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Earthquakes— 1985
Montana and adjacent areas

by
Michael C. Stickney

The Earthquake Studies Office (ESO) of the Montana Bureau of Mines and Geol-
ogy, Montana College of Mineral Science and Technology, operates a network of nine
seismograph stations in western Montana. Data from eight of these stations are contin-
uously telemetered from remote sites using low-power FM radios and recorded at the
ESO on drum recorders. The ninth station is located in Butte on the campus of Montana
Tech where a seismograph has operated since 1936.

The arrival times of seismic waves from earthquakes recorded by the seismograph
network are carefully measured, and with the assistance of a computer, times and loca-
tions of local earthquakes are calculated. Additional data from larger earthquakes are
collected from other seismographs operated in the region by the U.S. Geological Sur-
vey, Army Corps of Engineers, University of Montana, University of Washington, Boise
State University, Ricks College, Idaho National Engineering Laboratory and private indi-
viduals.

During 1985 the ESO located a total of 1,369 earthquakes, 715 of which had magni-
tudes of 2.0 or greater. The epicenter map shows the distribution of those earthquakes
with magnitudes of 2.0 or greater. The size of the circles marking each epicenter is pro-
portional to earthquake magnitudes, with the smallest circles representing magnitudes
of 2.0 to 2.4 and the largest circles representing magnitudes of 4.5 to 5.4. Although oc-
casional previous earthquakes have occurred in the north-central and extreme north-
eastern portions of Montana, seismic activity during 1985 was limited to the mountain-
ous western third of the State. Quakes in northwestern and central-western Montana
occurred along the Intermountain seismic belt, a broad zone of seismicity extending
southeastward from northwestern Montana to Yellowstone National Park thence south-
westward through western Wyoming, eastern Idaho, Utah and terminating in southern
Nevada. The zone of seismicity extending westward from Yellowstone National Park
defines the Idaho seismic zone and includes most of the earthquakes located by ESO
with magnitudes greater than 3.5. The NW-trending group of epicenters in east-central
Idaho, parallel to the Montana-ldaho border, marks the aftershock zone of the October
28, 1983 Borah Peak earthquake (magnitude 7.3). Clusters of seismic activity within the
Idaho seismic zone aiso occurred near Clark Canyon Reservoir, in the southern Gravelly
Range and near Hebgen Lake. The Hebgen Lake region was the site of a major swarm of
earthquakes from October through December. This swarm included several thousand
earthquakes, nearly 400 of which exceeded magnitude 2.5. The largest event of the
swarm measured 4.9 and caused minor damage in West Yellowstone on November
11th. An earthquake measuring 4.8 occurred April 1 in the southern Swan Mountains
northeast of Missoula. Although widely felt in western Montana, this earthquake caused
no significant damage. The cluster of epicenters on the northern part of the Montana-
Idaho border are attributed to rockbursts related to deep underground mining in the
Wallace-Mullan, Idaho area.
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Preface

This annual list of current geological and geophysical studies would not be
possible without the assistance of those who took the time to send us information
on their research. We appreciate this cooperation and hope that you will find this list
useful.

Most studies are listed under one heading only, but because of the difficulty of
assigning some studies to a single category, some are listed under more than one
heading. The date following the entry is the expected date of completion. Many of
the entries are numbered and plotted on the index maps. An asterisk [*] indicates
that the area of study is plotted on the index map of southwestern Montana [Sheet
2, back pocket]. All other numbered entries are plotted on the index map of
Montana [Sheet 1, back pocket].

Completed theses are not included in this compilation. Special Publication 88,
Compilation and Index of Theses on Montana Geology 1899-1982, may be ordered
from the Montana Bureau of Mines and Geology, Butte, Montana 59701, for $10
postpaid.

Many of the studies listed here are far from being completed. We suggest that
anyone who wants more information on a specific project should correspond
directly with the investigator.

Richard B. Berg

Acting Chief, Geology and Mineral
Resources Division

Montana Bureau of Mines and Geology

Butte
May 12, 1986
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Areal Geology

Geology of the Stockett and Great Falls SE 7 -
minute quadrangles. [1986]

Geology of the Dixon Mountain and Dell 7 %2-min-
ute quadrangles, Beaverhead County. [1987]

Compilation of landslides in Montana (1:500,000-
scale map). Maps at scales of 1:250,000 and
1:100,000 are anticipated. [September 1986]

Geology of the Belt 1:100,000-scale quadrangle,
central Montana. [1987]

Compilation of geology for the Sidney 1:100,000-
scale quadrangle. [1986]

Preliminary geologic map of the Wolf Point 1°x2°
quadrangle. [1986]

Geologic map of the Jordan 1°x2° quadrangle.
[1986]

Geology of the Glendive 1:100,000-scale quad-
rangle, Montana and North Dakota. [August
1987]

8 Geology of the Baker and Wibaux 30x60-minute

quadrangles, eastern Montana and adjacent North
Dakota. [September 1986]

M. J. Bartholomew and
others, Montana Bureau of
Mines and Geology

M. J. Bartholomew, Mon-
tana Bureau of Mines and
Geology; Robert Scholten,
Pennsylvania State Univer-
sity

M. J. Bartholomew, Edith M.
Wilde, Montana Bureau of
Mines and Geology; Roger
B. Colton, USGS, Denver,
Colorado; Earl E. Brabb,
USGS, Menlo Park, Califor-
nia; Faith Daniel, South Da-
kota School of Mines and
Technology

Richard B. Berg, Susan M.
Vuke-Foster, Montana Bu-
reau of Mines and Geology;
Roger B. Colton, USGS,
Denver, Colorado

Robert N. Bergantino, Susan
M. Vuke-Foster, Montana
Bureau of Mines and Geology

Robert N. Bergantino, Mon-
tana Bureau of Mines and
Geology

Robert N. Bergantino, Mon-
tana Bureau of Mines and
Geology

Roger B. Colton, D. S. Fuller-
ton, J. S. Gassaway, A. C.
Banet, S. L. Durst, R. E. Eg-
gleton, USGS, Denver, Col-
orado; Susan M. Vuke-Fost-
er, Montana Bureau of
Mines and Geology

Roger B. Colton, USGS,
Denver, Colorado; Susan M.
Vuke-Foster, Michael C.
Stickney, Edith M. Wilde, J.
Elise Robocker, Kim C.
Christensen, Montana Bu-
reau of Mines and Geology
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Areal Geology (continued)

Geology and mineral resources of the Butte North
15-minute quadrangle (excluding the SE4). [1988]

Geology and mineral deposits of Silver Bow and
Deer Lodge counties. [1987]

Geelogy and mineral deposits of the Deer Lodge
quadrangle and the south half of the Avon quad-
rangle. [1986]

Tertiary history of the area around Black Butte,
Gravelly Range, Madison County. (Manuscript in
preparation)

Geology of the Kalispell 1°x2° quadrangle in con-
junction with continuing study of the Precambrian
Belt basin. [1987]

Geologic mapping and associated studies of
Dickie Peak 7% -minute quadrangle. [January
1988]

Mapping principal coal beds in the Broadus
1:100,000-scale quadrangle. [1986]

Geology of the Gipsy Lake 7% -minute quad-
rangle, Meagher County. [1987]

Geologic mapping of the Lima Peaks and Gal-
lagher Gulch 7%-minute quadrangles, with em-
phasis on structural analysis of Cordilleran thrust
belt/Rocky Mountain foreland interactions—con-
tinuing.

Geology and mineral resources of the White Sul-
phur Springs 1°x2° quadrangle.

Study of the Proterozoic and early Paleozoic
structure of the southwest Montana cratonic re-
gion, including mapping of the Swamp Creek and
Spur Mountain 7 ¥2-minute quadrangles.

A bibliographic compilation of index maps deline-
ating areas covered by geologic mapping in Mon-
tana— continuing.

20 Detailed structural analysis of a portion of the

Blackfoot thrust fault along the northwest flank of
the Garnet Range near Potomac.

Pamela Dunlap Derkey,
Montana Bureau of Mines
and Geology

Robert E. Derkey, Montana
Bureau of Mines and Geol-
ogy

Robert E. Derkey, Montana
Bureau of Mines and Geol-
ogy

James T. Gutmann, Wesley-
an University; Paul Pushkar,
Wright State University; Mal-
colm C. McKenna, American
Museum of Natural History

Jack E. Harrison, USGS,
Denver, Colorado

Sharon E. Lewis, Montana
Bureau of Mines and Geol-

ogy
Marguerite McClellan,
USGS, Denver, Colorado

Henry McClernan, Montana
Bureau of Mines and Geol-

ogy
William J. Perry, Jr., Betty

Skipp, USGS, Denver, Colo-
rado

Mitchell W. Reynolds,
USGS, Denver, Colorado

Edward T. Ruppel, USGS,
Denver, Colorado

Brenda Sholes, Montana
Bureau of Mines and Geol-
ogy

Michael B. Thomas, Univer-
sity of Montana
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Areal Geology (continued)

quadrangle, eastern Montana and adjacent North
Dakota. [May 1986]

Geology of the Butte 1°x2° quadrangle. [1986]

Geology of Glacier National Park. [1986]

Susan M. Vuke-Foster, Mon-
tana Bureau of Mines and
Geology; Roger B. Colton,
Judith S. Gassaway, Sherry
L. Durst, USGS, Denver,
Colorado

Chester A. Wallace, USGS,
Denver, Colorado

James W. Whipple, USGS,
Spokane, Washington

Structural Geology/Tectonics

Structural modeling of the Beartooth front—con-
tinuing.

A structural investigation of a basement-involved
thrust system in southern Sphinx Mountain
15-minute quadrangle, Madison Range, south-
western Montana. [Summer 1986]

Structural and thermal analysis of the northwest
flank of the Flint Creek Range, western Montana.
[June 1987]

Mechanism of basement deformation in the cores
of three foreland anticlines in Montana with com-
parisons to one anticline in Colorado and one in
Wyoming. The Montana portion of this study will
concentrate on the London Hills and Carmichael
anticlines in the northern Tobacco Root Moun-
tains and the Hinch Creek anticline in the northern
Ruby Range. [Summer 1986]

Structural geology and sedimentology of the
Sphinx Mountain area, Madison Range and the
Red Hill area, Gravelly Range. [Winter 1986]

The stratigraphy and structure of the Paleozoic
and Mesozoic rocks of the west flank of the Arm-
stead anticline area, Beaverhead County. [March
1986.]

Tectonic significance of the Pass fault, central
Bridger Range, southwest Montana. This study
relates the structural style and evolution of the
Pass fault to the surrounding structural framework
at the southeast margin of the Helena salient.

William E. Bonini, Princeton
University

Jeffrey S. Brown, Western
Michigan University

Stephen N. Buckley, Univer-
sity of Montana

Andrew Calder, Western
Michigan University

Mark Caldwell, Western
Michigan University

Charles W. Clark, Oregon
State University

Carol J. Craiglow, Montana
State University
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Structural Geology/Tectonics (continued)

Structural study of a duplex beneath a major over-
thrust plate in the Montana disturbed belt: Surface
and subsurface data. [June 1986]

Structure, metamorphism and lithostratigraphy of
Archean rocks in the Madison-Gravelly
terrane and their relationship to regional Archean
regimes— continuing.

Structure, *°Ar-**Ar age and strain history of the
Madison mylonite zone in the southern Madison
Range and the south Snowy block of the Bear-
tooth Mountains. [1986]

Structural and geochronologic evolution of the
Madison and Gravelly ranges during the Archean.

Shear zones in Archean rocks exposed in the
southwestern part of the Beartooth block.

Structure and petrology of the Archean basement
complex, Ruby Range, southwestern Montana—
continuing.

Structure and tectonics of foreland uplifts in the
Ruby, Tobacco Root, Highland, Madison, Green-
horn and Gallatin ranges in southwestern Mon-
tana. [1987]

Development of cleavage in the frontal fold and
thrust belt near Melrose. [April 1986]

Paleomagnetism of Mesozoic/Cenozoic granites,
Bitterroot lobe, Idaho batholith. [September 1986]

Monitoring seismicity in northeastern Montana and
southern Saskatchewan and studies of related
structural geology.

Study of the Libby thrust in the NE % of the Fish-
trap 7%-minute quadrangle, Sanders County.
[May 1986]

Structural significance of highly metamorphosed
mafic dikes of the Tobacco Root Mountains. [1986]

Structural controls of the southern Highland
Mountains and adjacent basins. [December 1987]

Kinematic analysis of the Sandy Hollow “collision
structure,” Big Hole Canyon, Madison County.
[Spring 1988]

David M. Dolberg, University
of Montana

Eric Erslev, Colorado State
University

Eric Erslev, Colorado State
University

Eric Erslev, Colorado State
University; Paul A. Mueller,
University of Florida

Eric Erslev, Colorado State
University

John M. Garihan, Furman
University

John M. Garihan, Furman
University; Christopher J.
Schmidt, Western Michigan
University

Beth Geiger, University of
Montana

John W. Geissman, Colora-
do School of Mines

Don Gendzwill, University of
Saskatchewan

Robert M. Hague, University
of Idaho

Thomas B. Hanley, Colum-
bus College

Debra Hanneman, Montana
Tech

Tom Hendrix, Grand Valley
State College
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Structural Geology/Tectonics (continued)

Investigation of the timing and evolution of struc-
tures associated with the Ermont and Tendoy
thrusts and Armstead anticline, southwest of
Dillon. [Spring 1986]

Structural geology and tectonic evolution of the
Bridger Range and adjacent areas, southwestern
Montana. This study involves the analysis of fault
reactivation and tectonism from the Proterozoic to
Recent— continuing.

Geology, structure and geometrical analysis of
structural relations along the south part of the
Georgetown thrust, southwestern Montana.

Deformation associated with a possible ductile
thrust emplacement of the Butte Quartz Monzonite
in the northern Highland Mountains. [1986]

Investigation of the history of activity of the Madi-
son Range fault along its 1959 rupture.

Structural geology of the central Snowcrest
Range. [Summer 1987]

Basement response to Laramide deformation in
southwestern Montana. [June 1986]

Geometric, mesofabric and petrofabric study of
the Hossfeldt anticline and the hanging wall rocks
of the Lombard thrust. The field area encom-
passes the northeastern portion of the Three
Forks 15-minute quadrangle as well as part of the
Toston and Radersburg 15-minute quadrangles.
[December 1986]

52 Cenozoic history of the Yellowstone River valley

53

between Livingston and Gardiner— continuing.

Analysis of variation in strain and deformational
style across the brittle-ductile transition zone in
the northern Jocko Mountains and Reservation
Divide north of Missoula. The Wallace, Shepard
and Mount Shields formations of the Belt Super-
group will be studied. [June 1986]

*54 Structural evolution of the southern margin of the

Belt basin in and adjacent to the Highland Moun-
tains, southwestern Montana. [1988]

55 Leopard rock protolith for polyphase deformed am-

phibolite, Beartooth Mountains— continuing.

Larry M. Johnson, University
of Montana

David R. Lageson, Montana
State University

David Lidke, USGS, Denver,
Colorado

Gerard Martin, Western
Michigan University

Elizabeth L. Mathieson,
Stanford University

Barry McBride, Western
Michigan University
Erick W. Miller, Montana
State University

Michael M. Mitchell, Univer-
sity of Tennessee, Knoxuville

John Montagne, Montana
State University

Kathleen Ort, University of
Montana

J. Michael O’'Neill, USGS,
Denver, Colorado

John C. Palmquist, Law-
rence University
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Structural Geology/Tectonics (continued)

Structural and stratigraphic characterization of the
northern Tendoy Mountains, with emphasis on
the structural configuration of shelf-to-basin Mis-
sissippian carbonate rocks in the McKenzie thrust
system (formerly northern Tendoy, Limekiln and
Johnson thrust sheets) — continuing.

Structural modeling of the Phanerozoic sedimen-
tary rocks in the northwestern corner of the Bear-
tooth block. [early 1987]

Helium surveys conducted in the overthrust
belt of Wyoming and Montana to determine
whether complex geology of the area has a signifi-
cant effect on the migration pathways for gases.
These surveys will also try to determine whether
soil-gas helium can be used to find the location
and extent of thrust sheets. [1987].

Petrology, geochemistry and structural evolution
of the eastern boundary of the Boulder batholith.
[1989]

Archean structural and petrologic evolution of the
Spanish Peaks area, southwestern Montana.
[June 1986]

Calcite twin strain and cleavage development in the
Kootenai Formation in the Sandy Hollow duplex
zone between Melrose and Dillon. [Fall 1986-Win-
ter 1987]

Development of minor structures and solution
cleavage in the frontal thrust belt adjacent to fore-
land anticlines in Pole Canyon (near Cardwell) and
the Camp Creek-McCartney Creek area (near Mel-
rose). [Fall 1986]

Nature of control of earlier structures on basin and
range faulting, southwestern Montana— continu-
ing.

Study of the tectonic and sedimentary develop-
ment of the Sevier orogenic belt in western Mon-
tana— continuing.

William J. Perry, Jr., Charles
A. Sandberg, USGS, Den-
ver, Colorado; William J.
Sando, U.S. National Mu-
seum

Elizabeth A. Robbins, Eric A.
Erslev, Colorado State Uni-
versity

Alan R. Roberts, USGS,
Denver, Colorado

Carolyn Rutland, Western
Michigan University; Susan
Swapp, SUNY Binghamton;
Christopher Schmidt, West-
ern Michigan University

Kenneth J. Salt, Montana
State University

Christopher Schmidt, West-
ern Michigan University;
Thomas E. Hendrix, Grand
Valley State College

Christopher Schmidt, West-
ern Michigan University

Christopher Schmidt, West-
ern Michigan University;
John M. Garihan, Furman
University; Hugh Dresser,
Montana Tech; J. M.
O’Neill, USGS, Denver, Col-
orado

James Schmitt, David
Lageson, Montana State
University



*63

64

*65

Structural Geology/Tectonics (continued)

Neotectonics in the Madison, Tobacco Root and
Ruby ranges: Evidence from tectonic geomorpho-
logic parameters. [1987]

A breccia and retrograde metamorphic zone is ex-
posed intermittently within the blastomylonites of
the Bitterroot dome on the eastern edge of the
Bitterroot Mountains. This study will define the
geometric, mineralogical and strain relationships
between the regional mylonitization and the local
brecciation. [Fall 1986]

Crustal study of southwestern Montana using seis-
mic refraction—continuing.

Exploratory trenching of Neogene faults in west-
ern Montana to determine movement histories.
[July 1986]

Tectonic evolution of southwestern Montana, es-
pecially as reflected in the sedimentary record—
continuing.

Fission-track dating of selected plutonic rocks of
the western Helena structural salient to determine
timing of thrusting. [Fall 1986]

[See Areal Geology.]

Paleomagnetic study of thrust sheet rotations in
the Helena and Wyoming salients of the northern
Rocky Mountains. [Completed, GSA Special
Paper, in review.]

A comparison of the thermal profiles of two adja-
cent thrust slabs northwest of Missoula.

Determination of finite strain in Precambrian (pre-
Belt) rocks of the Ruby Range, Madison County,
Montana from analysis of deformed conglomer-
ates. [1986]

Nick Schneider, Southern
lllinois University

Eileen L. Shannon, Western
Michigan University

Steven D. Sheriff, University
of Montana

Michael Stickney, Mervin J.
Bartholomew, Montana Bu-
reau of Mines and Geology

W. Thomas Straw, Western
Michigan University

Jean Talanda, Western
Michigan University

Michael B. Thomas

R. Van der Voo, University
of Michigan

Christopher Weiss, Univer-
sity of Montana

Jay Zimmerman, Southern
lllinois University

Stratigraphy, Sedimentary Petrology and Paleontology

Study of the detailed sedimentologic and ichno-
logic facies assemblages of what presently ap-
pears to be a number of depositionally “stacked”
nearshore clastic deposits in the uppermost Lower
Cretaceous Bootlegger Member of the Blackleaf
Formation.

R. W. Arnott, University of
Alberta



Stratigraphy, Sedimentary Petrology and Paleontology (continued)

67

70
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Study of paleogeography and fluvial sedimentol-
ogy of the uppermost Hell Creek Formation.
[1987]

[See Structural Geology.]
[See Structural Geology.]

Stratigraphy and vertebrate faunas of the Hell
Creek and Tullock formations in Garfield and Mc-
Cone counties.

Chronostratigraphy of mid-Cretaceous hydrocar-
bon source rocks, western interior—continuing.

An evaluation of the Fox Hills Formation (Late
Cretaceous), including the definition and correla-
tion of the formation and its members, as well as
environments of deposition in the subsurface and
in outcrop in the Williston basin of North Dakota
and eastern Montana. [Fall 1986]

Coal geology and sedimentology of the Morrison
Formation in the Stockett-Sand Coulee area near
Great Falls. [1986]

Coal stratigraphy of the Culbertson and Circle
1:100,000-scale quadrangles— continuing.

Diagenesis of the Devonian Jefferson Formation
and Mississippian Mission Canyon Formation in
western Montana. [1988]

Detailed paleoecologic analysis of the macrofauna
across the Cenomanian-Turonian (Cretaceous)
stage boundary near Great Falls and Mosby, Mon-
tana. [August 1986]

Magnetic stratigraphic correlations in the Belt bas-
in of Montana and Idaho—continuing.

Stratigraphy, sedimentation, paleontology and
history of tertiary basins of western Montana and
eastern ldaho— continuing.

Biostratigraphy, magnetic polarity stratigraphy and

geochronology of Oligocene strata, Black Butte
area, Madison County. [1986]

Studies of Paleocene silcrete, southeastern Mon-
tana.

Edward S. Belt, Ambherst
College; J. David Archibald,
San Diego State University

Mark Caldwell
Charles W. Clark

William A. Clemens, Univer-
sity of California, Berkeley

William A. Cobban, USGS,
Denver, Colorado

Daniel J. Daly, North Dakota
Geological Survey

John A. Daniel, South Da-
kota School of Mines and
Technology; M. J. Bartholo-
mew, Montana Bureau of
Mines and Geology

Pamela Dunlap Derkey,
Montana Bureau of Mines
and Geology

S. L. Dorobek, Washington
State University

William Elder, University of
Colorado

Donald P. Elston, USGS,
Flagstaff, Arizona

Robert W. Fields, University
of Montana

John J. Flynn, Rutgers Uni-
versity; Malcolm C. McKen-
na, Andre Wyss, American
Museum of Natural History

Judith S. Gassaway, USGS,
Denver, Colorado



Stratigraphy, Sedimentary Petrology and Paleontology (continued)
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75

76
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78

79

80

Taxonomy and biostratigraphy of bryozoans in the
Otter Formation of the Little Belt and Little Snowy
mountains. [Winter 1986]

Stratigraphic study of fossiliferous units and study
of pachycephalosaurian dinosaurs, Judith River
Formation, Hill County.

Depositional environments of the Fort Union and
Wasatch formations, Powder River basin. [1988]

Tertiary geology of the Melrose-Rocker basins.
[December 1986]

The relationship between diagenesis and regional
porosity development and distribution in the Sun
River Member of the Castle Reef Formation (Up-
per Mississippian), Sawtooth Range, northwest-
ern Montana. [June 1986]

Paleontological study of the nonmarine Mollusca
of the Crazy Mountains field, Sweet Grass and
Wheatland counties, Montana. The study con-
cerns the biostratigraphy of the Judith River
through Fort Union (Melville) formation sequence,
concentrating on the Paleocene section. [1987]

Facies mapping of the Belfry Member of the Fort
Union Formation. [June 1986]

Paleobotany and facies of the Fort Union Forma-
tion in the northern Big Horn basin, Montana and
Wyoming. [1989]

Petrography, palynology and origin of coals in the
Red Lodge and Bridger coal fields, Carbon County.
[1987]

Paleontology of a Cambrian outcrop near Noxon.
This is part of a larger project dealing with Cam-
brian paleontology in Idaho.

Studies of the Cretaceous stratigraphy and mollu-
scan paleontology of Montana. [1988]

Study of the stratigraphic framework of Tertiary
coal in the Powder River basin. [1987]

Stratigraphy, depositional environments, paleon-
tology, and age of the Libby Formation, Protero-
zoic Belt Supergroup, northwest Montana and
northeast Idaho. [Spring, 1987]

Ernest H. Gilmour, Eastern
Washington University

Mark Goodwin, University of
California, Berkeley

John H. Hanley, USGS,
Denver, Colorado

Debra Hanneman, Montana
Tech

Mary K. Harris, University
of Idaho

Joseph H. Hartman, Univer-
sity of Minnesota

Leo J. Hickey, Peabody
Museum, Yale University

Leo J. Hickey, Peabody
Museum, Yale University

Roy Jensen, South Dakota
School of Mines and Tech-
nology

Dave Kachek, University of
Idaho

Erle G. Kauffman, University
of Colorado

Bion H. Kent, USGS,
Denver, Colorado

David L. Kidder, University
of California, Santa Barbara
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Stratigraphy, Sedimentary Petrology and Paleontology (continued)

81

82

85

*86

Collection of Paleocene fossil mammals from the
Crazy Mountain basin of south-central Montana
and from the northern Powder River basin of
southeastern Montana to document changes in
mammalian faunal composition across the middle-
late Paleocene boundary. [1995]

Tectonic controls on the structure, sedimentol-
ogy and stratigraphy of the southern portion of the
Upper Cretaceous Golden Spike Formation, cen-
tral-western Montana.

Study of petroleum source rock characteristics and
depositional setting of Upper Mississippian and
Lower Pennsylvanian beds in Utah, Idaho, Wyo-
ming and Montana. [1986]

Stratigraphy and petrology of carbonate sediments
in the Ellis Group of western Montana: The in-
fluence of tidal currents, storms and tectonic uplift
facies patterns—continuing.

Depositional and diagenetic environments of the
Jurassic Rierdon Formation (Ellis Group) south and
southeast of the Belt Island tectonic uplift. [June
1986]

Study of mammalian faunas of the Judith River
Formation, Hill County

Metal and sediment geochemistry in the Missouri
River and Lake Helena. [1986]

Sedimentation and sediment chemistry of the Clark
Fork River. [1986]

Palynology of the thrust belt, western United
States. Includes microstratigraphic analysis of un-
interupted sedimentary sequences crossing the
Cretaceous-Tertiary boundary in the Hell Creek
area, Garfield County. [1988]

Modeling global ecologic catastrophes in geologic
time. Includes work on the Hell Creek Formation
in Montana. [1989]

Continuing biostratigraphic study of the Lower
Triassic Dinwoody Formation in southwestern
Montana. [19877]

[See Structural Geology.]

Study of metals in Mississippian shales in western
Montana. [1986]

David W. Krause, Depart-
ment of Anatomical Sci-
ences, Health Sciences Cen-
ter, State University of New
York, Stony Brook

Thomas L. Mackie, Wash-
ington State University

Edwin K. Maughan, USGS,
Denver, Colorado

James H. Meyers, Winona
State University

Dennis Michaud, Indiana
University, Bloomington

Marisol Montellano, Univer-
sity of California, Berkeley

Johnnie N. Moore, Univer-
sity of Montana

Johnnie N. Moore, Univer-
sity of Montana

Douglas J. Nichols, USGS,
Denver, Colorado

Douglas J. Nichols, USGS,
Denver, Colorado

Richard A. Paull, Rachel K.
Paull, University of Wiscon-
sin, Milwaukee

William J. Perry, Jr., William
J. Sando, Charles A. Sand-
berg

Forrest G. Poole, USGS,
Denver, Colorado
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Stratigraphy, Sedimentary Petrology and Paleontology (continued)

87

88

*89

90

91

92

*93

Sedimentology and diagenetic history of the Mis-
sion Canyon Formation (Mississippian Madison
Group), central Montana. [September 1986]

Study of cementation and dolomitization of the
Cambrian Meagher Formation in southwestern
Montana and the possible relationship to the lime-
stone-dolomite “transition zone.” [May 1986]

Stratigraphy and vertebrate paleontology across
the Cretaceous/ Tertiary boundary (Hell Creek and
Tullock formations in McCone and Powder River
counties). [January 1987]

Study of dilution effect on sediment derived from
the Stillwater Complex.

Middle Cambrian agnostoid trilobites of North
America and Greenland (includes work in north-
western Montana). [February 1988]

Identification and correlation of coal-forming de-
positional environments and time-stratigraphic
units across the intermontane basins of the Rocky
Mountains— continuing.

Tertiary geology and vertebrate paleontology of
the Smith River basin, Meagher County.

Stratigraphy and structure of Mississippian rocks
in the Tendoy Range, Beaverhead County.

Sedimentology and provenance of pre-volcanic
Eocene conglomerates in the Gallatin Range,
southwest Montana. [1988]

Sedimentary/tectonic evolution of the Crazy
Mountains basin. [1989]

Study of processes of sedimentation during evolu-
tion of the Eocene Absaroka-Gallatin volcanics,
northern Gallatin Range, southwestern Montana.
[1988]

Detailed lithofacies analysis and sedimentology of
the late Precambrian LaHood Formation, south-
western Montana. [1989]

Dan C. Quigley, Washington
State University

Steven K. Reid, University
of Idaho

J. Keith Rigby, Jr., Univer-
sity of Notre Dame

Dale Ritter, Southern lllinois
University; Susan Howes,
Lamar University; Marvin
Kauffman, American Geo-
logical Institute

R. A. Robison, University of
Kansas

Henry W. Roehler, USGS,
Denver, Colorado

Anthony Runkel, University
of Montana

William J. Sando, U.S. Na-
tional Museum, Washing-
ton, D.C.

James Schmitt, Montana
State University

James Schmitt, Jack
Horner, Montana State Uni-
versity; James R. Steidt-
mann, University of Wyo-
ming

James Schmitt, Montana
State University

James Schmitt, Montana
State University
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*94 Sedimentary and tectonic history of the Three

Forks basin, southwestern Montana. [1989]

[See Structural Geology.]

Investigation of the Bakken Formation in the Willis-
ton basin, Montana and North Dakota, with em-
phasis on physical parameters, organic matter
content and source rock maturity. [1986]

95 A revision of the stratigraphy and depositional

96

97

paleoenvironments of the Mississippian rocks,
Garnet Range-Bearmouth area, Granite County.
[June 1987]

Coal stratigraphy of the Glendive 1:100,000-scale
quadrangle. [1986]

Sedimentology, stratigraphy and diagenetic his-
tory of the upper part of the Jefferson Formation
and Logan Gulch Member of the Three Forks For-
mation, southwestern Montana. [September
1986]

[See Structural Geology.]

Tectonic controls on Mesozoic sedimentation in
the foreland basin of western and central Mon-
tana— continuing.

Petrology of bentonites and K-bentonites in the
Montana disturbed belt and Sweetgrass arch.
[December 1986]

Petrology, geochemistry, stratigraphy and sedi-
mentary geology of Tertiary playa deposits, cen-
tral and western Montana. [June 1987]

Stratigraphy, gravity and burial diagenesis of sedi-
ments in the Deer Lodge valley. [December 1986]

Depositional environment, diagenesis and petro-
leum potential of the Permian Shedhorn Sand-
stone in southwest Montana and northwest Yel-
lowstone National Park. [May 1987]

Petrology and depositional environments of the
Hulett Sandstone Member of the Sundance For-
mation in the northern Bighorn basin—continu-
ing.

James Schmitt, Montana
State University; Debra Han-
neman, Montana Tech

James Schmitt, David Lage-
son

James W. Schmoker,
USGS, Denver, Colorado

Richard C. Schneider, Ore-
gon State University

Mark A. Sholes, Pamela
Dunlap Derkey, Montana
Bureau of Mines and Geol-
ogy

Tad M. Smith, Washington
State University

W. Thomas Straw

Lee J. Suttner, Indiana Uni-
versity, Bloomington

G. R. Thompson, University
of Montana

G. R. Thompson, University
of Montana

G. R. Thompson, University
of Montana

Janet Bauder Thornburg,
University of Colorado

John Utgaard, Southern
lllinois University
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Stratigraphy, Sedimentary Petrology and Paleontology (continued)

99

100

101

Stratigraphy, structural setting and sediment-dis-
persal system of the middle part of the Missoula
Group of the Belt Supergroup. [1992]

Study of the existence, magnitude and timing of
major extinction episodes of fossil floras and
faunas in Phanerozoic time. [1986]

Taxonomic, paleoecologic, evolutionary and bio-
stratigraphic study of Mississippian crinoids in cen-
tral and western Montana. [January 1987]

Sedimentology of the Altyn Formation (Precam-
brian) of Glacier National Park: A study of micro-
biotas, stromatolites and evaporitic dolomites in
shallowing-upward cycles— continuing.

Determination of diagenetic features in samples
from the Fox Hills Formation using scanning elec-
tron microscope (SEM) analysis. [June 1986]

Stratigraphy and sedimentology of the Ravalli
Group, middle Belt carbonate and Missoula Group
of the Belt Supergroup—continuing.

Analysis of fossil plant collections from the
Tongue River Member of the Fort Union Forma-
tion. [1987]

Detailed sedimentologic and stratigraphic study of
the Shepard Formation (Belt Supergroup) in the
southern Mission, Swan, and Lewis and Clark
ranges. [March 1986]

Facies relationships, depositional characteristics
and paleochemistry of possible lacustrine environ-
ments in the Paleocene Fort Union Formation of
the northern Bighorn basin. [December 1986]

Chester A. Wallace, USGS,
Denver, Colorado

Bruce R. Wardlaw, National
Museum of Natural History,
Washington, D.C.

G. D. Webster, Washington
State University

Brain White, Smith College

Edith M. Wilde, Jannette L.
Downey, Montana Bureau
of Mines and Geology

Don Winston, University of
Montana

J. A. Wolfe, USGS, Denver,
Colorado

Marvin Woods, University of
Montana

Richard F. Yuretich, Univer-
sity of Massachusetts

Geochemistry, Mineralogy and Petrology

Petrologic and geochemical studies of the alkaline
complexes at Rainy Creek, Haines Point, Bobtail
Creek, Warland Creek and the Skalkaho area con-
stitute part of a study of thorium resources. [1986]

Determination of geochemical attributes of pre-
cious-metal deposits in southwestern Montana
and the relation of these deposits to the genesis of
batholithic rocks. [September 1986]

*102 Geochemical study of the mass transfer associated

with the formation of talc deposits, Ruby Range—
continuing.

Theodore J. Armbrust-
macher, USGS, Denver,
Colorado

Byron R. Berger, USGS,
Denver, Colorado

John B. Brady, Smith
College
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*103

104

105

106

*107

*108

109

110

11

*112

Geochemistry, Mineralogy and Petrology (continued)

Geochemistry and economic geology of hydro-
thermal vein carbonate-fluorspar deposits, western
Montana—continuing.

Stream sediment sampling and geochemical pro-
specting eastern flank, Snowcrest Range. [July
1986]

Geochemical and analytical studies of the plati-
num-group elements including samples from the
Stillwater Complex. [1986]

Evolution of the volcanic field in the Yellowstone
Plateau-Island Park area of Wyoming, Idaho and
Montana. [1986]

Geochemistry of sedimentary organic matter,
crude oil and natural gas. Will include a report on
the hydrocarbon generation and oil and gas po-
tential of the northern Montana disturbed
belt— continuing.

Study of the basal-zone sulfides in the Stillwater
Complex.

Trace-element partitioning in coexisting garnet-
clinopyroxene and garnet-biotite in high-grade
metamorphic rocks in the Ruby Range. [May
1986]

Geochemistry of the Lowland Creek Volcanics.
[1990]

Geology and mineral deposits of Cretaceous-Ter-
tiary volcanic rocks in the vicinity of the Boulder
batholith. [1988]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

Examination of the Cu/Ni distribution in the dis-
seminated and net-textured sulfides in the Still-
water Complex based on Cu/Ni assay patterns.

[See Structural Geology.]
Petrologic investigation of selected gravel terraces
in the Bighorn basin, Carbon County. [March 1986]

Petrographic and geochemical study of the Pre-
cambrian rocks in the Stone Creek area of the Ruby
Mountains, Madison County. [Spring 1986]

D. G. Brookins, University of
New Mexico

Patrick Burkhart, Wright
State University

Robert R. Carlson, USGS,
Denver, Colorado

Robert L. Christiansen,
USGS, Menlo Park, Califor-
nia

Jerry L. Clayton, USGS,
Denver, Colorado

G. K. Czamanske, USGS,
Menlo Park, California

Peter S. Dahl, Robert C.
Hendricks, Kent State Uni-
versity

Pamela Dunlap Derkey,
Montana Bureau of Mines
and Geology

Robert E. Derkey, Montana
Bureau of Mines and Geol-
ogy

S. L. Dorobek

L. J. Drew, USGS, Reston,
Virginia

Eric Erslev

Charles O. Frank, Southern
lllinois University

Bruce Garbaccio, California
State University, Los
Angleles
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Geochemistry, Mineralogy and Petrology (continued)

Descriptive geochemistry of metamorphosed mafic
dikes of the Tobacco Root Mountains. Major,
minor and limited trace element analyses of me-
dium- to fine-grained, generally discordant, gar-
netiferous tholeiites. [1986]

Study of kimberlitic diatremes in Montana includ-
ing chemical and isotopic analysis of mineral sepa-
rates— continuing.

Trace element chemistry of fine-grained rocks
from the Stillwater Complex with emphasis on the
platinum-group elements and Cu, Ni and Ag.
[1987]

Mineralogic and geochemical study of amphibo-
lites in the Tobacco Root Mountains, Madison
County. (Preliminary draft of manuscript com-
pleted 1986.)

Study of alkaline igneous rocks of the central Mon-
tana province— continuing.

Study of the mafic dikes associated with the Idaho
batholith, Montana and Idaho— continuing.

Geology and geochemistry of the Hog Heaven
volcanic field and associated mineralization. [1988]

Petrogenesis of anorthosites of the Stillwater Com-
plex. [1987]

Early and middle Cenozoic volcanic centers, west-
ern conterminous United States. [1988]

Igneous history of the Highwood Mountains.
[1986]

An analysis of the Deer Lodge basin sediments
(from drill cuttings) to determine burial diagenesis,
stratigraphy and depositional history. [December
1986]

Archean geology of southwestern Montana, in-
cluding the Beartooth Mountains, northern Madi-
son Range and Tobacco Root Mountains—con-
tinuing.

Study of Sr and O isotopic systematics in Archean
granitoid and associated rocks in the southern

Beartooth Range. Also major, minor and trace-
element geochemistry. [1988]

Thomas B. Hanley, Colum-
bus College

B. Carter Hearn, USGS,
Reston, Virginia

Rosalind T. Helz, USGS,
Reston, Virginia

David F. Hess, Western llli-
nois University; Charles J.
Vitaliano, Indiana University

Donald W. Hyndman, Uni-
versity of Montana

Donald W. Hyndman, Uni-
versity of Montana

lan Lange, University of
Montana

Patricia J. Loferski, USGS,
Reston, Virginia

R. G. Luedke, USGS,
Reston, Virginia

I. S. McCallum, A. J. Irvine,
H. O’Brien, University of
Washington

Paul J. McLeod, University
of Montana

Dave Mogk, Montana State
University

Carla W. Montgomery,
Northern lllinois University
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123

*124

125

*126

127

128

129

*130

Geochemistry, Mineralogy and Petrology (continued)

Stable isotope geochemistry and phase equilibria
study of the Boehls Butte and Bitterroot anortho-
sites and surrounding Beltian metasediments.
[May 1986]

Origin of quartz-olivine basaltic andesite of the
Block Mountain area, southwest Montana. Study
of petrogenesis of Block Mountain lavas through
field mapping, petrography and major-trace-iso-
topic geochemistry. Also includes age dating and
relation to regional structure and similar rocks in
the Clamo and Challis volcanics. [June 1988]

Geochemistry and geochronology of the Archean
basement of southwestern Montana. [1990]

[See Structural Geology.]

Investigation of the chemistry and mineralogy of
the association of sulfide minerals, magnetite and
graphite with platinoids in the Stiliwater Complex.

Study of Tertiary volcanic centers in the Gravelly
Range.

Chemical and isotopic evidence of the origins of
natural gases. [1986]

Archean geology of the Lake Plateau, central Bear-
tooth Mountains. [June 1986]

Chemical evolution of the Elkhorn Mountains Vol-
canics with a comparison to the Boulder batho-
lith— continuing.

[See Structural Geology.]

Outcrop-scale mapping of intrusive structures and
magmatic textures in the Stillwater Complex as
part of an investigation of the internal structure of
magmatic systems. [1986]

[See Structural Geology.]

Petrology and origin of an Archean rock package,
Ruby Range, southwestern Montana. [June 1986]

[See Structural Geology.]

C. I. Mora, University of
Wisconsin, Madison

Ellen Mullen Morris, Todd
Feeley, University of Arkan-
sas

Paul A. Mueller, University
of Florida; Joe L. Wooden,
USGS, Menlo Park, Califor-
nia; Dave Mogk, Montana
State University; Eric Erslev,
D. Henry, Colorado State
University

John C. Palmquist

Mike Paseczyk, Alex
Volborth, Montana Tech

Paul Pushkar, Wright State
University; James T. Gut-
man, Wesleyan University

Dudley D. Rice, USGS,
Denver, Colorado

Doug Richmond, Montana
State University

Carolyn Rutland, Western
Michigan University; Thomas
A. Vogel, Michigan State
University

Carolyn Rutland, Susan
Swapp, Christopher Schmidt

Michael P. Ryan, USGS,
Reston, Virginia

Kenneth J. Salt

Michael J. Schaefer, Univer-
sity of Montana

Eileen L. Shannon
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Geochemistry, Mineralogy and Petrology (continued)

Petrology and geochronology of basement rocks
in the vicinity of Jardine, Park County. [June
1987]

Petrology and isotope geochemistry of lavas from
the Gardiner River area, Yellowstone National
Park. [June 1987]

Petrology, geochemistry and geochronology of
Archean iron-rich metasedimentary rocks of south-
western Montana. [1987]

Alteration petrology at the Flathead mine and asso-
ciated ash-flow tuffs. [1986]

Provenance of Archean metasedimentary rocks in
the southwest Beartooth Mountains, Montana-
Wyoming. [December 1986]

Determination of the thermodynamic properties of
water adsorbed on the surface of the Rosebud
coal seam. [June 1986]

Detailed petrologic, petrochemical and structural
study of the Tobacco Root batholith, Madison
County—continuing.

Metabasites of the Tobacco Root Mountains.

Orthoamphibolites of the Tobacco Root Moun-
tains.

The 10-N pluton, Whitehall area, southwestern
Montana.

Petrology of anorthosites of the Stillwater Com-
plex—continuing.

Study of the development of bentonites through
diagenesis from the disturbed belt and Sweet-
grass arch. [June 1986]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

Geologic and petrologic survey of the Garnet-
Coloma area, Garnet Range. Geochemical
analyses were conducted from samples coliected
along two traverses within the Garnet stock and
from numerous volcanic rocks which were found
to intrude the peripheral meta-sediments. [June
1986]

A. K. Sinha, Virginia Poly-
technic Institute and State
University

A. K. Sinha, Virginia Poly-
technic Institue and State
University

Dan Stanley, University of
Florida

Graham R. Thompson, Uni-
versity of Montana

Peter Thurston, Montana
State University

Judi Todd, Doug Coe, Frank
Diebold, Montana Tech

Charles J. Vitaliano, Indiana
University; John Smith,
Standard Qil of California;
David F. Hess, Western llli-
nois University

Charles J. Vitaliano, Indiana
University; Thomas B. Han-
ley, Columbus College

Charles J. Vitaliano, Indiana
University; David F. Hess,
Western lllinois University

Charles J. Vitaliano, John A.
Rupp, Indiana University

Alex Volborth, Montana
Tech

Susan C. Walker, University
of Montana

Edith M. Wilde, Jannette L.
Downey

Kurtis Wilkie, lowa State
University
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141

*142

143

144

145

146

Geochemistry, Mineralogy and Petrology (continued)

The relationships of structure to volcanism and
mineralization within the Hog Heaven volcanic
field (early Oligocene), northwestern Montana.
[March 19861

Mineralogy of the Black Pine mine, Granite Coun-
ty—continuing.

Petrologic studies of igneous rocks in the Pioneer
Mountains.

Richard E. Zehner, Univer-
sity of Montana

Lester Zeihen, Montana
Tech

E-an Zen, Jane M. Hammar-
strom, USGS, Reston, Vir-
ginia

Isotope Geology and Geochronology

Distribution of the Anderson and Knoblock clinker
in the Ashland area. Fission-track ages of clinker
will be used to shed light on downcutting history
of the Tongue River. [1986]

[See Structural Geology.]
[See Structural Geology.]

The purpose of this study is to explore the effec-
tiveness of using stable isotopes to chemically dis-
tinguish water from different geologic formations.
Samples of ground water were collected from
wells completed in alluvium, sub McKay coal,
McKay coal, overburden, Rosebud coal and spoils
near Colstrip, Montana. [September 1986]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

Study of the chloride flux out of Yellowstone Na-
tional Park— continuing.

[See Areal Geology.]

Collection of ash from Cenozoic deposits in south-
western Montana for radiometric and fission track
dating.

[See Geochemistry, Mineralogy and Petrology.]

Stable isotope ratios of runoff and geothermal
water in and around Yellowstone National Park
and the constraints on the hydroiogy of the geo-
thermal features. [1986]

Radiometric dating of some Quaternary deposits
in western Montana using U-series decay. [July
1986]

Donald A. Coates, Edward
L. Heffern, USGS, Denver,
Colorado

Eric Erslev
Eric Erslev, Paul Mueller

Rodger F. Ferreira, John
Lambing, USGS, Helena,
Montana

John J. Flynn, Malcolm C.
McKenna, Andre Wyss

Irving Friedman, USGS,
Denver, Colorado

James T. Gutmann, Paul
Pushkar, Malcolm C. Mc-
Kenna

Debra Hanneman, Montana
Tech

B. Carter Hearn

T. Kurtix Kyser, University
of Saskatchewan

Sharon E. Lewis, Montana
Bureau of Mines and Geol-

ogy
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Isotope Geology and Geochronology (continued)

Study of zircon crystals recovered from bentonite
bed near the top of the middle Belt carbonate.

[See Geochemistry, Mineralogy and Petrology.]
[See Geochemistry, Mineralogy and Petrology.]
[See Geochemistry, Mineralogy and Petrology.]

[See Geochemistry, Mineralogy and Petrology.]

Geochronology of the Cretaceous-Tertiary bound-
ary as defined by the last appearance of dino-
saurs, the major palynological break and the geo-
chemical iridium anomaly in the Hell Creek area.

Hafnium isotopes in Archean detrital zircons will
be used to assess quantities of pre-3.0 Ma contin-
ental crust. Sample of Archean zircons will be ob-
tained from crust, in sandstones from southwest-
ern Montana. [1987]

Quaternary dating and neotectonics. Includes
obsidian hydration dating of pre-1959 faulting and
ages of scarps in the Hebgen, Montana earth-
quake area— continuing.

[See Geochemistry, Mineralogy and Petrology.]

Study of the Spar Lake copper-silver deposits in
conjunction with stable isotope studies of ore de-
posits. Also sulfur isotope studies of the Yellow-
stone geothermal system. [1986]

[See Geochemistry, Mineralogy and Petrology.]

Pb isotopic studies of Precambrian metamorphic
rocks in the Beartooth Mountains. [1986]

Sm-Nd analyses of mineral separates from the Still-
water Complex. Also studies of Pb isotopes from
the Stillwater Complex— continuing.

Study of the stable isotopic compositions of altera-
tion minerals associated with the Zortman-Lan-
dusky gold deposits to characterize the formation
temperatures and origin of the fluids associated
with the mineralization and alteration episodes.
[September 1986]

Kenneth R. Ludwig, USGS,
Denver, Colorado

Carla W. Montgomery
C. |. Mora

Ellen Mullen Morris, Todd
Feeley

Paul A. Mueller, Joe L.
Wooden, Dave Mogk, Eric
Erslev, D. Henry

Charles W. Naeser, USGS,
Denver, Colorado

P. Jonathan Patchett, Uni-
versity of Arizona

Kenneth L. Pierce, USGS,
Denver, Colorado

Dudley D. Rice

Robert O. Rye, USGS,
Denver, Colorado

A. K. Sinha
J. S. Stacey, USGS

Mitsunobu Tatsumoto,
USGS, Denver, Colorado

Mark R. Wilson, University
of Saskatchewan



20

163

*154

*155

*156

*157

*158

1569

Geophysics

[See Structural Geology.]

Columbia University’s Mark Il airborne spectro-
radiometer system will be used to acquire airborne
spectroradiometer data at mineralized sites includ-
ing the Cotter basin, Montana. [1986]

Determination of crustal thickness and structure
by seismic refraction within southwest Montana
and northeast |daho. [March 1986]

Crustal study of northwestern Montana using seis-
mic refraction techniques. [June 1986]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

A study of the paleomagnetics of mineralized ter-
ranes will include the Pioneer batholith. [1986]

A controlled-source audiomagnetotelluric and
gravity survey of the Ennis Hot Springs geother-
mal area, southwestern Montana. [May 1986]

[See Structural Geology.]
[See Structural Geology.]

A magnetic and gravity investigation in the Beaver-
head basin, southwestern Montana. [May 1986]

Paleomagnetic determinations on the Late Creta-
ceous Elkhorn Mountains Volcanics, western
Montana. [1986]

Geophysical studies include numerical modeling
of gravity data to define geologic models across
the Libby thrust zone and the Purcell anticlin-
orium. [1987]

Shallow seismic reflection surveying to map intra-
Tertiary stratigraphy in the Beaverhead basin,
southwestern Montana. [June 1987]

Regional Bouguer gravity profile and modeling
from the Beaverhead valley near Twin Bridges to
the Madison valley near Cameron. [1986]

BLM wilderness geophysical studies. [October
1986]

Gravity study of the Boulder Baldy 7% -minute
quadrangle, Big Belt Mountains. The purpose of
the study is to delineate the size and depth extent
of an intrusive body that crops out in the area.
[April 1986]

William E. Bonini

Frank C. Canney, USGS,
Denver, Colorado

Garry J. Carlson, University
of Montana

William P. Clement, Univer-
sity of Montana

Donald P. Elston

Donald P. Eiston, USGS,
Flagstaff, Arizona

Gunnar Emilsson, Dave
Semmens, William Sill,
Charles Wideman, Montana
Tech

John W. Geissman

Don Gendzwill
Linda Gosse, University of
Arkansas

C. S. Gromme, USGS

M. Dean Kleinkopf, USGS,
Denver, Colorado

Robert Lankston, University
of Arkansas

William Moorse, Western
Michigan University

Calvin K. Moss, USGS,
Denver, Colorado

Richard Allan Payne, Henry
McClernan, Charles Wide-
man, Montana Tech
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Geophysics (continued)

Delineation of a feeder dike in Wolverine basin in
the Gravelly Range using gravity and magnetic de-
terminations. Also investigation of the occurrence
of banded iron-formations in the Gravelly Range.
[1986]

[See Structural Geology.]

Study of earthquakes in the Yellowstone-Hebgen
Lake region. The University of Utah records the
16-station Yellowstone network including 3 sta-
tions in the West Yellowstone basin.

Seismic monitoring and analysis of earthquake
data, western Montana and adjacent parts of
Idaho and Wyoming-— continuing.

Thermal inertia mapping of a number of areas in-
cluding the Boulder batholith. [1986]

[See Structural Geology.]

Economic Geology

Geochemical exploration in western Montana—
continuing.

An estimation of the grade (in situ) and tonnage
relationship for the Mouat orebody in the Stillwater
Complex; also alternative exploration strategies
for copper and nickel in the Stillwater Complex
will be appraised. [1986]

Geostatistical anaysis of the internal structure and
spatial distribution of ore deposits in the Stillwater
Complex. [1986]

Chiloritic alteration of Archean metamorphic rocks
in the Highland Mountains— continuing.

Geology of Montana barite deposits. (Preliminary
information available in MBMG Open-File Report
95.) [Publication available 1987.]

[See Geochemistry, Mineralogy and Petrology.]

The distribution of talc in the soil as a tool for ex-
ploration of concealed talc bodies. [June 1986]

[See Geochemistry, Mineralogy and Petrology.]
[See Geochemistry, Mineralogy and Petrology.]
[See Geophysics.]

[See Geochemistry, Mineralogy and Petrology.]
[See Areal Geology.]
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William A. Randall, Jr.,
Wright State University

Steven D. Sheriff

Robert B. Smith, University
of Utah

Michael C. Stickney, Mon-
tana Bureau of Mines and
Geology

Kenneth Watson, USGS,
Denver, Colorado

Christopher Weiss

John C. Antweiler, USGS,
Denver, Colorado

E. D. Attanasi, USGS,
Reston, Virginia

W. J. Bawiec, USGS,
Reston, Virginia

Richard B. Berg, Montana
Bureau of Mines and Geol-
ogy

Richard B. Berg, Montana
Bureau of Mines and Geol-

ogy
Byron R. Berger

Alice M. Blount, Rutgers
University

John B. Brady

D. G. Brookins

Frank C. Canney
Robert R. Carlson
Pamela Dunlap Derkey
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Economic Geology (continued)

Mines and prospects computerized data base for
Montana. Information on metallic mines and pro-
spects in Silver Bow, Deer Lodge, and Lewis and
Clark counties is being entered first— continuing.

[See Areal Geology.]
[See Geochemistry, Mineralogy and Petrology.]

Physicochemical conditions during formation of
ore deposits, Boulder batholith region, Montana.
[1990]

[See Geochemistry, Mineralogy and Petrology.]

Map showing mines, prospects and mineral oc-
currences in the Butte 1°x2° quadrangle. Also the
development of ore deposit models to contribute
to the mineral resource appraisal of the Butte
quadrangle. [1986]

[See Geophysics.]

Field studies of sulfide occurrences in the Stillwater
Complex as part of a study of world nickel and co-
balt resources— continuing.

Metal distribution in the Golden Sunlight deposit
near Whitehall. [May 1987]

Bedded Precambrian iron deposits of southwest-
ern Montana.

The nature and distribution of gold and associated
vein mineralization at the Red Pine mine, western
Tobacco Root Mountains. [1986]

Study of Ravalli Group Cu, Pb, Zn, Ag mineraliza-
tion in the eastern Belt basin—continuing.

Geology of chromite. Includes geochemical inves-
tigation of the Stillwater Complex.

Gold deposits in carbonate units of the Belt Super-
group. [1987]

Development of geochemical exploration techni-
ques for stratabound Cu-Ag deposits in Montana.
[October 1986]

[See Geochemistry, Mineralogy and Petrology.]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.

Pamela Dunlap Derkey,
Robert E. Derkey, Montana
Bureau of Mines and Geol-

ogy
Robert E. Derkey
Robert E. Derkey

Robert E. Derkey, Montana
Bureau of Mines and Geol-

ogy; Hiroharu Matsueda,
Akita University, Akita,
Japan

L. J. Drew

James E. Elliott, USGS,
Denver, Colorado

Donald P. Elston

M. J. Foose, USGS, Reston,
Virginia

M. Gareau, A. J. Sinclair,
University of British Colum-
bia

Harold L. James, USGS,
Port Townsend, Washington

Teresa Kinley, Montana
State University

lan Lange, University of
Montana

Bruce R. Lipin, USGS,
Reston, Virginia

Henry G. McClernan, Don C.
Lawson, Montana Bureau of
Mines and Geology

Elwin L. Mosier, USGS,
Denver, Colorado

Mike Paseczyk, Alex Vol-
borth

Forrest G. Poole
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Economic Geology (continued)

[See Geophysics.]

[See Areal Geology.]

[See Isotope Geology and Geochronology.]
[See Geochemistry, Mineralogy and Petrology.]
[See Geochemistry, Mineralogy and Petrology.]
[See Isotope Geology and Geochemistry.]

[See Geochemistry, Mineralogy and Petrology.]
[See Geochemistry, Mineralogy and Petrology.]

Magmatic sulfide deposits of the Stillwater Com-
plex.

Energy

[See Geochemistry, Mineralogy and Petrology.]

Data collection, validation and entry in the National
Coal Resource Data System (NCRDS) in coopera-
tion with the Montana Bureau of Mines and Geol-
ogy—continuing.

Construction of a preliminary oil generation model

for the Bakken Formation in Montana and North
Dakota. [1987]

[See Geochemistry, Mineralogy and Petrology.]
[See Isotope Geology and Geochronology.]

Geology and coal resources of the Terret Ranch
area, Powder River County. [1986]

Geology and coal resources of the Tongue River
area, northern Powder River County. [1986]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

[See Stratigraphy, Sedimentrary Petrology and
Paleontology.]

Hydrocarbon field size-distribution studies for ma-
jor reservoirs of Upper Cretaceous, Lower Creta-
ceous and Permian age in the Powder River basin.
[1987]

National Coal Resource Data System (NCRDS).
This is a program of the USGS, in cooperation with
State agencies, to establish a national computer-
ized coal data base— continuing.

William A. Randall, Jr.
Mitchell W. Reynolds
Robert O. Rye

Dan Stanley

Graham R. Thompson
Mark R. Wilson
Richard E. Zehner
Lester Zeihen

M. L. Zientek, USGS, Menlo
Park, California

Theodore J. Armbrustmach-
er

M. D. Carter, USGS,
Denver, Colorado

Ronald R. Charpentier,
USGS, Denver, Colorado

Jerry L. Clayton

Donald A. Coates, Edward
L. Heffern

David Coppock, Bureau of
Land Management, Billings

David Coppock, Bureau of
Land Management, Billings

John A. Daniel, M. J. Barth-
tholomew

Pamela Dunlap Derkey

Gordon L. Dolton, USGS,
Denver, Colorado

Jannette L. Downey, Edith
M. Wilde, Montana Bureau
of Mines and Geology
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Energy (continued)

[See Geophysics.]

Environments of coal deposition in western interior
coal basins. [1989]

Coal resource assessment of the Terry Badlands
Wilderness study area, Prairie County, Montana.

Geology and coal resources of the Kirby-Birney
coal field, Big Horn and Powder River counties,
northern Powder River basin. [1986]

Geology and coal resources of the Moorhead-East
Moorhead coal field, Big Horn and Powder River
counties. [1986]

Water management, water policy and coal devel-
opment in eastern Montana focusing on the Yel-
lowstone and Tongue River basins— continuing.

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

Coal resource potential of the Terry Badlands,
Cow Creek-Antelope Creek and Burnt Lodge-
Seven Blackfoot BLM wilderness study areas,
east-central Montana. [1986]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

[See Areal Geology.]

Oil and gas in overthrust terrains including the cen-
tral and northern Tendoy Mountains, Beaverhead
County. [1986]

Petroleum geology and resource assessment of
the Williston basin. [1987]

Geostatistical analysis of the coal resources of the
Powder River basin. [1989]

Geology and oil and gas resource potential of the
U.S. western overthrust belt. [1986]

[See Structural Geology.]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

Gunnar Emilsson, Dave
Semmens, William Sill,
Charles Wideman

Romeo M. Flores, USGS,
Denver, Colorado

Judith S. Gassaway, USGS,
Denver, Colorado

Jim Gruber, Bureau of Land
Management-Solid Minerals,
Billings

Bill Hansen, Bureau of Land
Management-Solid Minerals,
Billings

David H. Hickcox, Ohio
Wesleyan University

Roy Jensen

Daniel A. Jobin, USGS,
Denver, Colorado

Bion H. Kent
Edwin K. Maughan

Marguerite McClellan

William J. Perry, Jr., USGS,
Reston, Virginia

James A. Peterson, U.S.
Geological Survey and Uni-
versity of Montana

Frances W. Pierce, USGS,
Denver, Colorado

Richard B. Powers, USGS,
Denver, Colorado

Alan R. Roberts
Henry W. Roehler

James W. Schmoker
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187
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Energy (continued)

Coal petrographic studies of Montana coals and
correlation of petrographic data with chemical and
sedimentologic data. [1986]

Coal crop, coal correlation and coal resources of
the Baker and Wibaux 1:100,000-scale quad-
rangles. [1986]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

A compilation of site-specific geothermal investi-
gations including Jackson, Radersburg, White Sul-
phur Springs and Ennis. [December 1986]

[See Geochemistry, Mineralogy and Petrology.]

Coal resource evaluation of the Baker, Glendive,
Sidney and Wibaux 1:100,000-scale quadrangles.

Hydrogeology

Preliminary ground-water map of the Wolf Point
1°x2° quadrangle. [1986]

Hydrogeologic evaluation of ground-water re-
sources in Sullivan Flats basin, near Niarada, in
the northwest corner of the Flathead Indian Reser-
vation. [June 1987]

A study of the physical and chemical interrelation-
ships of the Clark Fork River and shallow valley
aquifers from Warm Springs to Milltown. [Octo-
ber 1988]

Study of the coarse bed load movement in Squaw
Creek, Gallatin County. [Squaw Creek is a high-
gradient mountain stream.] [June 1986]

Potential effects of coal mining on dissolved solids
in Hanging Woman Creek basin, southeastern
Montana. [May 1988]

Hydrogeologic field reconnaissance for suitable
hazardous-waste-disposal areas in Montana.
[Summer 1986]

Hydrochemistry of coal-mining areas in west-
central United States. Includes West Decker and
Big Sky mines in Montana. [September 1986]

25

Mark A. Sholes, Montana
Bureau of Mines and Geology

Mark A. Sholes, Susan M.
Vuke-Foster, Montana Bu-
reau of Mines and Geology

Mark A. Sholes, Pamela
Dunlap Derkey

John L. Sonderegger, Mon-
tana Bureau of Mines and
Geology

Judi Todd, Doug Coe, Frank
Diebold

Edith M. Wilde, Jannette L.
Downey, Montana Bureau
of Mines and Geology

Robert N. Bergantino, Mon-
tana Bureau of Mines and
Geology

David Briar, University of
Montana

Tom Brooks, USGS,
Helena, Montana

Nicholas Bugosh, Montana
State University

Mike Cannon, USGS,
Helena, Montana

Stephan G. Custer, Mon-
tana State University

Robert Davis, USGS,
Helena, Montana
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Hydrogeology (continued)

189 Hydrology of shallow aquifers along the northern
flank of Little Rocky Mountains, Fort Belknap In-
dian Reservation. [September 1988]

190 Ground-water quality in the Corbin-Wickes area,
south-central Montana. [September 1986]

191 Use of geomorphology and geophysical methods
to locate buried stream channels beneath the Boze-
man fan in the southeastern part of the Gallatin
Valley. [June 1986]

Hydrogeology of northeastern Montana—empha-
sis on ground-water development and conserva-
tion.

*192 Water monitoring of the Colorado tailings, Butte,
pre- and post-reclamation. [December 1986]

*193 Monitoring of the Butte mine flooding. [June 1986]

194 Impacts on water quality from plow-out and saline-
seep reclamation practices, Stillwater County.
[January 1988]

195 The hydrology of saline seep in the Geraldine area.
[July 1986]

196 Inventory and evaluation of ground-water and
spring development for domestic supply in the
Geraldine area. [July 1986]

197 Drilling and water quality program for the Stillwater
County Conservation District saline-seep demon-
stration project, Wheat basin, Montana. [June
19861

Robert Davis, USGS,
Helena, Montana

Robert Davis, USGS,
Helena, Montana

David Donohue, Montana
State University

Joseph Donovan, Robert N.
Bergantino, Marvin R.
Miller, Wayne A. Van Voast,
Montana Bureau of Mines
and Geology; Joe E. More-
land, USGS, Helena, Mon-
tana

Terence E. Duaime, John L.
Sonderegger, Herman R.
Moore, Marek Zaluski, Mon-
tana Bureau of Mines and
Geology

Terence E. Duaime, Marek
Zaluski, Marvin R. Miller,
Robert N. Bergantino, Fred
A. Schmidt, Montana Bu-
reau of Mines and Geology

Terence E. Duaime, Herman
R. Moore, Marvin R. Miller,
Montana Bureau of Mines
and Geology

Terence E. Duaime, Herman
R. Moore, Montana Bureau
of Mines and Geology

Terrence E. Duaime, Marvin
R. Miller, Herman R. Moore,
Montana Bureau of Mines
and Geology

Terence E. Duaime, Marvin
R. Miller, Fred A. Schmidt,
Montana Bureau of Mines
and Geology; Jane Holzer,
Brian Harrison, Triangle
Conservation District, Con-
rad, Montana
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Hydrogeology (continued)

Geology and water quality of bedrock aquifers in
Billings 1°x2° quadrangle. [October 1986]

[See Isotope Geology and Geochronology.]

Hydrogeology and surficial geology of the northern
section of the Bitterroot valley.

[See Isotope Geology and Geochronology.]
[See Energy.]
[See Isotope Geology and Geochronology.]

The geochemistry of Bobcat Creek (and a tribu-
tary), in monolithologic basins in the Gravelly
Range. [1986]

The hydrochemical environment of Cold Creek and
Blayne springs near Ennis and a determination of
the suitability of water from these sources for the
Ennis National Fish Hatchery. [1986]

Study of ground-water resources near Flathead
Lake to determine quantity, quality and impacts
on cultural eutrophication. [April 1986]

Ground-water resources of the Whitefish water
and sewer district. [December 19871

Reclamation techniques and the hydrogeology of
agricultural land contaminated by heavy metals in
Deer Lodge, Powell and Silver Bow counties—
continuing.

Hydrogeology and preliminary reclamation design
of acid mine drainage, Stockett-Sand Coulee coal
field, Cascade County—continuing.

Upper Teton aquifer study: Investigation of re-
gional hydrogeology of alluvial fan and river alluvi-
al aquifers near Choteau. [July 1987]

Geologic and hydrologic inventory of first magni-
tude springs in Montana— continuing.
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Richard D. Feltis, USGS,
Helena, Montana

Rodger F. Ferreira, John
Lambing

Sue Ann Finstick, University
of Montana

Irving Friedman
David H. Hickcox
T. Kurtis Kyser

E. Tod Monks, Wright State
University

Kathy Monks, Wright State
University

Roger A. Noble, Montana
Bureau of Mines and Geol-
ogy, Kalispell

Roger A. Noble, Montana
Bureau of Mines and Geol-
ogy, Kalispell

Thomas J. Osborne, Terence
E. Duaime, John L. Sonder-
egger, Herman Moore, Mon-
tana Bureau of Mines and
Geology

Thomas J. Osborne, Marek
Zaluski, John L. Sondereg-
ger, Wayne A. Van Voast,
Montana Bureau of Mines
and Geology

Thomas J. Osborne, Thom-
as W. Patton, Roger Noble,
Herman Moore, Montana
Bureau of Mines and Geol-
ogy

Thomas W. Patton, Mon-
tana Bureau of Mines and
Geology
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Hydrogeology (continued)

Geology and hydrology of the Harlem 1:100,000-
scale quadrangle, north-central Montana. [Decem-
ber 1986]

Ground-water information center library, basic
data, interpretative and field services—continu-
ing.

Identification of glaciofluvial and buried aquifers in
glaciated portions of Montana east of the Rocky
Mountains (Havre, Harlem and Whitewater
1:100,000-scale quadrangles)—continuing.

Investigation into the occurrence of picloram and
bromacil in ground water in Missoula. [June 1986]

[See Isotope Geology and Geochronoiogy.]

Ground-water monitoring program near Scobey—
continuing.

Quantitative definition of the ground-water system
of the Flathead Indian Reservation. [March 1986]

Quantification of canal seepage on the Flathead
Indian Reservation. [March 1988]

Hydrogeologic field reconnaissance in three se-
lected areas of Montana to determine suitability
for landfill hazardous waste disposal. The areas
are in Cretaceous shales in east-central Montana.
[July 1986]

Hydrogeology of the central portion of the Bitter-
root valley, Ravalli County. [June 1986]

Mining-related hydrologic evaluations near the
Rosebud, Big Sky and Decker mines, southeastern
Montana—continuing.

Investigation of soluble salts in coal overburden
and the qualities of ground water in spoils. [1986]

Development of the hydrogeological field labora-
tory at Boulder site, Phase | construction of a pro-
duction water well and a piezometer.

Thomas W. Patton, Mon-
tana Bureau of Mines and
Geology; Roger B. Colton,
USGS, Denver, Colorado

Thomas W. Patton, Judey-
kay Schofield, Robert N.
Bergantino, Fred A.
Schmidt, Art Middelstadt,
Montana Bureau of Mines
and Geology

Thomas W. Patton, Mon-
tana Bureau of Mines and
Geology; Roger B. Colton,
USGS, Denver, Colorado;
Tim Bozorth, Bureau of
Land Management

Mike Pottinger, University of
Montana

Robert O. Rye

Fred Schmidt, John L. Son-
deregger, Marvin Miller,
Montana Bureau of Mines
and Geology

Steven E. Slagle, USGS,
Helena, Montana

Steven E. Slagle, USGS,
Helena, Montana

Alice Stanley, Montana
State University

William Uthman, University
of Montana

Wayne A. Van Voast, Mon-
tana Bureau of Mines and
Geology, Billings

Wayne A. Van Voast, Mon-
tana Bureau of Mines and
Geology, Billings

Marek Zaluski, Montana Bu-
reau of Mines and Geology
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Hydrogeology (continued)

Prediction of the Berkeley Pit (Butte) filling time
and water quality under the hypothetical situation
of an enhanced fiooding of the pit. [November
1986]

Marek Zaluski, Montana Bu-
reau of Mines and Geology

Geomorphology and Glacial Geology

Late Cenozoic evolution of the lower Bighorn River
area with emphasis on local and regional tectonic
controls. [1986]

[See Areal Geology.]

The quaternary evolution of the lower portion of
Jack Creek, a tributary to the upper Madison
River, Madison County. A flight of at least 9 ter-
races will be examined to determine controls on
processes of terrace formation, and the timing of
abandonment of terrace surfaces will be assessed
using relative dating techniques. [June 1987]

Quaternary chronology in Glacier National Park.
[1986]

[See Isotope Geology and Geochronology.]

Glacial geology of the Boulder River valley above
McLeod, Park and Sweet Grass counties. Includes
only the area north of the Beartooth front, where
deposition representing three stages of two gla-
ciations has been identified on the basis of relative
dating techniques. [June 1986]

[See Geochemistry, Mineralogy and Petrology.]
Quaternary geology of eastern Montana.

Hornblende depletion and etching as an indicator
of relative age of glacial deposits in the Tobacco
Root Range—continuing.

Glacial geology of the Bear Guich valley, Tobacco
Root Mountains— continuing.

[See Structural Geology.]
[See Hydrogeology.]

[See Hydrogeology.]

Sherry S. Agard, USGS,
Denver, Colorado

M. J. Bartholomew, Edith
M. Wilde, Roger B. Colton,-
Earl E. Brabb, Faith Daniel

James Bearzi, William
Locke, Montana State Uni-
versity

Paul E. Carrara, USGS,
Denver, Colorado

Donald A. Coates, Edward
L. Heffern

Vance Drain, William Locke,
Montana State University

Charles O. Frank

David Fullerton, Roger B.
Colton, USGS, Denver, Col-
orado

Robert D. Hall, Indiana Uni-
versity/ Purdue University,
Indianapolis

Robert D. Hall, Indiana Uni-
versity, Indianapolis

John Montagne

Thomas W. Patton, Roger
B. Colton

Thomas W. Patton, Roger
B. Colton, Tim Bozorth
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Geomorphology and Glacial Geology (continued)

Study of the sequence and timing of alluvial fan
development, Beartooth Mountains.

[See Structural Geology.]

Tectonic geomorphology of the Madison Range
fault; implications for paleoseismicity and fault seg-
mentation. [Spring 1986]

Quaternary geology and geomorphology of the
Madison River valley. [1988]

Paraglacial landform development along the Madi-
son Range. [December 1986]

Rock glaciers of the Taylor Peaks, Madison
Range. [1987]

Dale Ritter, Southern lllinois
University; Marvin E. Kauff-
man, American Geological
Institute

Nick Schneider

Nick Schneider, Southern II-
linois University; Larry
Mayer, Miami University,
Oxford, Ohio

Nick Schneider, Dale Ritter,
Southern lllinois University

Nick Schneider, Dale Ritter
Southern lllinois University

Christopher W. Shaw, Uni-
versity of ldaho

Environmental and Engineering Geology

Transport of heavy metals in Clark Fork River sedi-
ment. [June 1987]

[See Stratigraphy, Sedimentary Petrology and
Paleontology.]

Characterization of suspended sediment and
baseline conditions related to the proposed Cabin
Creek coal mine in the headwaters of the North
Fork of the Flathead River. [December 1987]

Mineralogy and phosphorous adsorption proper-
ties of clay sediments in the Flathead River drain-
age. [December 1986]

[See Hydrogeology.]

[See Isotope Geology and Geochronology.]
[See Structural Geology.]
[See Structural Geology.]

Edward J. Brook, University
of Montana

Johnnie N. Moore

Roger A. Noble, John L.
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Jack A. Stanford, University
of Montana Biological Sta-
tion

Roger A. Noble, Montana
Bureau of Mines and Geol-
ogy, Kalispell; Jack A. Stan-
ford, Bonnie K. Ellis, Univer-
sity of Montana Biological
Station

Thomas J. Osborne, Ter-
ence E. Duaime, John L.
Sonderegger, Herman
Moore

Kenneth L. Pierce
Nick Schneider

Michael C. Stickney, M. J.
Bartholomew



31

Index
Agard, Sherry S. .......... ... 29 Dolton, Gordon L. ......cvvviiiiiiinnnnnnn. 23
Antweiler, JohnC. .................ccvvunn.. 21 Donohue, David ............cciiiiiiinnnn. 26
Archibald; J. David ..o oamanmmmsssesssan 8 Donovan; Joseph ::cwuwiiivaiis s 26
Armbrustmacher, Theodore J. ........... 13,23 Dorobek, S. L. ......cciiiiiiiiininann, 8, 14
Armott; Be Wi s caminiessos s ibmmmiomasissasas 7 Downey, JannetteL. ............. 13, 17, 23, 25
Attanasi; E. D: e o o5 apommams s o s o540 21 |Drain; Vanee ...scassi ves s s s s 29
Banet, A. C. ... ..ot e 1 Dresser, Hugh ...........ccciiiiiiiiinnann., 6
Bartholomew, Mervin J. ...... 1,7,8,23,29,30 Drew, L. J. cocieeiviivansvinmonnmmeisiis 14, 22
Bawiac, Wi J. & wuicoumi s i 55 » s s e s 5 o0 21 Duaime, Terence E. ................. 26, 27, 30
Bearzi, James ...............iiiiiiiiiit, 29 Durst,SherryL. ... 1,3
Belt, Edward S. .......... ..., 8 |Eggleton, R. E. ocicciviiaiisismimunmmoonnss 1
Berg, Richard B. .................covuut, 1,21 Elder, William ............cccviiiiiinnnnnnn. 8
Bergantino, Robert N. ............. 1,25,26,28 Elliott, JameS E. ...c.iivisisiennuinsvoneass 22
Berger, ByronR. ............. ... ...l 13,21 Ellis,Bonnie K. ...........cciiiiiiiiiinnn. 30
Blount, Alice M. ..............cciiiiiiin.n 21 Elston, Donald P. .................... 8, 20, 22
Bonini, William E. ....................... 3,20 Emilsson, Gunnar ...........ccviiiiiinnn 20,24
Bozorth, Tim ........civiiiiiiiiiinnnns 28,29 Erslev, Eric ................. 4,6, 14, 16, 18, 19
Brabb; EarlE. wsis. . s ssmmmsness a5 s anmas 1,29 Feeley, Todd .........ccovvvvvnnnnnnnn. 16, 19
Brady, John B. ..iv.iveamemeiisssesenss 13,21 Feltis, Richard D. .............covvvvinnn. 27
Briar, David ...........ccoiiiiiiiiiii 25 Ferreira, Rodger F. ..................... 18, 27
Brook, Edward J. ..............iiiiiiinnn. 30 Fields, RobertW. ...........ccovvviiiiinnnnn. 8
Brookins, D: Qe . cvusssmmaiimicssssssensin 14,21 Finstick, Sue Ann ..........coiiiiiiiiiiinn 27
Brooks, Tom .......coiviiiiiiiiiiiiiinnnn 25 Flores, Romeo M. ..........ccoiiiiiiinnnn. 24
Brown, Jeffrey S. ........ ... i, 3 Flynn,JohndJ. ...t 8,18
Buckley, Stephen N. ........................ 3 Fo0088; M P: cinasscssssassnnnmmmasmessss 22
Bugosh, Nicholas ....:c.:cvvevwmniicessonns 25 Frank,CharlesO. ..............cvvennn. 14, 29
Burkhart, Patrick ...............c.0iiiin.n, 14 Friedman, Irving ........ovviiiiinnnn... 18, 27
Calder, ANdrew ..........covviiiinennnnenns 3  Fullerton, D. S. ... ..ot 1,29
Caldwell, Mark :.....,.coseinnesissnsssosns 3,8 Garbaccio, Bruce ..........cciiiiiininiinnn 14
Canney, FrankC. ............cciiiiininnn. 20,21 Gareau, M. ... 22
Cannon, Mike ...............ciiiiiiiinnn 25 Garihan, John M. ...............ccviinn, 4,6
Carlson, Garry J. .....cccvveneneinvnnnennns 20 Gassaway, Judith S. ................ 1,3,8, 24
Carlson, Robert R. ..............ccuvunn. 14,21 Geiger, Beth) s civissisunmmmammmsssssassssse 4
Carrara, Paul E. .........coiviiiniiinnnnnnnn 29 Geissman, John W. ..........cvvivvnnnnn 4,20
Carter, M. D: .cvivvvvrivvmmniniivsesssnnes 23 Gendzwill, Don .........coiiiiiiiinnn. 4,20
Charpentier, Ronald R. ..................... 23 Gilmour, Ermest H. ....i.covviivenansiiiisnsas 9
Christensen, KimC. .................ccvvnnn. 1 Goodwin, Mark .......coiiiiiiiiininnnnnnn, 9
Christiansen, Robert L. ..................... 14 Gosse, Linda ...........coiiiiiiiiiinininn 20
Clark, Charles W. ., :..:comovimniisssssnusosos 3 Gromme, C: S . ::vsiunmmmpemaneiosssss i 20
Clayton, Jerry L. .....oovviiiinnnnnnnnn. 14,23 Gruber,Jim ...... ... 24
Clemens, William A. ........................ 8 Gutmann,James T. .................. 2,16, 18
Clement, William P. .........ccovvviinnennn. 20 Hague, Robert M. ....................ooe 4
Coates, Donald A. .................. 18,23,29 Hall,RobertD. ...........cvviviiiiiiinnnnn. 29
Cobban, William A. ..............c.ccvvnnen.. 8 Hammarstrom, Jane M. .................... 18
C08, DOUQ « » ssisammms 53 5 53 avoiisss s e s s 17,26 Hanley, John H. « ..« cvvmammmsssisiiseaonens 9
Colton, Roger B. .................. 1,3,28,29 Hanley, ThomasB. .................... 4,15,17
Coppock, David ..............cciiiinnnnn. 23 Hanneman, Debra ................. 4,9, 12,18
Craiglow; Carol J. ... vvwiveisisseisnannnns 3 Hangen, Bill .:::::iicmsvmnneisissisesmamin 24
Caster, Stephan G.: « « s cismsiaia s s s s 5 s e 25 Harrison, Brian ..........00iiiiiiiiiia 26
Czamanske, G. K. ............cviiiiinnnn, 14 Harrison, Jack E. ............coiiiiiiiiinnn 2
Dahl, Peter S. ........cciiiiiiiiiiiiinnn, 14 Harris, Mary K. ...t 9
Daly;, Daniel J. .ci...iummunnseissssoasmenais 8 Hartman, Joseph H. ...............c.ccouunn. 9
Daniel, Faith ...............ccviiinnn. 1,29 Hearn, B. Carter ................co0vnnn 15, 18
Daniel, John A. ...ttt 8,23 Heffern, Edward L. .................. 18, 23, 29
Davis, Robert ................cvvvunn.. 25,26 Helz, Rosalind T. ..............ccovvvvnnnnn. 15
Derkey, Pamela Dunlap 2, 8, 12, 14, 21, 22, 23,25 Hendricks, Robert C. ................ccvuunn 14
Derkey, RobertE. .................... 2,14 ,22 Hendrix, Thomas E. ...................... 4,6
Diebold, Frank .............cccvvvvvnn. 17.25: HONY, D: siivivissnsnsmmnnamesssirsiss 16,19
Dolberg, David M. ..........ccoiiiiiinnnnnn. 4 Hess, David F: ciovivvoisavmmmmenmmensss 15, 17



32

Hickcox, DavidH. ....................... 24,27
Hickay, L0 Jdi cissasmenaiivisissamsmmessda 9
Holzer, Jane .. ommmias sessss wasemion e 26
Horner, Jack ........cooiiiiiiiiiiiinninnnns 1
HoWES, /SUSAN = ::uvmmsszisssssommma@nidsss 1
Hyndman, Donald W. ...................... 15
Ivineg, A J. oo e 15
James, Harold L. ................ccooiiunnn 22
Jonsan; ROY .uwinvessss smmame s sss s 9,24
Jobin, Daniel A. .........ciiiiiiiii e 24
Johnson, Larry M. ... .. i 5
Kachek, Dave ......:.ccvrcunmvemmnrisanssons 9
Kauffman; Erfle G. woivivssvmmammasasssnsaws 9
Kauffman, MarvinE. .................... 11, 30
Kent, Bion H. ......coiiiiiiiiiiiinnns 9,24
Kidder, David L. ........ccovvviiiiiniinnnnn. 9
Kinley, Teresa ............c.coviiinniennennns 22
Kleinkopf, M. Dean ................ccvvvnn. 20
Krause, DavidW. ...........ccoiviiiiiinnnn 10
Kyser, T. Kurtis ...........ccoiiviiiienns 18, 27
Lageson, David R. .................... 5,6, 12
Lambing; JOhN .cwmezssssssmmmmnmarssiss 18,27
Lange; lan ::.swsewsssvssssvmammesyesiva 15,22
Lankston, Robert ............ccovviiiinnnnn 20
Lawson; DOt Ci c:v:immmman s o s s s wmatsi 22
Lewis, Sharon E. .............c.iiiinn. 2,18
Lidke, David ........coviiiiiiiiinninninnnns 5
Lipin, Bruce Re: « s s s smmmmmie e 5 5 5 5 5 wwmiemiss s 22
Locke, William ............ccviiiiiniinnns 29
Loferski, Patricia J. ..............ccoiiiinnn. 15
Ludwig, KennethR. ........................ 19
Luedke, R: Q. « s . cmammessiodssammimassss 15
Mackie, Thomas L. .............coiiivnnnt. 10
Martin, Gerard ..........ccoiiiiiiiinnninnnns 5
Mathieson, Elizabeth L. ...................... 5
Matsueda, Hiroharu ........................ 22
Maughan, Edwin K. ................o.00 10, 24
Mayer, Larry ......coviiiiiiii i 30
McBride; Barry .- scwwmsnicsssss pmansmasssiss 5
McCallum, I. S. ... 15
McClellan, Marguerite ................... 2,24
McClernan, Henry G. ................. 2,20, 22
McKenna, Malcom C. ................. 2,8, 18
McLeod, PaulJ. ..........ccoiiiiiiiiinnnn. 15
Meyers, James H. ................ccvnnnn 10
Michaud, Dennis ...........cccvviiivnnnnnnn 10
Middelstadt, Art ............ccoiiiiiiininnnn 28
Miller, Erick W. ... ..o 5
Miller, Marvin R. .........coiiiiiiiinnn. 26, 28
Mitchell, Michael M. .................coiunt. 5
Mogk, Dave ...............ccciinnnnn 15, 16, 19
Monks, E. Tod .......oiiiiiiiiiiiiieinnns 27
Monks, Kathy ..........coiiiiiiiiiinnnnns 27
Montagne, John ................cchennn. 5,29
Montellano, Marisol ......................0n 10
Montgomery, CarlaW. .................. 15, 19
Moore, Herman R. .................. 26, 27, 30
Moore, Johnnie N. .................c.... 10, 30
Moorse, William ..........cciiiiiiiiinnnnn 20
Mora, (C.. i v s wmmammias s s s 5 5 s o 8 16, 19
Moreland, Joe E. ............cciiiiiiiiinnn 26

Morris, Ellen Mullen ................ ..., 16, 19
Mosier, Elwin L. ...t 22
Moss, Calvin K. ...t 20
Mueller, Paul A. .................. 4, 16, 18, 19
Naeser, Charles W. .............ccciiivvnnn. 19
Nichols, Douglas J. ..........c.coovviiiinnnnn 10
Noble, RogerA. .........covviiiiiiinnn, 27, 30
Ort, Kathleen ...:siisssmmmsmsmmnsvscasaies 5
Osborne, Thomas J. .........ccvvnvvnnnn 27, 30
O BHEN, He ivvvnnssinsissmansmesesidaisdisn 15
O’'Neill, J. Michael ...............cccvuunn 5,6
Palmquist, John C. ................cc0veen 5, 16
Paseczyk, Mike ...............cciunnn 16, 22
Patchett, P. Jonathan ...................... 19
Patton, Thomas W. ................. 27,28, 29
Paull, Rachel K. .........ccovviiiiiininnnn, 10
Palill, Richard A, :cowmmmsievsnsssns s sapeies 10
Payne, Richard Allan ....................... 20
Perry Jr., William J. ................ 2,6,10, 24
Peterson, James A. ........ ...ttt 24
Pierce, FrancesW. ..........coiiiiiinnnnnns 24
Pierce, Kenneth L. ..................000 19, 30
Poole, Forrest G. ............ccooviivnnnn 10, 22
Pottinger, Mike .............ccoiiiiiiiiint 28
Powers, Richard B. .......cccomvvivamenases 24
Pushkar, Paul ............ccoiiiiinnnn 2,16, 18
Quiglay, Dan C. . ..o.osesassmmmmuasneiissss 1
Randall, Jr., William A. ................. 21,23
Reid, Steven K. .......cciiiiiiiiiiiinnnnn 1"
Reynolds, Mitchell W. ................... 2,23
Rice, Dudley D- ::.usasmmasssssssisssams 16, 19
Richmond, Doug ..:.:civivivvnvivaiasranns 16
Rigby, Jr., J. Keith ..................ou 1
Ritter, Dale F. .....oovvuririnneeeeennnns 11, 30
Robbins, Elizabeth A. ..............ccovvens. 6
Roberts, Alan R. ...........cvviiiiennn 6, 24
Robison, R: A: i vvvenmmsissssisssssssnis 1
Robocker, J. Elise ........cocviiiiiiiniinnnn 1
Roehler, Henry W. ...........ccooiivunn 11, 24
Runkel, Anthony ............cciiiiiiiinanns 1
Rupp;, JOhn A: usswesmssssossssssnmmainem 17
Ruppel, Edward T. ......... ..o, 2
Rutland, Carolyn .............ccovvvinnnnn 6, 16
Ryan, Michael P. ..............cccivennn, 16
Rye; Robert Q. .owmnissiireisssnmmas 19, 23,28
Salt, Kenneth J. ............cciiiiiinnn, 6, 16
Sandberg, Charles A. .................... 6, 10
Sando, William J. ............counnnn 6, 10, 11
Schaefer, Michael J. ............covviviinnn 16
Schmidt, Christopher J. ............... 4,6, 16
Schmidt; Fred A. .« ccsmmmvmessisssissana 26, 28
Schmitt, James ..............covunnnn 6, 11, 12
Schmoker, JamesW. .............cc0uuen 12, 24
Schneider; Nick . .commssns o sinssismmas 7,30
Schneider, Richard C. ..................00s. 12
Schofield, Judeykay ................000innn 28
Scholten, Robert .............ccoviiiiieennnn 1
Semmens, Dave ...................c.00 20, 24
Shannon, Eileen L. .............ccoivnnnn 7,16
Shaw, ChristopherW. ...............c0000en 30

Sheriff, Steven D. ...........ccoiiiiiiinnn 7,21



Sholes, Brenda ...............ccoiiiiennnn, 2
Sholes; Mark A. ccvssvissimimsoeieines 12, 25
Sill, William .............cooiiiiiia, 20, 24
Sinclair, A. J. ... 22
Sinha; A Ke sownvamirviiss ommmmnisisisss 17,19
Skipp, BOtY ....csmemossssosnmamanionssiess 2
Slagle, Steven E. ..............ccooii... 28
Smith, John ... .t i e 17
Smith, Robert B. «.cccsaiicasiaaninioassss 21
Smith, Tad M. ..o, 12
Sonderegger, John L. ............ 25, 27, 28, 30
Stacey, J. S i civennion s iv e summasismE ve e s 19
Stanford, Jack A. ......... .0 30
Stanley, AlICE ........coiiiiiiiiiiiiiean 28
Stanley, Dan .......................... 17, 23
Steidtmann, JamesR. .......... ...l 1
Stickney, Michael C. ............... 1,7, 21,30
Straw, W. Thomas ................cuuunn 7,12
Suttner; ILee J. .cseanines s s namarens i ss s u 12
SWaDD, SUSBAN v v« s s s srmmmimiim s s s .3 5wt 6, 16
Talanda, Jean ...............coviiiiiiiiiann 7
Tatsumoto, Mitsunobu ..................... 19
Thomas, Michael B. ...................... 2,7
Thompson, G. R. ............cvvvne. 12, 17, 23
Thornburg, Janet Bauder ...................

Thurston, Peter .........ccoiivvrnnenennnes 17
Todd, Judi «.ovemveeeiiemiimmmnssreseas 17, 25
Utgaard, John ..........ccooiiiniiiinnn 12
Uthman, William .......covvviiiiiininnnnns 28

Van der Voo, R.

33

Van Voast, Wayne A. ................ 26, 27, 28
Vitaliano, Charles J. .................... 15, 17
Vogel, Thomas A. ...........ccciiiinnnnnn. 16
Volborth, Alex ..........ccovvvvennnn. 16, 17, 22
Vuke-Foster, Susan M. ................ 1,3, 25
Walker, Susan' C. ...:..siusesiswnsssinsssss 17
Wallace, Chester A. ..........c.covvuunnn 3,13
Wardlaw, Bruce R. ............cooviiunt, 13
Watson, Kenneth ................coovvunnn. 21
Webster, G. D. ......ciiiiiiiiii it 13
Weiss, Christopher ...................... 7,21
Whipple, JamesW. ..........cciiiiiiinninn. 3
White, Brian ..........ccoiiiiiiiiiiiiiii 13
Wideman, Charles ...................... 20, 24
Wilde, EdithM. ............ 1,13, 17, 23, 25, 29
Wilkie; Kurtis .. swmemmmeascssessssssssms

Wilson, MarkR. ..., 19, 23
Winston, Don .........oiiiiiiiiiii i 13
Wolfe: J. As .o inemsmemmmmesissessssssosmns 13
Wooden, Joe L. .............cooiiii. 16, 19
Woods, Marvin ........coiiiiiiiiii i 13
WysSs; ANAre: .uoisicsisiss s i sssmsasas 8, 18
Yuretich, Richard F. ........................ 13
Zaluski, Marek .................. 26, 27, 28, 29
Zehner, RichardE. ...................... 18, 23
Zeihen, Lester ............ccivvininnnnnn 18, 23
Zen, E-an ... .. i 18
Zientek, M. L «ciomammnnis €465 5 5 5 5 mammmaems 23
ZImMmerman; JAY' wuwes s esises s s vwmmasemis 7



Back Pocket

Sheet 1—Index map of Montana.
Sheet 2—Index map of southwestern Montana.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38

