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Sedimentology and Provenance of the

Early Proterozoic Michigamme Formation and
Goodrich Quartzite, Northern Michigan—Regional
Stratigraphic Implications and Suggested Correlations

By Richard W. Ojakangas!

Abstract

The Early Proterozoic Michigamme Formation of north-
ern Michigan was deposited in the southeastern part of the
Animikie basin. The formation conformably overlies the Good-
rich Quartzite and comprises three widespread members—a
lower member of thin-bedded shale, siltstone, and sandstone;
the Bijiki iron-formation Member; and an upper member of tur-
biditic graywacke, siltstone, and mudstone—and a few local
members. The Goodrich Quartzite is interpreted as having
been deposited in a tidally influenced shallow marine environ-
ment. The lower member of the Michigamme is interpreted as
having been deposited in a tidally influenced environment, the
iron-formation member as having been deposited below wave
base in somewhat deeper water, and the upper member as hav-
ing been deposited in still deeper water with twrbidity currents
being a major depositional mechanism.

Several lines of evidence including paleocurrents, paleo-
geographic setting, and neodymium isotopes suggest that the
graywacke of the southern part of the outcrop area was derived
from the south (Early Proterozoic Wisconsin magmatic ter-
ranes, Archean miniplates, and older Early Proterozoic sedi-
mentary units formed on the continental margin), and that the
graywacke in the northern area was derived from an Archean
terrane to the north. The tectonic model that best fits the avail-
able data is a northward-migrating foreland basin.

INTRODUCTION

The Early Proterozoic, dominantly clastic Marquette
Range Supergroup (fig. 1), deposited in the eastern part of
the Animikie basin in the Upper Peninsula of Michigan and

"Department of Geology, University of Minnesota Duluth, Duluth,
MN 55812, and U.S. Geological Survey.

adjacent Wisconsin, consists of, in ascending order, the
Chocolay, Menominee, and Baraga Groups (Cannon and
Gair, 1970). A fourth group, the Paint River Group, may be
the youngest sequence (Cannon, 1986), but it could instead
be remnants of a thrust sheet and therefore not the strati-
graphically youngest unit (Cambray, 1987; Sims, 1990;
Sims and Schulz, 1992). The entire succession comprises a
continental margin assemblage deposited on the south edge
of the Archean Superior province. The Menominee Group
contains the iron-formations that have long been of eco-
nomic significance. The Michigamme Formation, the upper-
most unit in the Baraga Group of James (1958), is a dark-
gray to black turbiditic graywacke, siltstone, and mudstone
sequence several thousand meters thick. The Tyler and
Copps Formations in the vicinity of the Gogebic range in
northwesternmost Michigan and adjacent Wisconsin, both
also deposited in the Animikie basin, are generally consid-
ered correlative with the Michigamme Formation because
of proximity and lithologic similarity.

The Michigamme, Tyler, and Copps Formations are
present in the southeastern segment of the Animikie basin
(fig. 2), on the east side of the 1,100 Ma Midcontinent rift
system (Morey, 1983a, b). Most of the outcrop area of the
Michigamme Formation is within the Iron River 1°x2°
quadrangle (Cannon, 1986), and in several 7'’ quadrangles
of the western part of the Marquette syncline. In some recent
publications (Southwick and Morey, 1991; Holst, 1991), the
southeastern segment of the Early Proterozoic basin has been
called the Baraga basin, but in this report the southeastern
segment is considered part of the larger Animikie basin.

Correlations within the larger Animikie basin have been

a concern for the last century, largely because of the iron-
formations in the seven iron ranges of the Lake Superior
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Figure 1. Correlation chart for sedimentary and volcanic rock units of Early Proterozoic age in the Animikie basin. From Morey
and Van Schmus (1988). The Animikie basin as used herein follows the usage of Morey and Van Schmus (1988) and differs from
the more restricted usage of Southwick and Morey (1991). Southwick and Morey (1991) have shown that the formations within the
Mille Lacs Group on the Cuyuna range are mainly fault bounded; a fault separates the Denham Formation from the Glen Township
and Little Falls Formations, and the latter two formations are separated from the Trout Lake Formation by another fault. Also re-
cently, workers have correlated the Paint River Group with the Baraga Group on structural grounds (Sims and Schulz, 1992) and
have correlated the Badwater Greenstone and the Hemlock Formation (Sims, 1992). Sims (1991) also has placed the Reany Creek

Formation in the Late Archean.

region. (See, for example, Van Hise and Bayley, 1897; Leith
and others, 1935; James, 1958; Cannon and Gair, 1970;
Cannon and Klasner, 1975.) In the most recent synthesis
(Morey and Van Schmus, 1988), the Michigamme, Tyler,
and Copps Formations of the southeastern segment are cor-
related with units in the northwestern segment, that is, the
Rove, Virginia, and Rabbit Lake Formations of the Gunflint,
Mesabi, and Cuyuna ranges, respectively (fig. 1). The Thom-
son Formation of east-central Minnesota, which has a similar
lithology, has also generally been considered correlative of
these graywacke units (Morey and Ojakangas, 1970), How-
ever, recent structural interpretations complicate the corre-
lations of these units, for northward thrusting has juxtaposed
units of differing Early Proterozoic ages in both east-central
Minnesota (Southwick and others, 1988; Southwick and
Morey, 1991) and the Upper Peninsula of Michigan (Klasner
and others, 1991; Gregg, 1993). Southwick and Morey
(1991) discussed and illustrated correlation problems
between the northwest and southeast segments of the
Animikie basin.

R2  Precambrian Geology of Lake Superior Region

Geochronologic data are somewhat equivocal because of
the lack of datable crosscutting dikes of Early Proterozoic
age. The data, summarized in Morey and Van Schmus
(1988), indicate that the Marquette Range Supergroup was
deposited during the interval 2,100-1,900 Ma. The age of
the Michigamme Formation is probably closer to the
younger figure; Sims and Schulz (1992) reported an age of
1,930 Ma on a carbonate-apatite bed in the iron-formation
member of the Michigamme Formation in the East Baraga
basin. Southwick and Morey (1991) suggested that the cor-
relative Animikie Group in Minnesota may be younger than
1,900 Ma and older than late-tectonic to post-tectonic intru-
sions 1,820(7)-1,770 Ma.

The rocks of the southeastern segment of the Animikie
basin (the study area), which include metavolcanic rocks
as well as the thick sequences of metasedimentary rocks,
are bordered on the south—across the Niagara fault zone
(fig. 2)—by the younger (=1,850 Ma) 200-km-wide
sequence of granitoid and metavolcanic rocks of the Wis-
consin magmatic terranes (Morey and Van Schmus, 1988;















Table 1. Sedimentological data from measured sections of Michigamme Formation

[Grain size: M, medium; F, fine. Leader (-), statistically none, locality II; not determined, locality III. Proximality index is the percentage of

graywacke beds starting with Bouma A plus one-half of the percentage of beds starting with Bouma B (Walker, 1967)]

Locality
I II III
Little Bull Lake Silver River
Rapids Michigamme Falls
Section total thickness (meters) 74.25 12.7 60
Number and percent graywacke beds 63 (30.7 pct.) 14 (99.5 pct.) (18 pct.)
Percent thin siltstone and sandstone (68.9) - ) 82)
Percent argillite (04) 0.5) )
Graywackes: Percent graded 70 100 few
Average grain size M-F F F
Average thickness (centimeters) 36 90 <10?
Range, thickness (centimeters) 8-385 30-240 2-120
Number and percent,
Bouma A beds 21 (33 pct.) 12 (86 pct.) -
AB beds 16 (25) - .
ABC beds 1(1) 2(14) few
B beds 6 (10) - -
Number ungraded, massive 8 (13) - many
Number ungraded, laminated 11 (17) - -
Proximality index 86 100 -

marks, formed by the intersection of bedding and cleavage,
are present on graywacke beds; the soles are generally very
flat, grading is not well defined, and load casts, zones of
soft-sediment deformation, and convolutions exist.

Bijiki Iron-formation Member

The Bijiki Iron-formation Member of Van Hise and Bay-
ley (1897) is a relatively thin (as much as 60 m), lithologi-
cally variable unit. It is fine grained, thin bedded, and cherty
(white and black); it contains black slate (cleaved), varicol-
ored argillite-siltstone (lacking cleavage), iron carbonate,
and, locally, iron oxides or grunerite. More than 5 million
tons (2,000-pound tons) of high-grade iron oxide ore has
been produced from the formation (Klasner and Cannon,
1978). The unit is best developed in the vicinity of Lake
Michigamme, at the west end of the Marquette syncline, and
can be traced westward around the west end of the northern
complex of the Marquette district in drill cores as well as by
geophysical means. The extent of the member is best dis-
played on a map by the Cleveland-Cliffs Iron Company
(1975). The occurrence of iron-formation at several horizons
in the Michigamme Formation creates a stratigraphic prob-
lem. Structural repetitions may be responsible for at least

some of these occurrences; correlation, therefore, is difficult.
For further detail, see the description of map units in the
Iron River 1°x2° quadrangle (Cannon, 1986).

In the Negaunee quadrangle (Puffett, 1974), iron-forma-
tion is present at the approximate stratigraphic position of
the Bijiki; exposures in sec. 15, T. 48 N., R. 26 W. (Puffett,
1974, p. 37) consist of thinly bedded chert, goethite-limo-
nite, and argillite. The Greenwood Iron-formation Member
in the Greenwood quadrangle (Cannon, 1974) also is
approximately stratigraphically equivalent to the Bijiki. The
Bijiki can be traced as a magnetic high across the northern
part of the Witch Lake 15" quadrangle (Cannon and Klasner,
1976a).

Phosphorite has been described from iron-formation at
two localities in the Baraga basin (Mancuso and others,
1975), as well as elsewhere in the lowermost 100-200 m of
the Michigamme Formation (Cannon and Klasner, 1976b).

DRILL HOLE DESCRIPTIONS

A few drill holes penetrate much or all of the Michi-
gamme Formation in the study area. Six vertical holes (fig.
3) were drilled in 1977-1978 by Bendix Field Engineering

Michigamme Formation and Goodrich Quartzite, Northern Michigan  R7



Corporation, which was subcontracted by the Michigan
Geological Survey and funded by the U.S. Department of
Energy. J & L Steel Company drilled one vertical hole, and
Cleveland-Cliffs Mining Company and Minatome Corpora-
tion drilled an inclined hole in 1983. These eight holes were
drilled as stratigraphic test holes? for assessment of uranium
potential (Trow, 1979). In general, the same three members
of the formation that crop out in the area are present in the
drill holes—(1) the lower slate member, (2) the Bijiki Iron-
formation Member, and (3) the upper slate member. The
cores consist largely of black slate, metasiltstone, and minor
metagraywacke; carbon and sulfide minerals are common.
Trow (1979) has described the cores and presented some
chemical data. The iron-formation in most of the drill cores
consists of thin beds of white chert, brown-tinged iron car-
bonates, and minor iron oxides. Iron sulfides are locally
present. The Bijiki in the drill cores was described in detail
by Trow (1979, p. 24-26).

Clark Creek Basin Drill Hole

Bendix’s drill hole DL-S5 in the Clark Creek basin (fig.
3) was logged and sampled (fig. 7). The hole penetrated 233
ft of the upper slate member, 47 ft of the Bijiki Iron-forma-
tion Member, 146 ft of the lower slate member, and 94 ft of
the Goodrich Quartzite before ending in Archean meta-
rhyolite.

Argillite and siltstone are dominant in the upper member,
but some graded graywacke beds (Bouma A, A-B, B, and
A-B-C) as much as 10 cm thick are present. The Bijiki
consists of chert and carbonate with interbedded black slate;
a possible stromatolite layer 30 cm thick was logged in the
original study (Trow, 1979), but this may be a tectonically
deformed carbonate layer.

Graywacke is essentially absent in the lower member.
Rather, thin (less than 2 cm thick) siltstone beds alternate
with thin argillite beds, and black shale partings alternate
with thin light-tan sandstone beds that are similar to those
in the underlying Goodrich Quartzite.

Dead River Basin Drill Hole

Bendix’s drill hole DL—4 (4A and 4B) in the Dead River
basin (fig. 7) intersected 2,890 ft (2,630 ft actual thickness
according to Trow, 1979) of the upper member, 40 ft of the
Bijiki, and 93 ft of Goodrich Quartzite; it penetrated weath-
ered Archean tonalite basement at 3,119 ft. I reinterpreted
the upper 33 ft of the Goodrich as assigned by Trow as being

2These drili holes were logged in feet and are reported herein in feet.
To convert to meters, multiply feet x 0.3048.
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the lower member of the Michigamme Formation, for it
closely resembles that member in hole DL-5. Thus, the
thickness of the Goodrich is about 60 ft.

The upper member in hole DL—4 is markedly coarser
grained than in the other holes, as was noted by Trow (1979,
p. 34). Slate is the dominant lithology, but medium- to
coarse-grained graded graywacke beds are abundant. Bouma
A, A-B, A-B-C, and A-B-C-D beds are present; many beds
are as thick as 1 meter, and a few are 2-3 m thick. However,
many beds lack grading. Because of the great thickness of
the upper member (2,630 ft) and its general uniformity, I did
not log the entire member; only the lower 400 ft was
inspected box-by-box, and only every sixth core box (each
with 15 ft of core) was inspected for the bulk of the member.

The Bijiki Iron-formation Member is a unit of variable
lithology, consisting of white cherty-carbonate rock, pyritic
black slate with massive sulfide beds as much as 8 cm thick,
and minor graphite-rich beds.

The underlying lower slate member as reinterpreted con-
sists of laminated argillite and thin sandstone.

The lowest unit in the drill hole, the Goodrich Quartzite,
consists of an upper zone of thin-bedded sandstone interlay-
ered with very thin black shale, and a lower zone of thicker
massive gray sandstone with sparse black shale partings. The
contact with the underlying Archean tonalite is sharp and
unconformable, and the tonalite is only slightly weathered.

East Baraga Basin Drill Holes

Three holes—DL~1, DL-3, and DL-7—were drilled by
Bendix in the East Baraga basin, as designated in figure 3.
Hole DL~1 penetrated nearly 2,100 ft (1,978 ft actual thick-
ness according to Trow, 1979) of the upper slate member,
which contains only a few graywacke beds; it did not reach
Archean basement. Hole DL-3 was terminated at 1,634 ft
after penetrating 1,471 ft of the upper member. Hole DL-7
penetrated 326 ft (285 ft actual thickness according to Trow,
1979) of the upper slate member, 86 ft of Bijiki Iron-forma-
tion Member, and, below, weathered Archean granite.
Apparently neither the lower member of the Michigamme
Formation nor the Goodrich Quartzite was deposited here;
this area must have been a topographic high during Goodrich
and early Michigamme time, as noted by Trow (1979).

About 21 km northwest of hole DL-7, J & L Steel
Company drilled hole DDH-116 as a uranium test. This drill
hole penetrated 847 ft of the upper member, which consists
of carbonaceous, chloritic, and pyritic argillite with only
minor graywacke; 70 ft of Bijiki Iron-formation Member;
and bottomed in Archean granite (Burns, 1975). As in drill
hole DL~7, the lower slate member is missing, presumably
because of nondeposition.
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Amasa Drill Hole

Bendix’s hole DL-6 was drilled about 14 km north-
northwest of the town of Amasa (fig. 3). It was terminated
at 1,093 ft after penetrating a true stratigraphic thickness of
286 ft of alternating carbon-rich and carbonate-rich chloritic
graywacke and argillite intercalated with cherty and slaty
layers of iron-formation (Trow, 1979). Trow interpreted the
cherty and slaty layers of iron-formation to be either the
Bijiki Iron-formation Member or the lower slate member.

Gwinn Area Drill Hole

Drill hole C-8, an inclined 900-ft hole near the town of
Gwinn (fig. 3), about 32 km south of Marquette, was drilled
jointly by Cleveland-Cliffs Mining Company and Minatome
Corporation in 1983 in search of uranium. The upper 102 ft
of conglomerate, in which chert and hematite clasts, grit-
stone, and sandstone are arranged into 15 fining-upward
(fluvial?) sequences, is likely post-Proterozoic in age, for
Paleozoic rocks blanket the area just 3 km to the south of
the drill hole. A thickness of about 100 ft of black slate and
minor graywacke beds overlies about 140 ft of iron-forma-
tion. These rocks overlie about 400 ft of black graphitic slate
with minor pyritic laminae and thin beds of graywacke; 36
ft of basal arkose lies on Archean granite. The penetrated
granite contains a number of “fresh” granite zones and
altered shear zones, features which may indicate the pres-
ence of a major shear zone at the base of the Proterozoic
section.

PETROGRAPHY

Most of the graywacke from the Michigamme Formation
is too fine grained, recrystallized, cataclasized, or altered to
allow determination of the original ratios of constituents;
therefore, most petrographic observations are qualitative.
Some petrographic information gleaned from drill cores has
been provided by Trow (1979). One of Trow’s observations
was that the upper member lacks potassium feldspar; how-
ever, I noted orthoclase and microcline in many thin sec-
tions, and I verified their presence by staining thin section
heels. Much potassium feldspar has undoubtedly been
altered to sericite.

A total of 28 thin sections of better preserved Michi-
gamme graywacke were point-counted (600 points each)
(tables 2, 3). Fourteen samples are from the “northern area”
(north of the arbitrary east-west line through Covington),
including three drill core samples, and 14 are from the
“southern area.” Of the 28 samples, 19 plot on a Q/F/L
diagram as arkosic graywackes, 7 as feldspathic graywackes,
and 2 as sublithic graywackes (fig. 8); however, these rock
names probably do not reflect the original compositions of
the graywackes, as discussed following.

Q/F/L ratios (quartz/feldspar/lithics or rock fragments)
were calculated for each of the 28 samples. Prior to making

R10  Precambrian Geology of Lake Superior Region
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Figure 8. Q/F/L plots of modal analyses of 28 thin sections of
graywacke of Michigamme Formation and 5 thin sections of
Goodrich Quartzite. Q-pole, common (monocrystalline)
quartz; F-pole, all feldspars; L-pole includes volcanic and
metamorphic rock fragments. The rock fragments include poly-
crystalline quartz grains and metachert. Triangle modified from
Pettijohn and others (1987).

the Q/F/L determinations, I made two adjustments of the
original point-count data (tables 2, 3): (1) The plutonic rock
fragment percentages were divided equally between feld-
spar and quartz, because the “L” component in standard
sedimentological procedures generally excludes plutonic
fragments. (2) Polycrystalline quartz (recrystallized and
sutured types) and chert were counted as metamorphic rock
fragments in 15 of the 28 samples. The other 13 samples
contain large quantities of recrystallized quartz interpreted
to indicate deformation after deposition rather than deriva-
tion from metamorphic source rocks; therefore, this quartz
was not plotted as rock fragments on the “L” pole. The 14
northern samples have an average Q/F/L ratio of 61:27:12,
and the 14 southern samples have an average Q/F/L ratio of
60:31:9. Thus, there is no appreciable difference between
the average compositions of samples from the two areas,
although differences might have existed prior to postdepo-
sitional changes. Note that the ranges of the three constitu-
ents are large (tables 2, 3).

The fine-grained matrix of chlorite, sericite, biotite, epi-
dote, and fine-grained quartz-feldspar in the Michigamme
Formation samples totals from 20 to 77 percent (X = 53
percent) in the 28 samples (fig. 9). This matrix may be in
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Table 4. Chemical analyses of samples from southern exposures of Michigamme Formation

[CIA, chemical index of alteration]

Sample-- 1 2 3 4 5 6 7 8 9
Sio, 57.94 60.03 58.03 63.2 585 67.6 60.1 63.3 66.4
ALO, 18.88 17.85 15.00 16.4 16.4 14.6 16.0 16.8 149
Fe,0, 1.26 1.14 3.67 12 33 .61 20 13 82
FeO 6.73 7.16 5.82 3.7 93 6.0 71 59 54
MgO 321 3.15 1.64 1.6 3.0 24 3.0 2.7 23
CaO 91 44 26 39 20 18 29 19 1.7
Na,0 1.69 1.64 3.52 44 31 34 28 34 4.6
K,0 345 341 3.60 24 20 15 19 26 S1
H,0 3.93 3.74 430 1.06 2.85 1.85 1.77 1.96 207
TiO, 92 95 64 .70 87 .70 85 79 70
P,0; 22 09 .16 24 14 13 13 19 12
MnO 07 03 09 06 .06 04 .09 03 03
Co, .06 12 03 02 08 02 .08 01 02
CIA 69.8 713 59.6 492 60.1 58.2 572 58.6 570
SAMPLE DESCRIPTIONS

1. Nanz, 1953, table 1, analysis 8, roadcut U.S. Highway 141, about 10 km S. of Covington.

2. Nanz, 1953, table 1, analysis 9, roadcut U.S. Highway 141, about 5 km S. of Covington.

3. Nanz, 1953, table 1, analysis 33, slate from footwall strata of Crystal Falls district, sec. 8, T. 42 N.,, R. 32 W.

4. Sims and others, 1984, table 7, sample No. D2433, Marenisco-Watersmeet area.
5-9. Sims and others, 1984, table 7, sample Nos. D2434, D2435, D2436, D2437, and D2440, respectively.

Midcontinent rift system and the Triassic basins of eastern
United States.

Neodymium isotopic data (Barovich and others, 1989)
from three northern samples and four southern samples of
Michigamme Formation (the former presumably from the
lower member of the Michigamme Formation and the lat-
ter presumably from the upper member of the formation)
have been interpreted by Barovich and others to indicate
that the northern samples had an Archean source (g Nd(t)
values from —10.8 to —6.6) and that the southern samples
had an Early Proterozoic source (¢ Nd(T) values from —0.9
to +1.3). However, the designation of all three northem
samples as being from the lower member is likely errone-
ous. Sample 5 of Barovich and others (1989) (sec. 8, T. 47
N., R. 27 W.), taken from west of Ishpeming, is indeed

from the lower member, but their sample 6 (sec. 9, T. 50
N., R. 33 W.), taken from Little Mountain, may have
come from a thrust block (Klasner and others, 1991); if so,
its original stratigraphic position within the Michigamme
Formation is uncertain. Their sample 7 (sec. 26, T. 51 N.,
R. 32 W) is from the Silver River Falls locality at the
west end of the East Baraga basin. Inasmuch as drill holes
DL~1, DL-3, and DL-7, as well as DDH-116 (Burns,
1975), all from the East Baraga basin (fig. 3), contain only
the upper member of the Michigamme (deposited upon
iron-formation), the lower member is absent. Accordingly,
their sample 7 is likely to come from the upper member of
the Michigamme rather than the lower member of the
Michigamme. Similar stratigraphic conclusions were
reached by Trow (1979, p. 21).

Michigamme Formation and Goodrich Quartzite, Northern Michigan  R15



Table 5. Chemical analyses of samples from northern exposures of Michigamme Formation (drill cores)

Sample -- 1 2 3 4 5 6 7 8 9
Si0, 60.4 65.2 67.9 64.7 61.0 64.7 65.8 579 62.2
AlLO, 18.9 169 16.3 16.7 19.8 15.1 158 21.5 18.0
Fe,0, 8.55 921 6.04 7.92 8.16 6.75 7.53 7.04 8.08
MgO 333 3.10 2.86 3.07 2.65 312 3.86 332 3.19
CaO 40 32 .66 22 23 7 40 27 7
Na,O 1.55 2.62 228 242 82 3.44 .62 143 322
K,0 4.07 2.82 3.26 2.69 5.01 1.58 3.08 520 2.66
TiO, 84 77 .66 69 .73 61 53 .69 .78
P,O, 1 10 11 02 .03 J1 04 a2 J1
MnO .04 03 03 03 02 05 04 03 06
CIA 71.1 68.0 65.8 69.6 73.3 63.2 75.7 71.7 65.6
SAMPLE DESCRIPTIONS

1. Trow, 1979, Appendix, sample 1-224-229, p. 96, 5 ft composite, Hole DL-1, East Baraga basin.

2. Trow, 1979, Appendix, sample 1-1244-1249.

3. Trow, 1979, Appendix, sample 3-504-509, p. 97, 5 ft composite, Hole DL-3, East Baraga basin.

4. Trow, 1979, Appendix, sample 3-1314-1319.

5. Trow, 1979, Appendix, sample 5-454-459, p. 98, 5 ft composite, Hole DL-5, Clark Creek basin.

6. Trow, 1979, Appendix, sample 4-709-714, p. 99, 5 ft composite, Hole DL-4, Dead River basin.
7-9. Trow, 1979, Appendix, samples 4-1069-1074, 1-2059-2064, 4-2239-2244, respectively.

Therefore, the conclusion of Barovich and others
(1989) that the lower part of the Marquette Range Super-
group had an Archean source and the upper member of the
Michigamme Formation had an Early Proterozoic source
needs some modification. One and possibly two of the
samples from the northern Michigamme are stratigraphi-
cally from the upper member of the Michigamme; there-
fore, both the lower part of the Marquette Range
Supergroup and the upper. member of the Michigamme
Formation in the northern outcrop area had Archean
sources. Furthermore, the tectonic scenario is so compli-
cated (Gregg, 1993) that some of the samples from the
southern Michigamme of Barovich and others (1989)
could be upthrusted lower Michigamme rather than upper
Michigamme. The available data indicate that the northern
samples had an Archean source and the southern samples
had an Early Proterozoic (southern) source, regardless of
stratigraphic position within the Marquette Range
Supergroup. However, it would be desirable to have a
larger Michigamme Nd data base.

R16  Precambrian Geology of Lake Superior Region

PALEOCURRENT ANALYSIS

Metagraywacke and Metasiltstone

Paleocurrent indicators are uncommon in the meta-
graywacke beds of the Michigamme Formation, and only 51
paleocurrent features were measured (fig. 13). A total of 15
sole marks was measured; 7 of these are flute casts (scour
marks) and 8 are various elongate sole marks, mostly groove
casts and scour channels. The bottoms (soles) of most beds
are very flat and featureless, except for cleavage-bedding
intersections that have produced abundant “pseudo-sole
marks.”

A few small-scale crossbeds were measured in the C
intervals of Bouma A-B-C beds. Small-scale crossbedding
in thin metasiltstone-slate sequences found between thicker
metagraywacke beds provided most of the 35 crossbed mea-
surements; such metasiltstone beds could be distal parts of
turbidite beds (Bouma C beds). One low-relief scoured chan-
nel was also measured.
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Figure 13. Paleocurrent plots of measurements in graywacke-
slate units of northern and southern exposures of the Michi-
gamme Formation. Note that groove casts and scoured chan-
nels are plotted on both sides of diagrams, as they do not
indicate a unique current sense.

Total number of measurements

Of the 51 measurements, 13 are from four outcrop areas
in the northern part of the study area, and 38 are from six
outcrop areas in the southern part of the study area; Coving-
ton is the approximate east-west dividing line (fig. 3). The
paleocurrent plots for the northern and southem parts of the
study area are summarized in figure 13.

Locations of outcrops of Michigamme Formation from
which paleocurrent measurements were obtained, plus types
of measured sedimentary structures, are as follows:
“Northern area” outcrops:

1. Silver River Falls area, NW corner sec. 26, T. 51 N.,
R. 32 W. (two crossbeds and two flute casts).

2. Falls River, upstream from Highway 28 bridge at
L’Anse, sec. 9, T. 50 N,, R. 33 W. (one crossbed and two
flute casts).

3. Slate River, south of bridge on road to Skanee, C W.
edge sec. 9, T. 51 N, R. 31 W. (two crossbeds).

4. Tibbett’s Falls on Sturgeon River, SW1/; sec. 5, T.
48 N., R. 34 W. (one flute cast, two groove casts, and one
channel scour).

“Southern area” outcrops:

1. Roadcuts on Highway 141, south of Covington,
NW1,4SE!/, sec. 36, T. 47 N., R. 34 W. (six crossbeds, one
flute cast, and one groove cast).

2. Roadcuts on Highway 141, south of Covington,
WiILNWY, sec. 12, T. 47 N., R. 34 W. (one flute cast
and three groove casts).

3. Roadcut on Highway 141, just south of railroad
tracks in Covington (two crossbeds).

4. Roadcut, C St4 sec. 16, T. 46 N, R. 35 W. (14
crossbeds).

5. Hemlock Rapids on Paint River, SEY;NE!/, sec. 23,
T. 44 N, R. 34 W. (one crossbed, one flute cast, and one
groove cast).

6. Little Bull Rapids, dam area, on Paint River,
Ni4SW1y sec. 24, T. 42 N, R. 32 W. (seven cross-
beds).

For each outcrop from which measurements were made,
the master bedding was rotated back to a horizontal config-
uration around the strike of the beds. Only this one-tilt
rotation was utilized, because the fold axes throughout most
of the study area are subhorizontal or have only moderate
plunges. Probable northward thrusting and multiple defor-
mation in the region (Klasner and others, 1991; Gregg, 1993)
may have affected the readings to some degree. In interpret-
ing the measurements, this possible error should be borne in
mind. Also, the total number of measurements is obviously
too small for statistical analysis.

The correlative Copps Formation between Lake Gogebic
and Wakefield (fig. 3) yielded only 11 paleocurrent mea-
surements; 9 are small-scale crossbeds (mostly in siltstone
beds, but a few are from the C interval of Bouma beds), and
2 are sole marks (flute casts). The paleocurrent plot gives a
very broad paleocurrent trend to the west, north, and east
(fig. 14A). Lineations are problematical in the Copps outcrop

Michigamme Formation and Goodrich Quartzite, Northern Michigan R17
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Figure 14. Paleocurrent plots of measurements in A, Copps
Formation, and B, Tyler Formation. (Data on Tyler Formation
from Alwin, 1976.)

R18  Precambrian Geology of Lake Superior Region

area, so the effect of folding is unknown; however, only a
one-tilt correction was applied to the data.

In a study of the correlative Tyler Formation on the
Gogebic range (fig. 3), Alwin (1976) found a prominent
northwestward paleocurrent trend (fig. 14). Lineations in the
Tyler are generally subhorizontal so only a single tilt cor-
rection was deemed necessary. It is possible that the Tyler
Formation was thrust northward and that the Tyler outcrop
belt is allochthonous (Klasner and others, 1991). Neverthe-
less, I assume that the Tyler behaved as a block and that the
paleocurrent indicators were not rotated relative to each
other, nor was the entire block rotated either clockwise or
counterclockwise.

In summary, the measurements from the meta-
graywacke-metasiltstone-slate sequences of the Michi-
gamme and correlative formations have an apparent
dominant southerly trend in the northern outcrop areas and
an apparent dominant northerly trend in the southerly areas,
as shown in figure 15. The paleocurrent data of figure 13
are generalized in figure 15, with all the measurements plot-
ted on two rose diagrams. The total numbers of measure-
ments in the northern and southern areas (only 13 and 38,
respectively) are small; nevertheless, fairly strong unimodal
patterns are evident.

Goodrich Quartzite

Paleocurrent indicators in the gently dipping basal
quartzite beds of the exposed Early Proterozoic succession,
considered as Goodrich Quartzite by Cannon (1986) and by
me, were measured at four localities near the west end of
the Archean northern complex. Figure 16 shows detailed
paleocurrent plots—divided out by sedimentary structure—
from these four localities, and figure 17 is a map showing
the localities and generalized data—combined into one rose
diagram per locality.

At Canyon Falls on the Sturgeon River, the southernmost
of the four quartzite localities, the pattern indicates that
currents were toward the north, west, and south (based on
24 measurements). Parallel beds as much as 30 cm thick
dominate at this locality, but planar crossbeds as much as 8
cm thick and trough crossbeds as much as 20 cm thick are
present. Very fine mud drapes (flaser bedding) are rare. At
the “Near Canyon Falls” locality, about 1.6 km north-north-
east of Canyon Falls, the pattern (n=17) is similar; currents
were to the southwest and northwest, both trough and planar
crossbeds are present; troughs are as much as 2 m wide and
crossbed sets are 10-50 cm thick.

At Pike’s Peak, about 25 km north-northeast of Canyon
Falls, feldspathic quartzite and conglomerate of the Good-
rich contain trough-type crossbeds; troughs are on the scale
of 1 m wide and crossbed sets are 15-30 cm thick. The
paleocurrent pattern (n=20) is toward the northwest.



























STRATIGRAPHIC IMPLICATIONS

This study raises numerous stratigraphic questions that
challenge the long-accepted correlations shown in figure 1.
Some revisions of regional correlations seem to be required,
as discussed following.

The stratigraphic sequence in outcrop and drill core in
the northern part of the study area comprises the Goodrich
Quartzite and the overlying Michigamme Formation, con-
sisting of the lower slate member, the Bijiki Iron-formation
Member, and the upper slate member. A similar stratigraphic
sequence occurs on the Gogebic range, which is 120-160
km to the west-southwest and is on depositional and tectonic
strike with the western Marquette district (fig. 3). On the
Gogebic range, the relevant stratigraphic units, from oldest
to youngest, are the Paims Formation, the Ironwood Iron-
formation, and the Tyler and Copps Formations. Not only
are the lithologies generally similar between the two ranges,
but the interpreted depositional environments are similar.
These units were likely deposited contemporaneously in the
northward-transgressing Early Proterozoic (Animikie) sea
situated in the developing foreland basin. The proposed cor-
relations between the Gogebic and the western Marquette
ranges are, therefore, as follows:

Gogebic range Western Marquette range

Tyler and Copps Formations Upper slate member,
Michigamme Formation.
Bijiki Iron-formation Member,
Michigamme Formation.
Palms Formation Lower slate member,
Michigamme Formation.
Goodrich Quartzite.

The stratigraphic sequences to the north on the Gunflint
and Mesabi ranges (fig. 2) are also similar to those on the
Gogebic range and the western Marquette range, in both
lithologies and environments of deposition. On the Mesabi,
the basal unit (the Pokegama Quartzite) fits a tidal model,
the two “cherty” members of the Biwabik Iron-formation
have shallow-water attributes, and the two “slaty” members
have deeper water attributes (White, 1954; Ojakangas, 1983;
Morey, 1983a). The overlying Virginia Formation was
deposited below wave base by turbidity currents and sus-
pension settling on the outer or middle parts of a submarine
fan complex (Lucente and Morey, 1983). The lowermost
unit on the Gunflint range, the Kakabeka Quartzite, which
lies unconformably upon Archean basement, is at most only
a few meters thick and hence its environment of deposition
is difficult to interpret. However, the overlying Gunflint
Iron-formation has shallow-water tidal attributes (Goodwin,
1956; Shegelski, 1980), and the uppermost unit, the Rove
Formation, has characteristics of turbidity current deposition
on a prograding submarine fan (Morey, 1969). Therefore,

the depositional histories on the Mesabi and Gunflint ranges,
which are on depositional strike with each other and very
likely were continuous before intrusion of the 1.1 Ga Duluth
Complex, are very similar; and lithostratigraphic correla-
tions between these two ranges are unequivocal.

Although correlations can be made, on the one hand,
between the western Marquette range and the Gogebic
range, and on the other hand, between the Mesabi and Gun-
flint ranges, can correlations be made among all four of these
ranges? The lithologies, environments of deposition, and
stratigraphic sequences are indeed similar, indicating a
strong case for correlation. However, diachronous relation-
ships between the western Marquette and Gogebic ranges to
the south and the Mesabi and Gunflint ranges to the north
are required. If the model of a northward-migrating foreland
basin is utilized (figs. 20, 21), with the basal terrigenous
clastic units and the iron-formations deposited on the periph-
eral bulge and the turbidite sequences deposited both on the
bulge and in the deeper parts of the foreland basin, the Palms
Formation-Ironwood Iron-formation and Goodrich Quartz-
ite—-lower member of the Michigamme Formation-Bijiki
Iron-formation Member were deposited prior to deposition
of the more northerly Pokegama Quartzite-Biwabik Iron-
formation and the Kakabeka Quartzite-Gunflint Formation.
If it is instead assumed that the basal terrigenous clastic units
and the iron-formations were deposited on a stable shelf
prior to the development of the foreland basin with its tur-
bidite fill, northward-migrating depositional environments
were also probable, with the southern units deposited prior
to deposition of the northern units. In both models, it can be
assumed that the terrigenous clastic units and the overlying
iron-formations form essentially continuous sheetlike depos-
its across the basin, between Wisconsin-Michigan and Min-
nesota-Ontario.

However, as discussed previously in this report, the
upper slaty member of the northern part of the Michigamme
Formation and the Rove Formation of Minnesota-Ontario
are the same age, and perhaps integral parts of the same large
submarine fan. A further correlation consequence of this
model (stated just previously) is that the Virginia Formation
of the Mesabi range and the Thomson Formation just west
of Duluth, both on tectonic and depositional strike with the
Rove Formation (see figs. 2, 21), are approximately equiv-
alent in age to the upper slaty member of the Michigamme
Formation. No direct means exists to determine whether the
graywacke-slate units having general northward-directed
paleocurrent patterns (the Tyler and Copps Formations and
the southern Michigamme Formation) are younger or older
than the Virginia, Thomson, and Rove Formations and the
upper slaty member of the Michigamme Formation; it can
be assumed, however, that they are all approximately the
same age, and correlative. However, there exist two main
qualifying points, as follows.

1. In a foreland basin such as that which probably
existed for several million years and which was receiving
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sediment from both north and south, units will inevitably be
different in age.

2. In the foreland basin model, the fold-and-thrust belt
and the asymmetric foreland basin to the north developed
as a result of the collision of the Wisconsin magmatic ter-
ranes with the craton. The collision caused the Penokean
orogeny, which is dated at about 1,850 Ma. Thus, the
southerly derived graywacke-slate units were deposited
about 1,850 Ma.

Of prime concern, therefore, are the contacts of the south-
erly derived graywacke-slate units with the underlying iron-
formations. Are the relationships conformable or nonconfor-
mable? If conformable, the ages of the Ironwood Iron-for-
mation and the Bijiki Iron-formation Member of the
Michigamme Formation would not be much older than 1,850
Ma. If unconformable, the iron-formations and the terrige-
nous clastic units that underlie them could be considerably
older. I have seen no evidence in outcrop or in drill core for
an unconformable relationship between the Bijiki Iron-for-
mation Member and the overlying upper slate member of
the Michigamme Formation. The Tyler Formation-Iron-
wood Iron-formation relationship has been described by
Schmidt (1980, p. 68-70), who reviewed the various view-
points of geologists regarding the contact. Schmidt regarded
the “basal conglomerate” of the Tyler Formation as an
intraformational unit of no great stratigraphic significance,
and emphasized that both the presence of iron-formation a
few hundred meters above the base of the Tyler and the iron-
rich nature of the lower part of the formation indicated a
gradational contact.

However, the Copps Formation just to the east of the
Tyler on the eastern Gogebic range, and surely correlative
with it, has a basal conglomerate that contains iron-forma-
tion clasts. Thus, the contact between the Copps and the
Ironwood Iron-formation is probably unconformable (Gene
LaBerge, oral commun., 1992). This appears to be a local
rather than a regional unconformity.

The Virginia Formation-Biwabik Iron-formation contact
on the Mesabi range is gradational over several tens of
meters (Lucente and Morey, 1983), and the Rove Forma-
tion—-Gunflint Iron-formation boundary also is gradational
(Morey, 1969).

Thus, the precise ages and therefore the correlation of
several Early Proterozoic units are uncertain. Crosscutting
dikes of Early Proterozoic age are lacking. Many K-Ar and
Rb-Sr ages probably reflect metamorphism. Faure and
Kovach (1969) reported a whole-rock Rb-Sr isochron age of
1.6410.2 Ga for the deposition or diagenesis of the Gunflint
Iron-formation in Ontario, and Stille and Clauer (1986)
determined a Sm-Nd isochron age of 2.08+0.25 Ga for dep-
osition of the same unit. A Sm-Nd whole rock isochron for
the lower half of the Biwabik Iron-formation indicated an
age of 2,11010.52 Ma (Gerlach and others, 1988).

Essential to the resolution of the correlations discussed
herein will be the acquisition of better ages from within the
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sequences. Zircons for precise U-Pb age dating should be
present in the metamorphosed ash beds of the Virginia For-
mation and the Biwabik and Gunflint Iron-formations. Vol-
canic rocks within the Thomson Formation could yield
zircons. Perhaps a detailed search of the Michigamme in
drill cores would yield zircon-bearing ash beds. If the felsic
parts of the Emperor Volcanic Complex at the east end of
the Gogebic range are shown to be unequivocally interca-
lated with the Ironwood Iron-formation, U-Pb dates for zir-
cons of that unit would be invaluable.

Until reliable age data on units within the Early Prot-
erozoic sequences are available, correlations will necessar-
ily remain subjective, and interpretive errors will be

perpetuated.
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