Early Proterozoic). 

Sedimentology: Ojakangas, 3-4. 
Pollution. See also Karst; SI. Louis Park creosote plant 
site; Water quality. 

Acid rain: Siegel, 1,6. 
Chemical waste disposal site, Rosemoullf: Labno. 
Crude oil spill. Beltrami County: Eames; Hult, 2. 
St. Paul Coke Plant: Woodward, 3. 
Susceptibility of ground·water systems. 
-Scott County: Kanivetsky, 2. 
-Winona County: Kanivetsky. 5. 
Twin Cities Army Ammunition Plant: Woodward, 3. 
Waste lagoon col/apse, Altura: Alexander, II. 

Prairie du Chien Group (Ordovician). 
Lithostratigraphy: Davis. R.A .. Jr.; Mossier. 2. 
Oneota Dolomite. 
-Cave development: Alexander, I. 5-7. 
-Paleomagnetism: Jackson, M. 
Shakopee Formation. 
-Cave in New Richmond Sandstone Member: 

Alexander, 9. 
Stratigraphic correlations: Bergstrom. 

Prairie du Chien-Jordan aquifer. See also Ground 
water. 

Ground-water flow, St. Louis Park creosote plant 
site: Stark. 

Hydrogeologic and water-quality characteristics: 
Ruhl,3. 

Modeling: Fitts, 1-2. 
Water levels: Schoenberg. 1-2. 

Precambrian. See also Archean; Iron-formations; Ke
weenawan rocks; Proterozoic; Tectonics. 

Areal geology. east-central Minnesota: Craddock. 
Basement map. northern Midcontinellf: Sims, 5. 
Extension of exposed Precambrian rocks into sub-

sUlface: Sims. I. 
Geochronology. 
-Continental interior: Muehlberger; Van Schmus, 

1-7. 
-Orogenies: Goldich, 2. 
Geologic interpretationfrom aeromagnetic data, se

lected areas: Chandler, 13. 



History of research in state: Morey, 24. 
Magnetic study, buried Precambrian rocks: Can

non, 2. 
Origin of iron-formations: Eichler; Hutchison; 

Lougheed; Simonson. 
Paleontology: Tyler; Walter. 
Seismic reflection, Precambrian crust: Gibbs, 1-2; 

Pierson, 1-2; Smithson. 
Stratigraphic correlation: Bergstrom; Douglas; Har-

rison, I.E.; Morey, 14. 
Precambrian Shield. See Canadian Shield. 
Prosser Member. See Galena Formation. 
Proterozoic. 

Comparison of supracrustal sequences: Sims, 6. 
Cratonic sedimentation: Greenberg. 
Evolution of Midcontinent region: Van Schmus, 5. 
Finite strain measurements, metasedimentary rocks: 

Holst, 7. 
Kenora-Kabetogama dike swarm: Chandler, 19; 

Southwick,4-5. 
Lake Superior region: Anderson, S.L.; Medaris; 

Van Schmlls, 2. 
-Early Proterozoic sedimentary basins: Larue, 1-2; 

Sims, 6; Young, G.M. See also Animikie basin. 
-Iron-formations and iron-ore deposits: Morey, 7. 
-Lower (Early) Proterozoic rocks: Morey, 9, 16; 

Van Schmus, 2. 
-Metallogeny: Sims, 2, 4. 
-Tectono-sedimentary history: Morey, 9; Sims, 6; 

Young, G.M. 
Lower (Early) Proterozoic rocks. See Animikie 

basin; Animikie Group; Biwabik Iron Formation; 
Denham Formation; Glen Township Formation; 
Gunflint Iron Formation; Metadiabase near 
Watab; Mille Lacs Group; Poke gam a Quartzite; 
Rabbitt Lake Formation; Reformatory Granite; 
Rove Formation; St. Cloud Granite; Sioux Quartz
ite; Thomson Formation; Trommald Formation; 
Virginia Formation. 

Middle Proterozoic rocks. See Beaver Bay Com
plex; Duluth Complex; Fond du Lac Formation; 
Hinckley Sandstone; Logan intrusions; Ke
weenawan rocks; Midcontinent rift system; North 
Shore Volcanic Group; Partridge River troctolite 
(intrusion); Puckwunge Formation; Solar Church 
Formation; South Kawishiwi intrusion. 

Paleomagnetism: Cavanaugh, 1-3. 
Post-Penokean intrusions: Cavanaugh, 1-3. 
Structural provinces: Dutch, 5. 

Public Geologic Sample Program: Morey, 18. 
Puckwunge Formation (Middle Proterozoic). See 
also Keweenawan rocks. 

Sedimentology and stratigraphy: Dott, 1-2. 
Quartz Gabbro ofSt. Wendel Township (Archean). 

Petrology: Dacre, I. 
Stratigraphic nomenclature: Dacre. 2. 
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Quaternary. See also Glacial geology; Glacial Lake 
Agassiz. 

Cemented gravels, Minnesota and SI. Croix river 
valleys: Lively, 5. 

Geochronology. 
-Radiocarbon ages: Clayton, 5; Meyer, G.N., 4; 

Schwert; Wright, H.E., Jr., 6. 
-Uranium-series dating: Alexander, 5; Lively. 3-5, 

8; Milske, 1-4. 
Holocene lake sediments: Thayer. 
Lake Superior. 
-Isostatic uplift: Dutch, 2. 
-Lake-bottom and bedrock topography: Wold. 2. 
-Postglacial history: Saarnisto. 
Maps. 
-Koochiching County: Eng, 2. 
-Minnesota: Hobbs. 7. 
-Northern Midcontinent: Farrand. 2; Goebel, I. 
-Scott County: Aronow; Meyer, G.N .. I; Olsen, 
B.M.,3. 
-Thickness of post-Paleozoic strata, east-central 

and southeastern Minnesota: Mossier. I. 
-Twin Cities area: Meyer, G.N., 3. 
-Winona County: Hobbs, 4. 
Non-glacial varved lake sediments: Anderson. R. Y. 
Paleontology: Ashworth. 1-4; Erickson. B.R .. I; 

Margan, A.V.; Webers, 1. 
Southeastern Minnesota: Hobbs,S. 
Stratigraphy, northwestern Minnesota: Moran, 2. 
Stream- and lake-sediment paleomagnetism: John-

son,L.D.;King,J.W., 1-3;Lund, 1-7; Sprowl, 1-
6. 

Rabbit Lake Formation (Early Proterozoic). 
Manganese: Morey, 6. 

Radioactive waste disposal, high-level wastes. 
Crystalline rocks, Lake Superior region: Battelle 

Project Management Division, I; Harrison, 1-2. 
Geologic characterization, Lake Superior region: 

Battelle Project Management Division, 2. 
Radioactivity studies; Radiometric surveys. See 

Geophysical investigations. radiometric airborne 
and ground surveys and maps. 

Radiometric ages. See Geochronology. 
Radon. See Hydrogeochemistry. 
Rainy Lake area. 

Archeanfeldspathic quartzite and conglomerate: 
Ojakangas,12. 

Bedrock geologic map: Day. 5. 
Igneous petrology: Day. 6; Shirey. 
Rare earth elements (REE): Shirey. 
Tectonic el'olution: Day, 7. 
Vermilion Granitic Complex: Day, 4-5. 7. 

Ramsey County. See also Mississippi River valley; 
Twin Cities Metropolitan Area. 

Paleontology: Erickson. B.R., 1. 
Seismic-refraction survey, dnft-jilled bedrock \'{/I

leys: Woodward, 3. 
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Ranier area. See Koochiching County. 
Rare earth elements (REE). See Geochemical inves
tigations. 
Red Lake PeatIand. See Peat. 
Red River Valley. See also Glacial Lake Agassiz plain; 
Northwestern Minnesota. 

Preglacial drainage patterns: Bray. 
Reformatory Granite (Early Proterozoic). 

Geochemistrv: Spencer, 2. 
Permeability and shear strength: South. 

Remote sensing. See also Geophysical investigations. 
Applications for geologic and hvdrologic studies: 

Southwick, 6. 
LANDSAT lineaments and Precambrian basement 

structure: Dutch, 3. 
Reno Member. See Franconia Formation. 
Resistivity surveys. See Geophysical investigations, 

electrical studies. 
Rice County, 

Cannon River Wilderness Park. erosional features: 
Ratner. 

Hvdrocarbon source rock evaluation: Hatch, 1-2. 
Richmond Gneiss (Archean). 

Petrologv: Dacre, I. 
Stratigraphic nomenclature: Dacre, 2. 

River Warren. See Glacial geology, Glacial River 
Warren. 

Rock mechanics. See Engineering geology. 
Root River drainage basin. See Fillmore County. 
Rove Formation (Early Proterozoic). 

COlllaet metamorphism: Labotka, 1-5; White, C.E., 
1-2. 

Sacred Heart Granite (Archean). See also Minnesota 
Ri ver Valley. 
Geochronology: Tsunakawa. 

Saganaga batholithiGranitelTonalite (Archean). 
Lamprophyre dike, magnetic interpretations: 

O'Brien, H.E. 
Paleostrain analysis: Davidson. I. 

St. Cloud Granite (Early Proterozoic). 
Hundred Acre pluton: RonneL 

St. Croix horst. See also Midcontinent rift system. 
Geophysical investigation: Chandler, 15. 

St. Croix River valley. See also Southeastern Minne
sota. 

Preglacial drainage palferns: Bray. 
Uranium-series dating, Pleistocene cemented 

gravels: Lively,S. 
St. Lawrence Formation (Cambrian). 

Lithostratigaphie map: MossIer, 2. 
St. Louis County. 

Aeromagnetic anomaly map: Chandler. 8. 
Babbitt area prospects. See Duluth Complex, min-

eral prospects. 
Bardon Peak. 
-Petrology: Ross, B.A., 1-2. 
-Small-scale structures: Foster. 

Bedrock maps. 
-Ely quadrangle: Green, 13. 
-Norwegian Bay quadrangle: Bauer,S. 
BoulJer Bay area, Archean rocks, structural geol-

ogy and economic petrology: Yeomans. 
Duluth. 
-Endion sill: Oestrike. 
-Keweenawan rocks: Motamedi. 
Ely area. 
-Deformed pillow lava: Borradaile. 
-Seasonal thermal energy storage (STES) project: 

Leoni; Walton. 3, 7,10-12. 
Friday Bay quadrangle, bedrock geology: Wirth. 
Geophysical prospecting: Vadis, I. 
KylenLake. 
-Late-Quaternary paleomagnetic record: Lund, 1-

7. 
-Late-Wisconsinan vegetational and climatic his

tory: Birks, 2. 
Lake sediment geochemical survey: Vadis, 1,3. 
MINNA MAX deposit, contact metamorphism: 

Kirstein. See also Duluth Complex, mineral 
prospects. 

Peat pollen analysis, Brookston area: Melchior. 
Skelton Lake prospect, sulfide mineralization: Gian

grande. 
Virginia-Biwabik area. Giants Range batholith! 

Granite mapping: Welsh. 
St. Louis Park creosote plant site. 

Degradation of contaminants in ground water: 
Ehrlich. 

Feasibility of barrier well system: Hickok. 
Ground-water flow: Hult, I, 3-4; Stark. 
-Transport of organic contaminants: Hult, I, 3-4. 
Partitioning studies of coal-tar constituents: Rostad. 
Summary of contamination: U.S. Geological Sur-

vey,16. 
St. Paul; S1. Paul Coke Plant; St. Paul Energy Park. 
See Twin Cities Metropolitan Area. 
St. Peter aquifer. See also Ground water. 

Hydrogeologic and water-qualitv characteristics: 
Ruhl, I. 

St. Peter Sandstone (Ordovician). 
Cave development: Alexander. 9. 
Depositional environments: Winfree. 1-2. 
Grain-size variation: Mazzullo, IA. 
Lithostratigraphic map: Mossier, 2. 

St. Wendel Metagabbro. See Quartz Gabbro of St. 
Wendel Township. 
Sand dunes. See Anoka County, Anoka sand plain. 
Sand, gravel, and crushed rock. See Economic geol
ogy, aggregate resources. 
Sartell Gneiss (Archean). 

Petrology: Dacre, I. 
Stratigraphic nomenclature: Dacre. 2. 

Scanning electron microscopy. See Electron mi
croscopy, scanning. 



Scott County. See also Twin Cities Metropolitan Area. 
Bedrock geology: Olsen, B.M .. I. 
Bedrock topography: Olsen, B.M .. 2. 
Geologic atlas: Aronow; Balaban, I; Isaacs, 1-2; 

Kanivetsky. 7; Little, 1-2; Meyer.G.N., I;Olsen, 
B.M.,1-3. 

Hydrogeology: Kanivetsky, 7. 
Modern and bedrock physiography: Isaacs, 1-2. 
SUlficial geology: Aronow. 
-Cross sections: Meyer, G.N., I. 
-Thickness of unconsolidated material: Olsen, 

B.M.,3. 
Seasonal thermal energy storage (STES). 

In aquifers (St. Paul ATES project. University of 
Minnesota). 

-Aquifer permeability studies: Blair, 1-6. 
-Characterization of injection and withdrawal flu-

ids: Mitchell, P.I. 
-Computer modeling: Miller, R.T.. 3-4. 6-8. 
-Dissolution kinetics of aquifer rock: Lee. H.C. 
-Hydraulic and hydrogeochemical parameters: 

Kanivetsky, 6. 
-Project activity summaries: Hoyer, 1; Kannberg; 

Minnesota. University; Smith. A.J.; U.S. Geo
logical Survey, 15; Walton, 1-3,5,7-8. 

-Short-term test cycles: Hoyer. 1-3. 
In mines (Ely project). 
-Project summaries: Leoni; Walton, 3, 7,10-12. 

Sedimentary petrology. See Petrology, sedimentary. 
Sedimentology. See also Diagenesis; specific rock 
units by name. 

Animikie basin: Morey, 9. 
Archean: Ojakangas. 1-2,6, 12. 
Cretaceous. northern Great Plains: Rice, D.O. 
Decorah Shale: Crews; Rice, W.F .. 2. 
Des Moines lobe/Algona moraine (Iowa) relation-

ships: Kemmis. 
Itasca-St. Croix moraine area: Norton, 1-2. 
Keweenawan. east-central Minnesota: Morey, 19. 
Knife Lake Group: Flood. 1-3; Ojakangas, 6. 
Mystery Cave. Fillmore County: Milske, 1-4. 
Platteville Formation: MossIer, 3. 
Proterozoic: Greenberg; Larue, 1-2; Morey. 9; 

Ojakangas. 3-5, 9-11. 13; Young, G.M. 
St. Peter Sandstone: Mazzullo, 1-4; Winfree. 1-2. 
Sioux Quartzite: Dott. 1-2; Greenberg; Morey, 12; 

Weber. R.E. 
Stream and lake sediments. 
-Exploration. See Exploration. 
-Lake Superior. See Lake Superior. 
-Late Quaternary paleomagnetism: Johnson. L.D.; 

King, J.W., 1-3; Lund. 1-7; Sprowl. 1-6. 
-Non-glacial varved lake sediments: Anderson. 

R.Y. 
Thomson Formation: Hrykas. 
Vermilion district: Ojakangas. 6. 
Wadena drumlin field: Goldstein, 1-2. 
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Seismic studies. See Geophysical investigations. 
Shakopee Formation (Ordovician). See Prairie du 
Chien Group. 
Sherburne County. See also Mississippi River valley. 

Ground-water studies. 
-Resistivity survey, Clear Lake area: Bassou; 

Gabanski. 
-Sand-plain aquifers: Lindholm. 
-Sherburne National Wildlife Refuge: Brown. 

R.G .. 1. 
Sheyenne River. See Glacial geology, Glacial 
Sheyenne River. 
Sibley County. 

Norwood site. 
-Areal geology: Morgan, A.V. 
-Fossil insects: Ashworth. 4; Morgan. A. V.; 

Schwert. 
-Fossil plants: Ashworth, 4. 

Sinkholes. See Karst. 
Sioux Quartzite (Early Proterozoic). 

Areal geology: Bretz; Southwick. 2. 
Basal contact: Southwick, 7, 9. 
Catlinite (pipestone). 
-Mineral assemblages: Gundersen, 1-2. 
-Resource evaluation: Morey, 5, 8. 
Cottonwood County basin: Southwick, 7. 9. 
Diagenesis: Vander Horck. 
Fulda basin: Morey. 12. 
Petrography, paleocurrents: Ojakangas. 13. 
Petrology: Gundersen. 1-2; Weber. R.E. 
Sedimentology: Dott. 1-2; Greenberg; Morey, 12; 

Southwick, 9; Weber, R.E. 
Stratigraphy: Dott, 1-2; Gries. 
Subjacent regolith: Southwick, 9. 
Uranium resource evaluation: Cheney; Southwick. 

7. 
Skelton Lake prospect. See St. Louis County. 
Snowbank stock (Archean). 

Argon ages: Hanson, G.N. 
Solor Church Formation (Middle Proterozoic). See 
also Keweenawan rocks. 

Hydrocarbon source rock evaluation: Hatch, 1-2. 
Soudan Iron Formation (Archean). See also Iron-for
mations. 

Chert textures: Keller, W.O. 
Minor folds: Lundy. 
Origin: Calvin; Simonson. 
Rare earths: Wildeman. 

Southeastern Minnesota. See also counties and 
specific rock units by name; Mississippi River valley; 
St. Croix River valley; Twin Cities Metropolitan Area. 

Bedrock topographic map: Mossier. I. 
Cannon River system. buried bedrock topography: 

Vick,I-2. 
Cretaceous outcrop and subcrop map: MossIer. I. 
Exploration geochemistry: Morey, 18. 
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Geophvsical investigations. 
-Aerial radiometric surveys and maps: Aero Ser

vice Division. 9: Bendix. 5.13-14,20: Delaney: 
geoMetrics. 3-4. 

-Aeromagnetic surveys and anomaly maps: Aero 
Service Division, 9: Bendix, 5, 13-14,20; geo
Metrics. 3-4. 

-Bouguer gravity maps: Ervin. 
Grollnd water. 
-Aquifer characterization: Ruhl, 1-3; Wolf. R.I., 

2. 
-Aquifer utilization: Woodward, 4. 
-Geochemistry: Kanivetsky, I; Lively, 2. 
-Lithologic changes. bedrock aquifers: Wood-

ward, I. 
-Potentiometric surface: Delin; Woodward, 5. 
-Radon: Lively, 2. 
Karst, general: Wopat. See also the main heading 

Karst for specific features. 
Land-use and land-cover maps: U.S. Geological 

Survey, 18-19. 
Paleo/ltology. 
-Cambrian: Labandeira. 
-Ordovician: Brower, 1-2; Delgado; De Mott; 

Palmer; Rice, W.F., 2; Sulima. 
Paleozoic. 
-Bentonite: Huff; Kolata, 1-2; Lee; Mingchou. 
-Joint orientation: Holst, 3. 
-Lithostratigraphic maps: Mossier, 2. 
-Stratigraphic correlation: Bergstrom; Huff; Ko-

lata, 1-2. 
Quaternarv . 
-Geochronology: Alexander, 5; Lively, 3-6, 8; 

Milske, 1-4. 
-Glacial geology: Jackson, J.L.; Lueth. 
-Pleistocene fluvial geomorphology: Sloan, 4. 
-Quaternary history: Hobbs, 5. 
- Thickness-of-strata map: Mossier, I. 
Teacher's guide: Sloan, I. 
Water qua lin' and resources: Bruemmer, I; Ruhl, 1-

3; St. Ores; Singer; Wolf. RJ., 2; Woodward, 4. 
Southern Minnesota, See Southeastern Minnesota; 
Southwestern Minnesota. 
Southern Province. See Canadian Shield. 
South Kawishiwi intrusion (Middle Proterozoic). See 
also Duluth Complex. 

Geologic setting, mineralogy, geochemistry: Bon-
nichsen. 

Logs and correlation of drill holes: Foose, 4. 
Oxide mineralization: Pasteris, 2, 4. 
Plagioclase-mafic mineral compositions: Weiblen, 

5. 
Stratigraphy and structural selling: Foose, 1-2,4,6. 
Sulfide mineralization: Foose, 5-6; Pasteris, 3. 
Titanium: Pasteris. 2, 4. 

Southwestern Minnesota. See also counties and 
specific rock units by name: Minnesota River Valley. 

Aerial radiometric surveys and maps: Bendix, 6. 15-
16, 21, 25; geoMetries, 2. 

Aeromagnetic surveys and anomaly maps: Bendix, 
6,15-16,21. 25; geoMetries, 2. 

Cretaceous rocks. See Cretaceous rocks. 
Exploration geochemistry: Morey, 18. 
-Ground-water and stream-sediment surveys: Oak 

Ridge, 3, 5; Southwick, 8; Texas Instruments, 2. 
Land-use and land-cover maps: U.S. Geological 

Survey, 6, 14. 
Teacher's guide: Austin. 
Water quality and resources: Adolphson, 1. 

Speleology. See Caves; Karst. 
Speleothem dating. See Geochronology. 
Spillville Formation. See Devonian rocks. 
Spring Valley landfill. See Fillmore County. 
Stearns County. See also Mississippi River valley. 

Cretaceous megafossils: Hanson. KJ. 
Engineering geology, Reformatory Granite: South. 
Ground-water appraisal, sandplain aquifers: Lind-

holm. 
Igneolls and metamorphic petrology: Dacre, 1-2. 
Stratigraphic nomenclature: Dacre. 2. 

STES. See Seasonal thermal energy storage. 
Stone, crushed. See Economic geology, aggregate re
sources. 
Stone, dimension. See Economic geology, mineral in
dustry, yearly statewide activity summaries. 
Strategic and Critical Minerals (SCM) Project. See 
Midcontinent Strategic and Critical Minerals (SCM) 
Project. 
Stratigraphic correlation. 

Cambrian: Bergstrom. 
Canadian Shield: Douglas: Morey, 16; Stockwell. 
Cretaceous: Bergstrom; Merewether, 1. 
Devonian: Bergstrom. 
Keweenawan rocks: Morey, 15. 
Midcontinent region, North America: Bergstrom. 
Ordovician: Bergstrom: Huff. Kolata, 1-2; Mossier, 

3; Ross, R.I., Jr.; Sardeson, 7-8.13. 
Precambrian: Bergstrom; Harrison. J.E.; Morey, 

14. 
South Kawishiwi intrusion: Foose, 4. 

Stratigraphic nomenclature. 
Pre-Penokean igneous and metamorphic rocks, 

east-central Minnesota: Dacre, 2. 
Stromatolites/stromatoloids. 

Precambrian: Walter. 
Quaternarl' . 
-Accretion rate: Soroka, 1. 
-Composition and microstructure: Hosch: Soroka, 

\. 
-Eagle Lake, Otter Tail County: Hosch; Soroka, 1, 

3. 
-West-central Minnesota: Hosch; Soroka, 1-3. 

Structural geology. See rock units and geographic ar
eas by name; Lineaments; St. Croix horst. For large
scale structural analyses, see Tectonics. 
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Sulfides. See Duluth Complex; Economic geology. 
Superior Province. See Canadian Shield. 
Surficial geology. See Geomorphology; Glacial geol
ogy; Quaternary; geographic areas by name. 
Taconite. See Economic geology; Iron-formations. 
Tectonics. See also Great Lakes tectonic zone; Mid
continent rift system; Penokean orogeny. 

Archean terrane boundaries: Gibbs, 1-2. 
Colorado Lineament. See Great Lakes tectonic zone. 
Crustal structure, Lake Superior: Berry. 
Effect on composition of layered intrusions: 

Weiblen,5. 
Glacial and postglacial history, Lake Superior: 

Wold, 2. 
-Postglacial uplift: Dutch, 2; Saarnisto. 
Implications of Keweenawan paleomagnetism: Van 

der Voo; Watts, D.R. 
Lake Superior region: Baragar; Dutch, 1-4; Sims, 6, 

9; Wold, I; Young. G.M. 
Nonh America map: King, P.B., 2. 
Paleozoic, central U.S.: Ham. 
Plate tectonics. 
-Interpretations, Keweenawan rifting: Anderson, 

S.L. 
-Model, evolution of Animikie basin: Morey, 9. 
Post-Cretaceous: Dutch, 2, 4. 
Precambrian: Bagdadi, 1-2; Van Schmus, 1-7. 
-Cambrian-Precambrian contact relationships: 

Scott. 
-Wrench fault: Dutch, I. 
Pre-Keweenawan history: Klasner. 
Proterozoic: Young, G.M. 
-Plate tectonics: Baragar. 
-Proposed continental margin, east-central Minne-

sota: Spencer, 1-2. 
Relation of seismicit)' to tectonics: Mooney, 2. 
Regional isostatic relations: Woollard. 
Role of rifting, regional tectonic development: 

Keller. G.R. 
Southern Province, Canadian Shield: Card. 
Transcontinental Arch: Bunker, I. 
Vertical crustal movement, last 10 million years: 

Gable. 
Theoretical petrology. See Petrology, theoretical. 
Thermometry. See Petrology, metamorphic. barome
try and thermometry. 
Thomson Formation (Early Proterozoic) . 

Deformation and structure: Clark, R.C., 1-2; Con
nolly; Holst, 1-2,5-6,8-9, 11-13; Hyrkas; Weijer
mas. 

Denham area, areal geology: Neumann. 
Petrologv: Clark, R.C., 2; Connolly; Hyrkas; La-

botka,3. 
Sedimentarv structures: Clark, R.C., 2. 
Sedimentology: Hyrkas. 
Structural modeling: Clark, R.C., I. 
Uranium in phosphates: McSwiggen, 1-3; Ullmer, 

I 

Tiger Boy. See Duluth Complex, mineral prospects. 
Till. See Glacial geology. 
Titanium. See Economic geology. 
Todd County. 

Ground water: Myette, 2. 
Topographic lineaments. See Lineaments. 
Trace element geochemistry. See Geochemical inves
tigations. 
Transmission electron microscopy. See Electron mi
croscopy, transmission. 
Traverse County. 

Cretaceous microfossils: Holzheimer. 
Trilobites. See Paleontology. 
Trommald Formation (Early Proterozoic). 

Manganese: Morey, 6. 
Tunneling and underground space. See Engineering 
geology, Twin Cities; Seasonal thermal energy storage 
(STES) 
Tuscarora intrusion. See Duluth Complex, intru
sions. 
Twin Cities Metropolitan Area. See also counties by 
name; SI. Louis Park creosote plant site. 

Aggregate resources: Meyer, G.N., 5; Rajaram; 
Schenk. 

Bedrock \'alley influence on the Mississippi River: 
Jirsa, 2. 

Drift-filled bedrock \'al/ey. Woodward, 3. 
Engineering geology: Bloomgren; Minnesota, Uni

versity. Underground Space Center; Sterling; 
Stone, J.E., I; Walton, 4, 9. 

Ground-water flo'" system: Guswa; Schoenberg, 3-
4. 

Ground-water resources: Hom, 1-2. 
Hazardous waste disposal site, Rosemount: Labno. 
Lake-, ground-water interaction, Minneapolis 

Chain of Lakes: Ferguson; Goudreault; Trotman. 
Maps. 
-Bedrock geology and topography: Bloomgren. 
-Quaternary geology: Meyer, G.N., 3. 
1965 status of geologic studies: Stone, LE., I. 
Ordovician paleontology: Brower, 1-2; Rice, W.F., 

2. 
St. Paul ATES project: Blair, 1-6; Hoyer, 1-3; 

Kanivetsky, 6; Kannberg; Lee, H.C.: Miller, 
R.T., 3-8; Minnesota, University; Mitchell, P.L; 
Smith, A.J.; U.S. Geological Survey, 15; Walton, 
1-3,5,7-8. 

St. Paul Coke Plant, seismic refraction study: 
Woodward,3. 

St. Palll Energy Park: Walton, 9. 
Subswface data col/ection: Walton, 4. 
Teacher's guide: Stone, LE., 2. 
Tunneling and underground space: Minnesota, Uni

versity, Underground Space Center; Nelson: Ster
ling. 

Twin Cities Army Ammunition Plant, seismic refrac
tion study: Woodward, 3. 
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Underground space. See Engineering geology, Twin 
Cities: Seasonal them1al energy storage (STES). 
United States, maps. See Minnesota, Maps. 
Upper Mississippi River valley. See Mississippi 
River valley. 
Uranium. 

Exploration geochemistry: Delaney; Morey, 23; Oak 
Ridge, 1-5: Routledge; Southwick, 8; Texas In
struments,I-2. 

Exploration radiomeTric and magnetic surveys and 
maps: Aero Service Division, 1-11; Bendix, 1-25; 
Delaney: geoMetrics, 1-4: Routledge; Texas In
struments, 1. 

Favorable environments: Morey, 23; Southwick, 8. 
Phosphates, Thomson Formation: McSwiggen, 1-3: 

Ullmer,!. 
Pine County: Neumann. 
Potential in relation to geologic terranes: Morey, 2. 
Sioux Quartzite: Cheney: Southwick, 7. 
Solution-mineral equilibria: Shette1. 
Unconformity-related uranium deposits: Cheney; 

Shettel; Ullmer, 1. 
Vermilion district. See also Ely Greenstone; Giants 
Range batholith/Granite; Knife Lake Group; Lake Ver
milion Formation; Saganaga batholith/Granite/ 
Tonalite; Soudan Iron Formation; Vermilion Granitic 
Complex; Vermilion iron range. 

Archean. 
-Basalts: Schulz, K.J., 3. 
-Bedrock geologic maps: Sims, 3, 10. 
-Crustal composition: McLennan, 1-2. 
-Deformation: Bauer, 1-8; Hudleston. 
-Geochemistry: Grimes; Jahn, I; McLennan. 1-2; 

Schulz, K.J., 1. 3; Shirey. 
-Geochronology: Jahn, 2. 
-Jap Lake area: Vervoort. 
-Petrology: Schulz, K.J., 1. 3: Shirey. 
-Sedimentology: Ojakangas. 6. 
-Structure: Bauer. 1-8; Ela. 
Bedrock geologic maps: Sims, 3. 10. 
Gravl1'ackes: McLennan, 1-2; Ojakangas. 6. 
Soil geochemistry: Grimes. 

Vermilion Granitic Complex (Archean). See also 
Vermilion district. 

Alkalic and silicic plutons: McCall. 
Crustal evolwion: McCall. 
Geochemistry: Day, 1-2; McCall; Sheehan. 
NOnl'egian Bay quadrangle: Bauer,S. 
Partial melting: Sheehan. 
Petrolog.\' , igneous: Day, 1-3,8-9; Mariano. 
Petrology, metamorphic: Bauer, 1-3; Day, 3, 10; 

Mariano. 
STructure: Bauer. 1-8; Kaszuba. 
Wakemup Bar STOck: Bauer, 1,5. 

Vermilion iron range. 
Tower-Soudan mine TOur: Olsen, D.K. 

Virginia-Biwabik area. See St. Louis County. 

Virginia Formation (Early Proterozoic). 
Contact meTamorphism: Kirstein; White, C.E., 1-2. 
GeochemiSTry: White. C.E., 1-2. 
Origin of graphiTe: Douthitt. 
StraTigraphy and sedimentology: Lucente. 

Wabasha County. See also Mississippi River valley. 
Caves and karst: Alexander, 5. 

Wadena County. 
Ground water and water qualitv: Myette. I, 3. 

Wapsipinicon Formation. See Devonian rocks. 
Washington County. See also Mississippi River val
ley; St. Croix River valley; Twin Cities Metropolitan 
Area. 

Big Marine Lake, lake-level fluctuations: Brown, 
R.G.,2 

Ground-water modeling: Fitts. 1-2. 
Lake SI. Croix sediment paleomagnetic record: 

King, J.W., 1; Lund, 1-7. 
Waste disposal. See Hazardous waste disposal; Pollu
tion; Radioactive waste disposal, high-level wastes. 
Watab Amphibolite. See Metadiabase near Watab. 
Water Hen intrusion. See Duluth Complex. intru
sions. 
Water quality. See also Pollution. 

Cretaceous aquifers: Anderson. H. W., Jr. 
East-central Minnesota: Lindholm; Myette. 1,3. 
MinneSOTa: Adolphson. 2; Bruemmer, 2; Winter.!. 
Northeastern Minnesota: Siegel, 1-3,6-7,12. 
Southeastern Minnesota,' Bruemmer, 1; Ruhl, 1-3; 

St. Ores; Singer; Wolf. R.J., 2. 
Southwestern Minnesota: Adolphson, I. 
Twin Cities area: Labno. 
West-central Minnesota: Lindholm; Miller, R. T., 1-

2: Myette, I, 3; Soukup. 
Water resources. See also Ground water. 

Cretaceous aquifers: Anderson, H. W., Jr. 
East-central Minnesota: Lindholm. 
Minnesota: Adolphson, 2; Bruemmer, 2; Minnesota 

Department of Natural Resources, Division of 
Waters; Woodward, 2. 

Southeastern Minnesota: Woodward, 4. 
Southwestern Minnesota: Adolphson, I. 
Twin Cities area: Hom, 1-2. 
West-central Minnesota: Lindholm; Soukup. 

Weathering. 
Feldspars in Paleozoic sandstones: Basu. 
Silicate minerals in gabbroic watershed: Siegel, 2-3, 

7,12. 
Wells and well-logging. See also Drilling and bore
holes. 

Feasibilitv of barrier well system, St. Louis Park 
creosote plant site: Hickok. . 

Municipal well installation and utilization, south
eastern Minnesota: Woodward, 4. 

Well construction in karst terrain: Little, 2; Olsen, 
B.M.,5. 

West-central Minnesota. See also counties and 
specific rock units by name. 



Agate collecting: Hockett. 
Calcareous peatlands: Malterer, 2-3. 
Classification, Holocene lake sediments: Anderson, 

R.Y. 
Geophysical investigations. 
-Aerial radiometric surveys and maps: Aero Ser

vice Division, 2; Bendix, 3, 7,19; Texas Instru
ments, I. 

-Aeromagnetic surveys and anomaly maps: Aero 
Service Division, 2; Bendix, 3,7, 19; Chandler, 
12. 

-Seismic source zone: Krinitzsky. 
Glacial geology. 
-St. Croix moraine, Swanville area: Hobbs, 3. 
-Till block inclusions: Cowdery. 
-Wadena drumlin field: Baranowski; Goldstein, 1-

2;Mills,H.H. 
-Wadena till: Meyer, G.N .. 4. 
Ground water: Soukup. 
-Buffalo aquifer: Wolf, R.I., I. 
-Pelican River sand-plain aquifer: Miller, R.T., 1-

2. 
-And stream-sediment geochemical surveys: 

Morey, 23; Oak Ridge, I; Texas Instruments, I. 
Land-use and land-cover maps: U.S. Geological 

Survey, 5, I I. 
Lower (Early) Proterozoic batholith: Ronnei. 
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Stromatolites/stromatoloids: Hosch; Soroka, 1-3. 
Teacher's guide: Hoagberg, I. 
Water quality and resources: Lindholm; Miller, 

R.T., 1-2; Myette, I,3;Soukup. 
Williams Lake. See Hubbard County. 
Willow River Dolomite Member. See Prairie du 
Chien Group, Shakopee Formation. 
Windrow Formation. See Cretaceous rocks. 
Winona County. See also Mississippi River valley. 

Aggregate resources: Jirsa, 3. 
Bedrock geology: Mossier, 4. 
Bedrock hydrogeology: Kanivetsky, 4. 
Caves, karst, and sinkholes: Alexander, 1,6-7,9, 

II; Book; Dalgleish, 1-3. 
Dye tracing, ground-water flow: Book. 
Geologic atlas: Balaban, 2; Dalgleish, 3; Hobbs, 4; 

Jirsa, 3; Kanivetsky, 4-5; Mossier, 4; Olsen, 
B.M.,4-5. 

Surficial geology: Hobbs, 4, 6. 
Wisconsinan. See Glacial geology; Quaternary. 
WolfCreek. See Morrison County. 
Wright County. See also Mississippi River valley. 

Sand-plain aquifers: Lindholm. 
X-ray analysis. 

Hornfels, Partridge River troctolite (intrusion): 
Chalokwu,6. 

North Shore VoLcanic Group: Brannon, 1-3. 
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