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Top of Upper Au Train Falls
Sandy dolomite, grayish-blue to dark blue, beds 4-10 inches thick, some interbedded
buff fine- to medium-grained sandstone units, several horizons contain abundant
glauconite and authigenic pyrite |

Glauconitic

Sandstone bed 6'' thick, buff to light gray, medium- to fine-grained, well rounded
and well sorted

Sandstone bed, same as above

Sandstone bed, same .8 above

Authigenic pyrite filling vugs
Pure dolomite

Highly glauconitic

Authigenic pyrite filling vugs

Sandstone bed 8'" thick, fine- to medium-grained, buff to light gray, well rounded
and well sorted

Abundant authigenic pyrite

Highly glauconitic
Base of Upper Au Train Fulls

Covered interval between Upper and Lower Au Train Falls

Sandy dolomite to dolomitic sandstone, buff to bluish-.gray, beds 2'-6" thick, generally
separated by thin lenses of silt or clay, bedding planes are undulatory, percent of sand
varies throughout the section, glauconite extremely abundant especially near the base

Glauconite and clay galls
Crest of l.ower Au Train Falls

Glauconite concentrated along several horizons, sandy units exhibit small-scale
cross bedding, thin shale lenses separate units

Glauconite is extremely abundant as it constitutes between 10-30 percent of many
thin units

Hurd, weathers dark brown, beds from 8'"-12" thick, several horizons contain
pebbles of sandstone and dolomitic sandstone which apparently constitute an
intraformational conglomerate

Base of Lower Au Train Falls
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formation.

formgtion,

frequency of joints in the Jacobsville

Rodii of circles = 3 joints

frequency of joints in the Munising

Strike frequency
the Jacobsville formotion. Redius of circle = 3 dikes

Radii of circles = 3 joints

of the clastic dikes in

Strike frequency of joints in the Au Troin
formation, Au Train Falls. Rodius of circie = 10 joints
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INDEX

Agate Falls, red siltstone at, 44
Age and correlation, Au Train for-
mation, 120
Jacobsville formation, 59
Munising formation, 114
Alger County, Au Train formation in,

Chapel Rock member in, 77

Miner’s Castle in, 100

Munising formation in, 63, 73

Pre-Munising surface of, 63
Animikie, use of in nomenclature, 12
Areal photos, use of, 3
Au Train Formation, 114, 115

age and correlation of, 8, 120

Au Train vs. Hermansville, 3

cuesta, 12

defined, 116

description, 117

lithology, 119

members, 119

outerops, 117

references to, 12, 108

relation to Lower Black River, 120

sections at Au Train Falls, 118

type locality, 116

Bacon, L. O., gravity work of, 57
Baetcke, Berndt, cited, 4
Basal Conglomerate Member, 63, 65,
69, 72, 73
composition, 73
origin, 76
pebble counts, 75
texture, 75
Bedding, discussion of, 43
attitude of, 121
in massive sandstone, 43
in Miner’s Castle member, 106
in sandstone facies, 33
Bergquist, S. G., referred to, cited, 7,
100, 115
Bramlette, M. N., referred to, 102
Briggs, L. 1., referred to, 3
Bulter, B. S. and Burbank, W. S, re-
ferred to, 122, 124
Cambrian sandstones, location of
study of, 1
age of, 8, 139
Canadian Shield, 32
Channel fill, 32
Channel structures, discussion, 34
in sandstone facies, 34
Chapel Rock member, 71, 77
clay pellets, 90
color, 78
composition, 78
concretions, 87, 89
correlation, 144
defined, 77

dikes, 90
exposures, 77
heavy minerals, 79, 81
mud cracks, 86, 88
ripple marks, 87, 89, 94
sedimentary structures, 84
shape, 95
texture, 82, 83
thickness, 77
tracks, 87
type locality, 77
Cohee, George, referred to, 7
Columnar sections, at Au Train Falls,
118
Miner’s Castle, 97
Tahquamenon Falls, 97
Concretions, 87, 108
Conglomerates, base of Munising, 68
in Marquette County, 32
Keweenaw, 32
Conglomerate facies, 26
Conclusions re correlations, 139
Contact, formational, 17, 48, 68, 90,
91, 117, 119
Cores, studied, 3, 100, 116
Correlations, 114, 139
Cracks, dessication, 41
cracks)
Cross-bedding discussion, 36, 52
analysis of, 93, 108
direction, 54, 110, 111
ingChapeI Rock member, 84, 92,
3

(See mud

in Miner’s Castle member, 106,
108, 110, 111
in sandstone facies, 36
planar type, 37
trough cross-bedding, 37, 51
Cross-stratification, massive
stone, 43
fluvial type, 37
planar type, 39

sand-

Denning, R. M., referred to, 3, 8
Dickinson County, Au Train forma-
tion, 117
Miner’s Castle formation, 100
Munising formation, 63
outerops in, 2
Pre-Munising surface of, 65
Dikes, in Jacobsville formation, 63,

131
Dikes, elastic, 131
composition, 133
description, 131
in Chapel Rock member, 90
location, 131
origin, 133
Dresbach, correlations, 114
Driscoll, E. G., heavy mineral study, 8



INDEX

Eastern lowlands, 82
“Eastern sandstone”, 5
Erosional surface, Precambrian high-
lands, 12
Pre-Jacobsville, 46
Pre-Munising, 63

Facies of Jacobsville, 26
conglomerate, 26
pebble count, 28
lenticular sandstone, 33
massive sandstone, 42
red siltstone, 44
Factors favoring Keweenaw age, 60
Faults, normal, 125
thrust, 125 (See Keweenaw)
Field work, methods, 2
Fluvial deposits, cross stratification,
37, 139
Fossils, 112, 114, 120
Foster and Whitney report of, 4, 5
Franconia, correlation, 8, 114
Franklin, Bruce, referred to, 4
Freda sandstone, 5, 61, 62
correlation, 62
pebbles in Jacobsville, 61

Geologic History Summary, 135

Glauconite, 119

Graham, A. W., reference, 115

Grain side distribution, 105

Grand Island, exposures, 34, 42, 60,
62, 63

Gravity anomalies, map, 55

“Gravity High”, 18, 57

Heavy minerals, 2, 3, 18, 22, 79, 102
Hermansville, 5, 7, 8, 115

vs. Au Train, 115
Highlands of Keweenaw Peninsula, 11
Hotchkiss, W. O., cited, 59, 61
Houghton, Douglass, report of, 4, 59
Hultman, J. R., 8
Huron Bay area channel deposits, 31

Irving, R. D., 5
Irving, R. D. and Chamberlain, T. C.,
reference, 32, 33, 124

Jacobsville formation, 15, 139
age, 8, 59
areal extent, 15
attitude of bedding, 121
color, 23
composition, 18
correlation, 59, 139
defired, 5, 15
exposures of, 15
facies, 26
heavy mineials, 18
joints, 25, 126, 127
sedimentation, 135
source area, 51, 57, 139
texture, 23
theories re, table of, 9
thickness, 16, 17

Joints, and Keweenaw fault, 129
and Michigan Basin, 129
in Au Train formation, 128
in Jacobsville formation, 126, 127
in Munising formation, 128
pattern of, 130

Keweenaw Bay Lowlands, 11, 17, 42,
44

Keweenaw Fault, 2, 11, 31, 33, 121,
122
age of, 123, 125
at Victoria Falls, 122
at Walled Ravine, 122, 124
Keweenaw Peninsula Highlands, 11
Keweenaw Series, age, 4
contact with Jacobsville, 61
deformation of, 135
Keweenawan age of Jacobsville, 60, 61
factors favoring, 60
factors opposing, 61

Laboratory work, 3
Lacustrine deposition, 44
“Lake Superior Sandstones”, 4
Land Economic Survey, 7
Landes, K. K., reference, 15
Lane, A. C. and Seaman, A. E,, refer-
ence, 5, 71
Leith, C. K., Lund, R. J. and Leith, A.,
views of, 15
Lenticular sandstone facies, 33
Leverett, Frank, cited, 13
Limestone Mountain, age, 121
Munising basal conglomerate, 76, 77
structure, 121
Luce County, exposures in, 13

Marquette County, 12, 18, 29, 32, 42,
117

Martin, Helen M., reference, 4, 5
Martin, Laurence, cited, 47
Massive sandstones facies, 42
McKee, experiments in cross stratifi-
cation, 37, 38, 39
McKee and Wier, cited, 51, 106
Michigan Geological Survey, 3, 5
Miner’s Castle member, 71, 95
color, 106
composition, 100
concretions, 108
defined, 95
heavy minerals, 102
mud cracks, 108
ripple marks, 108
sedimentary structure, 106
texture, 103
type locality, 95, 130
Mud cracks, 86, 88, 108
Munising Formation, 5, 7, 71, 139
age and correlation, 7, 71
attitudes of bedding, 121
contacts, 63, 69
deformations at Limestone Mt., 121
fossils, 114
iso-pachous map of, 56
lithology, 71

INDEX

Munising Formation—Cont.
members, 71, 73, 77, 95
source area, 55, 139

Murry, R. C., reference, 126

Nomenclature of Cambrian, 4, 6
Northern Michigan Highland, 55, 57,
94, 100, 135, 139

Oetking, P. F., reference, cited, 8, 71,
120, 126, 131
Opileta, discovery of zone, 7
Outcrops, location types, 2
(see formations, members)
“Ozarkian”, 115

Paleogeography, of Chapel Rock mem-
ber, 93
of Jacobsville formation, 51, 136
of Miner’s Castle member, 108, 140
Munising time, 138
Pebble counts, 28, 75, 90
Pewabic Mine, fossil locality, 114
Physiography of Cambrian area, 11
Pictured Rocks, 15, 71, 77, 90, 91, 95
Planar cross bedding, 37, 39
cross stratification, 39
Pleistocene, 12, 13
Precambrian, 17, 18, 23, 30, 32, 57, 69,
117
Precambrian Highlands, 12, 26
Pre-Jacobsville surface, 46
Pre-Munising surface, Alger County,
63, 66
in Dickinson County, 65, 117
Prosaukia zone, 114

Red siltstone facies, 44

Reduction spheres, 23, 24
Regolith, pre-Jacobsville, 48
Ripple marks, 43, 87, 94, 108, 109
Roberts, Ellis, reference, 8, 121
Rominger, C. L., reference, 5, 115

Sandstones, Lake Superior, 1, 4

Sandstone facles, 41

Schooleraft County exposures, 13

Schooleraft, Henry, reference, 4

Section, Pewsbic Mine to Tahqua-
menon, 114

Sedimentary structures, 43, 84, 106

Sorenson, Harry, reference to, 4

Source areas, 51, 55, 57, 139

Spiroff, K., cited, 30

Stokes, W. L., cited, 37

Stream patterns, 52

Structures, of Cambrian formation,

Munising, 123

sedimentary, 32, 33, 34, 84
Sturgeon Falls, unconformity, 61, 62
Stumm, E. C., reference, 3

Tahquamenon Falls, 77, 94, 95, 96
Texture of sediments, 23, 76, 82, 103
Theories re stratigraphy of Jacobs-
ville, 9
Thompson, W. O., cited, 93
Thwaites, F. T., reference, cited, quot-
ed, 5, 7, 60, 61, 71, 115
Tracks, 87
Trough cross bedding, 37, 43
Type Localities: Au Train, 116
Chapel Rock, 77
Jacobsville, 65
Miner’s Castle, 95, 130
Munising, 71

Ulrich, E. 0., 7, 71
Unconformities, 43, 46, 61, 62, 63, 93,
139
Jacobsville—Animikie, 63
—Freda, 62, 139
—Keweenaw basalts, 62
—Michigamme slate, 30
—Munising formation,
62, 139

—Precambrian, 17, 41,

48
Miner’s Castle—Chapel Rock, 93
Munising—Precambrian, 69 .
U. S. Geological Survey, Topographic
maps, 3

Van Hise, C. R. and BQery, Ww. S,
reference, 5, 115
Vanlier, Kenneth, 4, 15
Ver Wiebe, W. A., 7
Victoria Falls, Jacobsville, 42, 43
Keweenaw Fault, 122

Walled Ravine, conglomerate of, 31,
32, 33
and Keweenaw fault, 122, 124
Waterfalls and Au Train formation,
13, 99
Wier, Kenneth, reference, 4
“Western Sandstone” (Freda), 5
Wetmore Landing, channel structures
at, 34
cliffs of, 34
faults near, 126
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THEORIES PROPOSED FOR THE STRATIGRAPHIC POSITION

AGE

Subsequent to
Carboniferous

Triassic

New Red
98 equivalent

Permian

Old Red
SS equivalent

Silurian

Caleciferous

Potsdam

Older than
Potsdam

Cambrian

Middle
Cambrian

Keweenawan

TABLE 1

OF THE JACOBSVILLE FORMATION

INVESTIGATOR

Owen, D. D.
Jackson, C. T.

Bell, R.

Houghton, D.
Rogers, H. D.
Jackson, C. T.
Marcou, J.

Macfarlane, T.

Schooleraft, H. R.
Bigsby, J. J.
Bayfield, H. W.
Locke, J.

Bigsby, J. J.

Brooks & Pumpelly

Dana, J. D.

Hubbard, B.
Foster & Whitney
Owen, D. D.
Rivot, L. E.
Rominger, C.

Wadsworth, M. E.

Irving, R. D.
Allen, et. al.

Logan, W.
Whittlesey, C.

Van Hise & Leith
Lane & Seaman

Raasch, G. O.
Winchell, N. H.
Logan, W.

Hotchkiss, W. O.
Thwaites, F. T.
Leith, et. al.
QOetking, P.

DATE

1848
1861

1869

1843
1848
1849
1850

1866

1821
1824
1845
1847

1852
1872

1862

1850
1851
1851
1856
1873
1880
1883
1916

1847
1867

1911
1907

1951
1895
1851

1933
1934
1935
1961

BASIS FOR
CONCLUSIONS

Strat. position

Lithology and
strat. position
Lithology and
strat. position

Unconformity
Reportad fossils
Strat. position

Lithology

Lithology
Lithology
Strat. position
Strat. position

Strat. position

Strat. position
Strat. position
Strat. position
Strat. position

Strat. position
Strat. position

Strat. position
Unconformity

Unconformity

Simi
Simil

arity to Bayfield
arity to Bayfield

Simi.

arity to Bayfield



TABLE 2

PEBBLE COUNTS OF THE CONGLOMERATE FACIES IN THE
JACOBSVILLE FORMATION

Carp River*#**
(after Hultman,

Type of pebble Thoney Point* Garlic Island** 1953)
No. percent No. percent No. percent

Vein quartz 137 51.5 230 62.0 0 0
Potash feldspar 63 23.8 59 15.7 0 0
Quartzite 23 8.5 8 2.2 108  40.0
Peridotite 12 4.5 0 0 0 0
Clay pellet 12 4.5 23 6.2 4 1.8
Chert 8 3.0 2 0.5 0 0
Iron formation 8 3.0 24 6.5 18 8.3
Slate 1 0.4 18 4.9
Dolomite 0 0 1 0.2 47  21.0
Sandstone pebbles 0 0 | 5 1.3 3 1.4

*Calcite cement constitutes approximately 20 percent of the rock.
**Calcite cement constitutes approximately 30 percent of the rock.
**%*Conglomerate facies consists of large boulders occurring in lenses through-
out a stratigraphic thickness of approximately 200 feet.



TABLE 3

Pebble Counts of Basal Conglomerate of Munising Formation.

Pictured Chapel Sable

Type of Pebble L. W.F. AuTrain Grand
Spur. Spur. Island Rocks Falls Falls
percent percent percent perceht percent percent
Vein Quartz
clear 10.3 11.3 9.3 6.8 28.5 4.2
milky 10.3 94 3.2 6.2 14.7 4.5
smoky 4.6 0.9 1.2 3.1 0.0 1.0
Total Vein Quartz 25.2 21.6 13.7 16.1 43.2 59.7
Quartzites
red 20.6 4.2 14.7 26.0 4.6 0.3
brown 4.6 1.4 3.2 13.6 1.5 12.1
white 8.6 7.0 30.0 13.0 20.0 3.4
purple 0.0 2.8 4.2 1.8 0.0 0.0
black 28.0 24.4 28.5 27.8 7.6 8.7
banded 2.3 0.0 1.5 0.0 0.0 0.6
Total Quartzites 64.1 39.8 82.1 82.2 33.7 25.1
Chert 5.5 10.8 0.0 0.6 2.3 2.0
Cherty Iron Fm. 2.3 5.6 0.0 0.6 0.4 0.0
Brown Oolite Chert 0.0 0.0 0.0 0.0 20.0 12.6
Jacobsville 1.5 8.5 4.2 0.5 0.4 0.6
Granite 1.4 4.8 0.0 0.0 0.0 0.0
Slate 0.0 7.0 0.0 0.0 0.0 0.0
Basalt 0.0 1.9 0.0 0.0 0.0 0.0




112 CAMBRIAN SANDSTONES

PLATE 5

Fossils from the Munising sandstone and the Au Train formation, all X1 except
where noted. All specimens in Museum of Paleontology, University of Michigan.
Prosaukia curvicostata Ulrich and Resser

1. Cast of pygidium with complete posterior margin. Hypotype no. 33343.
Munising sandstone. Ledges along north side of U. S. Highway 2, 0.1
mile east of junction with Foster City road, 0.5 mile north of Waucedah,
Dickinson County, Michigan.

2. Cast of cranidium with well preserved glabella. Hypotype no. 33338.
Munising sandstone. Ledges at top of abandoned Breen Mine, see. 22,
T. 39 N., R. 28 W., Dickinson County, Michigan.

3. Cast of free cheek. Hypotype no. 33337. Munising sandstone. Same
locality as original of fig. 1.

4. Part of thoracic segment. Hypotype no. 33342. Munising sandstone.
Same locality as original of fig. 1.

5. Unusually large pygidium. Hypotype no. 34811. Munising sandstone.
Base of north side of abandoned Pewabic Mine, Iron Mountain, Dick-
inson County, Michigan.

6. Iree cheek with incomplete genal spine. Hypotype no. 34812. Munising
sandstone. Same locality as original of fig. 1.

7. Small glabella with well developed brim and fixed cheeks. Hypotype no.
34813. Munising sandstone. Same locality as fig. 1.

Lungulepis 7 sp.

8. Broken dorsal valve. Figured specimen no. 384814. Munising sandstone.
Same locality as original of fig. 1.

9. Small complete dorsal valve. Figured specimen no. 34815. Munising
sandstone. Same locality as original of fig. 1. X2.

10. Incomplete ventral valve. Figured specimen no. 34816. Munising sand-
stone. Same locality as original of fig. 1.

Lungulepis pinnaformis (Owen)

11. Well preserved ventral valve. Hypotype no. 34817. Munising sandstone.

Same locality as original of fig. 5.
Briscoia sp.

12. Right pleural lobe of pygidium showing ribs and smooth peripheral
area. Figured specimen no. 29959. Munising sandstone. Same locality
as original of fig. 2.

Undescribed trilobite genus and species

18. Part of cranidium showing smooth glabella. Figured specimen no. 33348.

Munising sandstone. Same locality as original of fig. 1.
Idioniesus sp.

14. Pygidium showing smooth peripheral lobes. Figured specimen no. 34818.

Munising sandstone. Same locality as original of fig. 5.
Prosaukia 7 sp.

15. Glabella with occipital and two glabellar furrows. Figured specimen no.
34823. Munising sandstone. Same locality as original of fig. 1.

16. Free cheek with short genal spine. Figured specimen no. 34824. Muni-
sing sandstone. Same locality as original of fig. 1.

Jdahoia sp.

17. Part of cranidium showing glabella and occipital ring with axial node.
Figured specimen no. 33347. Munising sandstone. Same locality as
original of fig. 1.

Michelinoceras 7 sp.

18. Part of living chamber. Figured specimen no. 34818. Au Train forma-
tion. Miner’s Castle, Alger County, Michigan.

19. Part of cone showing closely set septa. Figured specimen no. 34819.
Au Train formation. Same locality as original of fig. 18.

20. Fragment of cone of larger specimen. Figured specimen no. 34820. Au
Train formation. Ledges at top of abandoned Austin Mine No. 2, NE,
NE% SW%, sec. 20, T. 48 N., R. 25 W. Marquette County, Michigan.

Liospira ? sp.

21-23. Lateral, dorsal, and ventral views of a specimen. Figured specimen

no. 34821. Au Train formation. Same locality as original of fig. 18.
Ophileta ? sp.

24-25. Lateral and dorsal views of a specimen. Figured specimen no. 34822.
Au Train formation. Sault Point on south shore of Whitefish Bay, Lake
Superior, Chippewa County, Michigan.

MINER’S CASTLE MEMBER
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