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GEOLOGY OF THE KIERNAN QUADRANGLE 

IRON COUNTY, MICHIGAN 

By JACOB E. GArR and KENNETH L. WIER 

ABSTRACT 

The Kiernan quadra.ngle is in eastern Iron County, in the western part of the 
northern peninsula of Michigan. The area is underlain by I .. ower and Middle 
Precambrian rocks, formerly designated as Archean and Huronian rocks, and 
is extensively covered by Pleistocene glacial deposits. An Upper Precambrian 
(Keweenawan) diabase dike and a few scattered remnants of lower Paleozoic 
sandstone are also found in the area. 

The major structural feature is a north-northwest axis along which are uplifts 
of Lower Precambrian rocks in the northwestern and in the southeastern parts 
of the quadrangle. The northwestern uplift is called the Amasa oval, and the 
southeastern is called the southeastern greenschist uplift. In the saddle between 
these t\vo uplifts, particularly near Michigamme Mountain, local cross-folding has 
produced trends about at right angles to the major axis. 

Lower Precambrian rocks, here called the Margeson Creek gneiss, are exposed 
in the core of the Amasa oval. They consist mainly of banded gneiss of grano­
dioritic to tonalitic composition and granitic rocks ranging in composition from 
granite to tonalite. The granitic rocks are mainly inequigranular and well foliated; 
less common are equigranular nonfoliated and pegmatitic varieties. Of minor 
importance are biotite and sericite schists and amphibolite. 

The Lower Precambrian rocks of the southeastern uplift are not exposed in 
the area, but are known from drill holes in the quadrangle to the south to consist 
of foliated and crinkled green schist bearing magnetite or martite, and in places 
oxidized to a red color. 

A major unconformity separates the Lmver Precambrian rocks from a sequence 
of layered Middle Precambrian rockR. From their base upward, the rocks of 
1 he Middle Precambrian sequence are the Rand ville dolomite, the Goodrich 
quartzite (with included fragments of probable Negaunee iron-formation), the 
HPmlock formation, the Fence River formation, and the Michigamme slate. 
These formations now form belts bordering the Lower Precambrian rocks, which 
form the cores of the two major uplifts. U nconformitiPs occur at the base of 
the Goodrich quartzite and at the base of the Michigamme slate. The uncon­
formity at the base of the Goodrich cuts out much or all of the Negaunee iron­
formation from the Kiernan area, leaving only possible remnants of that forma­
tion at Michigamme Mountain. The unconformity at the base of the Michi­
gamme accounts for the absence of the Fence River formation in the southern 
half of the quadrangle. 

The Randville dolomite is best exposed in the south-central part of the quad­
rangle, near the south shore of Michigamme Reservoir, and on the east flank of 
the Amasa oval. The formation has a maximum thickness of about 1,800 feet 

1 
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on the flanks of the oval and consists largely of almost pure dolomite. Locally 
however, phases consisting of quartz-sericite slate, sericite and chlorite schist, 
feldspathic quartzite, and arkose are developed, and in one place a bed of 
graywacke is a part of the formation. Quartz-sericite slate is particularly well 
developed near the bottom and the top of the Randville. A peculiar breccialike 
quartzitic rock found only in two outcrops is believed to be a silicified phase of the 
Rand ville. 

The Goodrich quartzite consists mainly of ferruginous cherty magnetic quartz­
ite, exposed only at or near Michigamme Mountain, where magnetic data indi­
cate that the maximum thickness is probably not more than 500 feet. In much 
of the Goodrich quartzite clastic quartz grains and magnetite lie in a matrix of 
hematitic recrystallized chert. In places the formation is oxidized and essentially 
nonmagnetic. Some of the Goodrich contains abundant clastic grains of hema­
titic recrystallized chert; in general, the relative proportions of clastic quartz, 
chert, and ferruginous material range widely. The Goodrich quartzite at Michi­
gamme Mountain was formerly thought to be Negaunee iron-formation. A few 
fragments of material similar to parts of the Negaunee are found in the quartzite, 
and some of the elastic grains are probably derived from the iron-formation; 
but the Negaunee is considered to form, at the most, only a small part of the iron­
rich rock at the Mountain. 

The Hemlock formation is best exposed in the southwestern part of the quad­
rangle and also on the east side of the Amasa oval. In the latter area its thickness 
is about 2,300 feet. West of the quadrangle on the west flank of the oval it 
thickens to about 23,000 feet. The Hemlock is composed mainly of metavolcanic 
rocks with minor slate and graywacke. The metavolcanic rocks are greenstones, 
dark schists, and felsites. They include altered basalts, some of which contain 
ellipsodial and amygdaloidal structures, pyroclastic rocks, biotite-, hornblende-, 
Bud epidote-bearing schists, and metarhyolite. 

The Fence River formation, although not exposed, is represented by a strong 
linear north-trending magnetic anomaly crossing the northeastern part of the 
area, on the east flank of the Amasa oval. The anomaly begins in sec. 27, T. 
44 N., R. 31 W., and extends northward beyond the quadrangle to the only 
known exposure of the formation at the Sholdeis exploration. The formation 
in that vicinity consists, from the bottom upward, of (1) magnetite-specularite­
quartz rock, (2) thinly banded rock rich in quartz, magnetite, hornblende, and 
epidote, and (3) massive garnet-grunerite schist. No accurate estimate of the 
thickness of the Fence River formation is possible. Formerly, the Fence River­
formation was correlated with the Negaunee iron-formation and was considered 
equivalent to the iron-rich rock at Michigamme Mountain. Inasmuch as it 
lies above the Hemlock formation and the iron-rich rock at Michigamme Moun­
tain lies beneath the Hemlock, the two iron-rich rocks are not equivalent. 

The Michigamme slate is assumed to underlie much of a broad belt of glacial 
deposits in the eastern part of the quadrangle. The only Michigamme exposure 
in the area is an altered volcanic member of the formation east of the Fence 
River magnetic anomaly on the east flank of the Amasa oval. In adjacent 
regions the Michigamme is known to consist of mica and garnet schists, gray­
wacke, impure quartzite, and small amounts of metavolcanic rocks. No accurate 
estimate of the thickness of the Michigamme in the area is possible. 

At least two waves of regional metamorphism have affected the rocks of the 
area. Lower Precambrian rocks underwent at least one period of metamorphism 
accompanied by granite intrusion and granitization-migmatization prior to uplift 
and erosion of the Margeson Creek gneiss and deposition of the Rand ville dolomite. 
Following deposition of the Michigamme, a late Middle Precambrian period of 
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regional metamorphism attended orogeny and deformation of the Lower and 
Middle Precambrian rocks. Metamorphic grade increases from southwest to 
northeast. The rocks near the southwestern corner of the quadrangle are in the 
chlorite metamorphic zone, those in much of the quadrangle are in the biotite 
zone, and those near the northeastern corner are probably in the garnet zone. 

The Lower and Middle Precambrian rocks of the area are cut by intrusive 
rocks of different types, and possibly of several different ages. In the Amasa 
oval the Margeson Creek gneiss is intruded by many dikes or sills of greenstone 
and quartz porphyry. Some of this rock has been emplaced along faults at the 
south end of the complex. The Randville dolomite and the Hemlock formation 
in the south-central and southwestern parts of the quadrangle are intruded by 
metagabbro and metadiabase, and the Randville is als') intruded by trachyte in 
two places. Two sills in the Hemlock formation contain most of the metagabbro 
and metadiabase. These sills are here named the West Kiernan sill and the East 
Kiernan sill. Granophyre and pegmatitic phases of the metagabbro, occurring 
only along the southwest side of the West Kiernan sill, suggest that the rock was 
intruded as a flat-lying body that was later tilted to its present position with the 
original top side facing west or southwest. These intrusive rocks all were meta­
morphosed during the post-Michigamme late Middle Precambrian orogeny. An 
unaltered diabase dike in sec. 10, T. 44 N., R. 31 W., is the only later intrusion 
known in the area. 

Economic interest has centered on the iron-rich rocks of the area. The two 
formations potentially exploitable for iron are the Goodrich quartzite and the 
Fence River formation. Although neither formation appears to have significant 
amounts of iron "ore," the rocks of both conceivaiJly might be amenable to 
beneficiation. 

INTRODUCTION 

LOCATION, EXTENT, AND ACCESSIBILITY OF AREA 

The Kiernan quadrangle is located in eastern Iron County in the 
northern peninsula of Michigan (fig. 1). It lies between latitudes 
46°07'30" and 46°15'00" N. and longitudes 88°07'30" and 88°15'00" 
W., and occupies an area of about 51 square miles. It includes most 
ofT. 44 N., R. 31 W., approximately the northern third ofT. 43 N., 
R. 31 W., and narrow strips of adjoining townships on the north and 
west. Within its boundaries are found Lower, Middle, and Upper 
Precambrian rocks, rocks of Cambrian age, and extensive glacial 
deposits of Pleistocene age. 

The northern boundary of the quadrangle is about 20 miles south 
of the west end of the Marquette Range. The southeastern corner 
of the quadrangle lies on the west side of the Sagola basin 1 2 and is 
about 18 miles north-northwest of the west end of the Menominee 
Range. The city of Crystal Falls is 4~~ miles southwest of the south­
western corner of the quadrangle. The position of the Kiernan 
quadrangle in respect to the principal geologic features in the western 
part of the northern peninsula of Michigan is shown in figure 2. 

1 Pettijohn, F. J., 1951, Geology and magnetic anomalies ofT. 42 N., R. 30 W., Dickinson County, Mich., 
U. 8. Geol. Survey, open file report, pl. 1. 

2 James, H. L., Lamey, C. A., Clark, L. D., and others; U.S. Geol. Survey report on Central Dickinson 
County, Mich. (in preparation). 
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Most of the southern half of the quadrangle is within easy reach of 
good county roads or can be reached by water. The principal access to 
the southern part of the area is by the county road extending north from 
Michigan Highway 69 at Mansfield Township Hall, 3~~ miles west of 
Sagola. This road enters the quadrangle in the NW~~ sec. 14, T. 43 
N., R. 31 W., and connects with all other roads in the area south of 
Michigamme Reservoir. The northern half of the quadrangle is 
relatively inaccessible and can be entered by automobile on only a 
few poor roads or by boat from the south side of the reservoir. 

The mapping of the Kiernan quadrangle is part of an investigation 
of the northern Michigan iron districts by the U.S. Geological Survey 
in cooperation with the Geologieal Survey Division, Michigan Depart­
ment of Conservation. 

TOPOGRAPHY AND DRAINAGE 

RELIEF 

The Kiernan quadrangle is charaeterized by a eombination of low­
lying, swampy areas of seant relief alternating with loeally rugged 
knobs and hills. The maximum relief of about 280 feet belies the 
steepness of many slopes of the higher areas and the difficulty of 
traversing many of the hummoeky and knoblike glaeiated parts of the 
regwn. 

The highest altitude in the quadrangle is between 1,580 and 1,600 
feet at the top of Miehigamme Mountain on the north border of see. 4, 
T. 43 N., R. 31 W. The greater altitude of Miehigamme Mountain, 
its isolation in respec.t to other hills, and its location in more open 
country make it the Inost conspicuous topographic feature in the 
quadrangle. Several unnamed hills in the north-central part of the 
area, especially in see. 4, T. 44 N., R. 31 W., rise to altitudes between 
1,560 and 1,580 feet. The 1nost rugged topography in the quad­
rangle is along the Michigamme River in the vicinity of the Miehi­
gamme Falls power dam in the SEX sec. 7, T. 43 N., R. 31 W. 

GLACIAL FEATURES 

Glacial deposits of several types eover much of the area and 
evidently form many of the small hills, particularly east of longitude 
88°10'00" W., a part of the quadrangle devoid of outcrops. The 
brief deseription of the several types of glaeial material and the 
determination of their distribution is based largely on Bergquist's 
studies (1932, 1935), and to a lesser extent on observations made by 
the present writers. 

Bergquist has divided the glacial deposits of Iron County into till 
sheets, glaciofluvial sediments (outwash), and a terminal moraine. 
In the Kiernan quadrangle these deposits appear to be represented by 



INTRODUCTION 7 

till of possible middle Wisconsin age in the southeastern part, by part 
of the terminal moraine of the Superior ice lobe of late Wisconsin age 
in much of the eastern and northern parts, and by outwash sands and 
gravels of still later Wisconsin age that extend from the northeastern 
part of the area southwestward across the quadrangle. (See fig. 3.) 

The till forms a gently undulated surface broken by a few higher 
areas, particularly in the N% sec. 4 and in the NEX sec. 9, T. 43 N., 
R. 31 W., where bedrock projects through the glacial deposits. The 
till consists mainly of clay mixed with gravel, cobbles, and boulders, 
but in places contains interlaye.red silt as much as several feet in 
thickness. 

Terminal moraine of the Superior ice lobe forms a topography 
generally of hummocks and hills characterized further by numerous 
small kettles and small swampy areas of interior drainage. Many of 
the areas shown in figure 3 as being occupied by outcrop or thin 
glacial drift are surrounded by or adjoin areas of moraine, and in 
respect to glacial deposition, probably should be shown as morainal 
areas. The moraine is composed of cobbles, boulders, and room­
size erratics indiscriminately mixed with generally brownish clayey 
and sandy material. The coarser material consists mainly of granitic 
and gneissic rocks, quartzite, dolomite, and greenstone. 

The outwash sands and gravels occur principally along a relatively 
low-lying belt generally following the Michigamme River, Michi­
gamme Reservoir, and the Fence River. Bergquist (1932, p. 367) 
believes that the larger river valleys, such as the Michigamme, 
correspond in part to the preglacial drainage system of the area. 
Small valleys that contain outwash deposits and cross till plains or 
moraine probably have no relationship to preglacial drainage. The 
glaciofluvial material was deposited late in the waning stage of 
glaciation. The outwash material, in some places clearly layered or 
cross bedded, consists of admixed sand and gravel, or of well-sorted 
sand, overlain in places by silt. 

Many of the upland areas, hills, and isolated knobs in the northern 
part of the quadrangle are underlain by bosses of granitic or more 
basic rocks that crop out on the higher parts of the hills where glacial 
scouring and postglacial erosion have been effective. Many exposures 
in the southwestern part of the quadrangle are also caused in part by 
glacial scouring. 

STREAMS AND SWAMPS 

Surface drainage in the Kiernan quadrangle is dominated by the 
~iichigamme and Fence Rivers. The Michigamme River flows 
generally south of west across the central part of the area to the 
vicinity of Way Dam near the north edge of sec. 6, T. 43 N., R. 31 W., 
and from there generally south and southeast. 
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FIGURE 3.-Distribution of glacial de.posits in the Kiernan quadrangle. Modified from Bergquist. 1935, 
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About half the former course of the river across the quadrangle is 
now obscured by Michigamme Reservoir above Way Dam. In the 
reservoir area and along its backwaters, exposures reported by earlier 
workers have been flooded. In a few places, such as in the N~ sec. 
32, T. 44 N., R. 31 W., shore erosion has increased the size and 
quality of exposures. 

The Fence River flows generally southward across the northern 
part of the quadrangle and enters an arm of the reservoir in sec. 21, 
T. 44 N., R. 31 W. Erosion of the glacialcover by the Fence River 
has helped cause the many bedrock exposures immediately west of 
the lower reaches of the river. 

Some of the best exposures in the quadrangle are found along two 
smaller streams, Margeson Creek and Noyes Creek. Margeson 
Creek has exposed many excellent outcrops in sec. 7, T. 44 N., R. 31 
W., and in sec. 12, T. 44 N., R. 32 W. Erosion along the north side 
of the valley of Noyes Creek and along some of its intermittently 
flowing tributaries has exposed granitic rocks and gneiss in sees. 17, 
18, 19, and 20, T. 44 N., R. 31 W. 

1fuch of the surface drainage in the area is unintegrated and centers 
in nu1nerous isolated swamps ranging in altitude from 1,360 to 1,540 
feet. 

FIELD METHODS 

rrhe fieldwork on which this report is based was clone between 
February 1952 and June 1953. 

All geologic mapping was clone 
topographic map of the l(iernan 
Geological Survey. (See pl. 1.) 
plotted on the 1nap. 

direet.ly on enlargements of the 
quadrangle made by the U. S. 
All known outcrops have been 

Outcrops were located by pace and con1pass traverses from known 
points and, wherever possible, by direct reference to topographic 
features. In general, in the search for outcrops most of the quad­
rangle was traversed along north-south or east-west lines located 
250 to 500 feet apart. 1;Iany favorable areas of potential outcrop 
between traverses, such as hillsides or swamp margins, were further 
examined carefully. In this way, practically all outcrops in the 
quadrangle were located with a maximum error of about 100 feet. 

An area of about 11 square miles centering approximately on 
Michigamme Mountain was surveyed with magnetometers in an effort 
to unravel the confusing relationships between the several magnetic 
formations in that part of the quadra.ngle. The magnetic data are 
plotted on an enlargement of part of the IGernan quadrangle topo­
graphic sheet (pl. 2). Field methods and handling of data are 
discussed in the section of this report dealing with n1a.gnetic surveys. 
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LABORATORY METHODS 

The petrographic descriptions in this report are based rnainly on 
examination of about 325 thin sections. Feldspar determinations 
are based on measurements of the rnaximurn extinction angle of 
albite twinning, on measuren1ents of the extinction angle to (010) 
in sections perpendicular to .Ly or Z, on the determination of op6c 
sign, and by the liquid immersion method using standard 3-place oils. 

Volume percentages of minerals were determined by visual esti­
nlates, and grain sizes have been measured with an ocular micronl­
eter. In this report, grain sizes less than 0.1 mm are referred to as 
fine, grains between 0.1 mm and 2.0 mm are called n1edium, and 
grains larger than 2.0 mn1 are considered coarse. 

Four cornplete chemical analyses and a num her of partial analyses 
were made in the laboratories of the U. S. Geological Survey. 
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by the J. M. Longyear Company of Marquette, Mich., and by the 
Ford l\llotor Company, especially in and near see. 3, T. 43 N., R. 31 
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STRATIGRAPHIC TERMINOLOGY 

The correlation of bedded Precambrian rocks of the Marquette 
trough with the type Huronian sequence north of Lake Huron by 
early workers in the Lake Superior area (Hunt, 1861; Kimball, 1865; 
Irving, 1885) is now subject to considerable doubt. Applying to 
the Kiernan area the practice followed during recent Survey work in 
central Dickinson County, Mich./ crystalline rocks older than the 
Huronian of former reports are called Lower Precambrian instead of 
Archean; rocks formerly correlated with the Hvropiap ~re pow 
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referred to the Nliddle Preca.mbrian; Precambrian rocks younger 
than those formerly designated as Huronian are now called Upper 
Precambrian rocks. Subdivision of Lower, Middle, and Upper 
Precambrian rocks of the Kiernan quadrangle into formal groups or 
series has not been attempted in the present report. Wherever 
necessary for the sake of clarity, specific formations of Middle Pre­
cambrian rocks are correlated with the "Lower Huronian," "}viiddle 
Huronian," or "Upper Huronian" as used in U. S. Geological Survey 
Monograph 52 (Van Rise and Leith, 1911). 

PREVIOUS GEOLOGIC WORK 

The Kiernan quadrangle lies withjn a broad area that has been the 
subject of several previous geologie reports and maps. J. M. Clem­
ents and H. L. Smyth (1899a, 1899b) studied the Kiernan and adjacent 
areas in 1892. Most of the principal stratigraphie units were delin­
eated, and a fairly comprehensive description of "Huronian" rocks 
of the area was presented. 

Clements and Smyth recognized two major groups of Precambrian 
rocks: an older group of crystalline rocks which they identified as 
rocks of Archean age, exposed in the core of a large uplift east of 
Amasa (the Amasa oval of this report); a younger group, separated 
by a rnajor unconformity from the older rocks, and correlated by 
them w]th Huronian rocks of the Marquette Range. They divided 
these later Precambrian rocks into a Lower Huronian and an Upper 
Huronian series, in conformity with the then-accepted grouping of 
Huronian rocks of the Marquette area. Included in their Lower 
Huronian series were, in upward succession, the Sturgeon quartzite, 
the Randville dolomite, the Mansfield slate, the Hemlock formation, 
and the Groveland formation considered equivalent to the Negaunee 
iron-formation of the Marquette Range. The Mansfield slate was 
believed to pass along its strike into the lower part of the Hemlock 
formation. Near Michigamme Mountain the Mansfield was sup­
posed to occupy the entire stratigraphic section between the Rand­
ville dolomite and the Groveland formation. The Upper Huronian 
series of Clements and Smyth in the Kiernan area consisted of the 
Michigamme slate. 

Van Rise and Leith (1911, p. 251) recognized three major series 
within the Huronian sequence in the Marquette area. These were 
called Lower Huronian, Middle Huronian, and Upper Huronian. 
Corresponding subdivisions of the "Huronian" rocks of the Kiernan 
area were established. The Sturgeon quartzite, believed to be repre­
sented only by a thin, poorly developed slate, and the Randville 
dolomite were placed in the Lower Huronian; the Hemlock formation 

371023-56-2 
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and the Negaunee iron-formation (forn1erly called Groveland by 
Clements and Smyth) were placed in the Middle Huronian; and the 
11ichigamrne slate was placed in the Upper Huronian series. In 
addition to these adjustments, Van Rise and Leith reassigned the 
"Mansfield slate" to the status of a local unit within the upper part 
of the Hemlock formation. They did not correlate slates near Michi­
gamme Mountain and to the west in sec. 32, T. 44 N., R. 31 W., 
with "Mansfield slate" as Smyth had done; they merely noted the 
position of the slates immediately overlying Randville dolomite and 
underlying Negaunee ("Groveland") iron-formation (1911, p. 295-
296). In other respects the relative positions assigned the rocks of 
the Kiernan area by Clements and Smyth were retained by Van 
Rise and Leith. 

Allen and Barrett (1915, p. 25-27) disagreed with conclusions of 
Van Rise and Leith regarding the lack of eorrelation of iron formations 
on the east and west sides of the An1asa oval. Van Rise and Leith 
eoncluded that the iron-formation extending southeastward toward 
Crystal Falls from near Amasa on the west side of the oval was 
equivalent to the Vulean iron-forn1ation, then being plaeed with 
Upper Huronian rocks in the Menominee Range. They followed 
Smyth in correlating the south-trending iron-formation that enters 
the Kiernan quadrangle ilnmediately east of the oval in sec. 34, T. 
45 N., R. 31 W., with the Negaunee iron-formation of the Marquette 
Range and the Republic trough to the northeast. In the tripartite 
division of the Huronian roeks of the Marquette Range, the Negaunee 
had been plaeed in the Middle Huronian. Allen and Barrett supported 
this correlation but argued that the iron-formation near Amasa on 
the west side of the oval is correlative with the iron-formation on the 
east side of the oval and henee also of Middle Huronian age. Their 
interpretation of the geology within the lin1its of the present Kierna11 
quadrangle was in substantial agreement with the conclusions pre­
sented by Van Rise and Leith. 

The most reeent relatively large-scale regional geologie lnap to 
include the l{iernan quadrangle is the Geologie Map of Iron County, 
lVfieh. (Barrett, Pardee, and Osgood, 1929), published by the State of 
lV1iehigan. The interpretation and formational patterns in the area 
of the Kiernan quadrangle differ signifieantly on this map in two 
respeets from those presented in Monograph 52. The termination, 
northeast of Miehigamme Mountain, of the iron-formation extending 
southward along the eastern side of the oval was attributed by Barrett, 
Pardee, and Osgood to a northwest-trending fault. They showed the 
iron-formation offset to the northwest along the fault and continuing 
southward from the fault to ~1ichigamme 11ountain. Barrett, 
Pardee, and Osgood also extended the granitic core of the oval about 
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a mile farther south than it had previously been shown, into the area 
now occupied by the central part of Michigamme Reservoir. 

Leith, Lund, and Leith (1935), reviewed the geology of the Lake 
Superior area in the light of geologie information aequired after the 
work of Van Rise and Leith. On the small-seale map aecompanying 
the report, the geology in the area of the Kiernan quadrangle is 
shown substantially as it had been by Barrett, Pardee, and Osgood. 

On the geologie map of northern Miehigan (Martin, 1936), the 
interpretation presented by Barrett, Pardee, and Osgood (1929), 
and by Leith, Lund, and Leith (1935), is retained within the area 
of the Kiernan quadrangle. 

GENERAL GEOLOGY 

STRATIGRAPHY 

Aeeorcling to the interpretation advaneecl here, the Lower Pre­
eambrian roeks of the Kiernan quadrangle inelude magnetic green 
schist, and granitic roeks and gneiss of the Margeson Creek gneiss. 
Middle Preeambrian rocks overlie the Lower Preeambrian roeks 
uneonforn1ably; in upward sueeession they are Randville dolon1ite 
with minor assoeiated sericite slates, Gooclrieh quaTtzite with some 
fragments of possible Negaunee iron-formation, Hemlock formation, 
Fenee River foTmation, and Miehigamme slate. UneonfoTmities are 
believed to exist at the base of the Randville dolomite, at the base 
of the Goodrich quartzite, and at the base of the Miehigamme slate. 
The Randville is in the Lower Huronian, and the Goodrieh, Hemloek, 
Fenee River formation, and the Miehigamme slate are in the Upper 
Huronian of former reports. Upper Precambrian roeks are repre­
sented in the area by the single fresh negatively magnetized diabase 
dike of possible Keweenawan age in the SWX see. 10, T. 44 N., R. 
31 W. These units and relationships are indicated in tables 1 and 2. 

TABLE 1.-Past and present usage of stratigraphic terms and formation names in 
the Kiernan quadrangle 

U.S. Geol. Survey Monograph 52 Present Report 

Keweenawan ___________ -------------------------- Upper Precambrian ___ Diabase. 

Upper Huronian ________ Michigamme slate ______ ------------------------ Michigamme slate. 

Middle Huronian _______ Negaunee formation _____ Middle Precambrian __ 
Hemlock formation ____ _ 

Lower Huronian ________ Randville dolomite ____ _ 
Sturgeon quartzite _____ _ 

Fence River formation. 
Hemlock formation. 
Goodrich quartzite (with 

some fragments of possible 
Negaunee iron-formation). 

Randville dolomite. 

-------·----------1-----------------
Archean ________________ Granites and gneisses ___ Lower Precambrian ___ Granite rocks, gneiss, mig-

matite, magnetic green 
schist. 
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TABLE 2.-Rock units in the K1:ernan quadrangle 

______ A __ ge ______ 
1 
_______ R_o_ck _______ 

1

I __ T_h_ic_kn __ e_s_s_in __ re_e_t
1 

______________ R __ e_m_a_r_k_s ____________ __ 

Pleistocene Glacial deposits 0-300 (?) Till; moraine; outwash sand and gravel. 
Mantles most of quadrangle. 

------------I----------------1-Unconformity·-I---------------------------------

Cambrian Sandstone 0-50 (?). 

Mainly loosely cemented quartz sandstone. 
Probably forms :flat-lying erosional rem­
nants. Found only on test pit dumps in 
southern part of quadrangle. 

--------------I----------------I·-Unconformity-1-------------------------------­
Upper Precam­

brian. 

Middle Precam­
brian(?). 

----------

Middle Precam­
brian. 

JJ 
0 

8 
QJ 

·~ 
8 
:s 

Diabase 

Quartz 
porphyry. 

Fine-grained 
greenstone. 

Mttagabbro and 
metadiabase. 

Trachyte 

Michigamme slate 10,000± 

Fresh unaltered dike rock. Cuts Hemlock 
formation in sec. 10, T. 44 N., R. 31 W. 
Rock inversely magnetized. 

Strongly foliated quartz-sericite rock with 
characteristic quartz "eye" phenocrysts. 
Forms dikes or sills in Margeson Creek 
gneiss. 

Slaty well-foliated dike rock intruded mainly 
into Margeson Creek gneiss, particularly 
along faults and fractures near south end of 
Amasa oval. 

Medium- to coarse-grained rock forming two 
large. sills in Hemlock formation and smaller 
irregular masses in the Hemlock formation 
and in the Randville dolomite. West 
Kiernan sill contains mostly metagabbro 
and metadiabase, with some pegmatitic 
rock and granophyre in upper part. 

Light-colored foliated altered feldspar-sericite 
rock believed to be intrusive into the Rand­
ville dolomite. 

Only exposure in quadrangle is of quartz­
biotite schist, metavolcanic in origin, lying 
near base of formation. Outside quad­
rangle, formation is known to be predomi-
nantly slate and graywacke with some inter­
bedded metavolcanic rock. 

1--------I-Unconformity-I-------------------------------­

Fence River forma­
tion. 0-250 (?). 

Not exposed in quadrangle, but extended 
into area because of magnetic data. In 
outcrop 2Y:l miles north of quadrangle lower 
part of formation is mainly thin-banded 
fine-grained quartz-magnetite. rock, and 
upper part is massive garnet-grunerite 
schist. Formation is strongly magnetic. 

-------- -------- -----------------------------------

Hemlock formation 2,000-6,000 ('!) 

Mainly greenstone; predominantly meta-
basalt in southwestern part, basic schist in 
northeastern part, and metarhyolite (in­
cluding sericite slate) in southeastern part 
of quadrangle. Magnetic in places. Attains 
thickness of about 20,000 feet west of quad­
rangle. 

---------- -------- ---------------------------

Goodrich quartzite 0-500 (?) 

Fine- to medium-grained fe.rruginom quartz­
ite, typically with abundant clastic quartz 
grains. Matrix commonly cherty. Con­
tains some fragments of possible Negaunee 
iron-formation. Strongly magnetic in most 
places. 

I----------1-Unconformity-I-----------------------------­

Rand ville dolomite 1,800±. 

Mainly buff to pink, fine- t.o medium-grained 
dolomite with scattered quartz grains. In­
cludes some arkose and quartzite. Slate­
schist units near top and bottom of forma­
tion. Silica rock in NW~4 sec. 34, T. 44N., 
R. 31 W ., believed to be silicified dolomite 
developed on Precambrian erosion surface. 

----------I----------------1-Unconformity-I-----------------------------­

Lower Precam­
brian. 

Margeson Creek 
gneiss. 

Magnetic green 
schist. 

Type of contact 
unknown? 

Mainly foliated gneissic granitic rocks and 
older banded gneiss. 

Not exposed in quadrangle. South of quad­
rangle rock is mainly green chloritic 
schist with some red sericitic schist. 
Strongly magnetic in places. 
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The present interpretation of the relationships between the Middle 
Precambrian formations within the area of the Kiernan quadrangle 
differs from those presented in previous publications in the following 
main respects: 
1. The "Negaunee iron-formation" deseribed in previous reports as 

being present at Michigamme ~fountain and vicinity is erosional 
rubble within the Goodrich quartzite. 

2. The Goodrich quartzite at Michigamme Mountain directly over­
lies Randville dolomite or a thin slate unit at the top of the 
Rand ville. 

3. The iron-formation eausing the belt of magnetic anomaly on the 
east side of the Amasa oval, and cropping out only north of the 
quadrangle at the Sholdeis exploration (fig. 2), is younger 
than the iron-rich Goodrich quartzite at Michigamme Mountain 
and therefore is an "Upper Huronian" formation. Formerly it 
was correlated with the "Middle Huronian" Negaunee iron-for­
mation. It is here named the Fenee River formation. 

4. The Hemlock metavolcanic rocks lie above the Goodrich quartzite 
at Michigamme Mountain and below the Fence River formation 
on the east side of the oval. No Middle Precambrian meta­
voleanic rocks older than the Goodrich have been found. 

5. Metarhyolite, not definitely reeognized as such before, forms part 
of the Hemlock formation at Michigamme Mountain and to the 
northeast. 

6. The termination of the magnetic anomaly on the Fence River 
formation in sec. 27, T. 44 N., R. 31 W., is held to be due to the 
removal of the formation south of that seetion by erosion prior 
to deposition of the Michigamme slate. The termination of this 
anomaly was attributed to faulting (Barrett, Pardee, and Osgood, 
1929, Leith, Lund, and Leith, 1935, and Martin, 1936). 

STRUCTURE 

Structures in the quadrangle are dominated by two uplifts of Lower 
Precambrian rocks along a line from the northwestern to the south­
eastern parts of the quadrangle. The northwestern of these tw0 
uplifts is the western or Crystal Falls "Archean oval" or "ellipse" of 
Clements and Smyth (1899 b) and Van Rise and Leith (1911). This 
uplift is here called the Amasa oval, the name it is generally given now 
by geologists in the region. The southeastern uplift consists of an 
unexposed core of Lower Precambrian magnetic green schist flanked 
by belts of Middle Precambrian rocks. 

Middle Precambrian metasediment~ry and metavolcanic rocks dip 
outward along the flanks of the A:m~sa oval to form belts roughly 
parallel to the east and west sides of the core. Randville dolomite 
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forms relatively narrow belts on the east and west sides of the uplift 
but has a broad area of exposure to the south on the nose of the uplift. 

The axis of the Amasa oval uplift plunges south-southeastward 
from the southern end of the oval in sees. 20 and 21, T. 44 N., R. 31 
W., toward Michigamme Mountain where the south-southeast trend 
is interrupted by several crossfolds. Farther southeast, in sees. 10, 
14, and 15, T. 43 N., R. 31 W., the north-northwest to south-southeast 
structural axis again rises, bringing the magnetic green schist toward 
the surface. In recent drilling south of the quadrangle in T. 43 N., 
R. 31 W., this formation was found at the preglacial surface. 

METAMORPHISM 

At least two periods of regional metamorphism are evident in the 
rocks of the quadrangle. One, and possibly more than one, general 
metamorphism occurred prior to the forming of 11iddle Precambrian 
rocks. This metamorphism accon1panied igneous intrusion or mig­
matization-granitization of Lower Precatnbrian rocks exposed in the 
Amasa oval. The other period of metamorphism-the latest­
occurred sometitne after the forn1ation of the youngest Middle Pre­
eanlbrian rocks and before the intrusion of the Upper Precambrian 
diabase. It generally modified the effects of earlier metamorphism. 

James (1955) has traced lnetamorphic zones developed during this 
latest period of regional metamorphism across the western part of 
the northern peninsula of Michigan. The modifying effect of the 
younger metamorphisn1 on the older is attested by the fact that the 
zones delineated by James pass essentially without deflection from 
11iddle Precambrian rocks across areas of Lower Precambrian rocks. 
In the Kiernan quadrangle, metamorphic zones trend approxitnately 
southeast, and the metamorphic grade increases fron1 the southwestern 
to the northeastern part of the quadrangle. There is no relationship 
between the trends of the zones and the contact between Lower and 
~fiddle Preealnbrian rocks, although this is more evident in the large 
area studied by JanH'S than in the relatively small area of the Kiernan 
quadrangle. 

The range of Inetamorphie grade in the roeks of the quadrangle is 
frmn the chlorite zone, as used in the Seottish Highlands (Barrow, 
1893, 1912; Bailey, 1923), to the upper part of the biotite zone or the 
lower part of the garnet zone. The trends and approximate locations 
of the metamorphic zones in the quadrangle are shown in figure 4. 
The inerease in meta1norphic grade to the northeast is best observed 
in the widely distributed He1nlock formation. Near the southwestern 
corner of the quadrangle, metavolcanic rocks of the Hemlock contain 
chlorite, sericite, and pale-green hornblende and are in the chlorite 
zone or the muscovite-chlorite subfacies of the green schist facies 
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(Eskola, 1915, 1920; Turner, 1948). Several thousand feet northeast 
of the southwestern corner, and from there northeastward, biotite 
occurs indicating that the rock is in the biotite zone or in the biotite­
chlorite subfacies of the green schist facies. North of the northeastern 
shore of Michigamme Reservoir, hornblende is blue green rather than 
pale green, and the metavolcanic rocks are in the upper part of the 
biotite zone or in the lower part of the garnet zone (albite-epidote 
amphibolite facies). Garnet has not been found in the metavolcanic 
rocks in the northeastern part of the quadrangle; however, it occurs 
in the rocks a few miles to the north near the Sholdeis exploration in 
sec. 21, T. 45 N., R. 31 W. By projection from the Sholdeis explora­
tion the garnet zone appears to cross the extreme northeastern part 
of the quadrangle. 

LOWER PRECAMBRIAN ROCKS 

MARGESON CREEK GNEISS 

Lower Precambrian rocks are exposed in the quadrangle only in the 
Amasa oval, where they may be seen in small isolated knobs and on 
many hills. These rocks are named the Margeson Creek gneiss in 
the present report, after Margeson Creek along which there are many 
exposures in sec. 12, T. 44 N., R. 32 W.; sees. 6 and 7, T. 44 N., R. 31 
W.; and sec. 31, T. 45 N., R. 31 W. 

Most of the rocks of the Margeson Creek gneiss are gneissic and 
granitic, ranging from granite to tonalite (quartz diorite) in composi­
tion. There are two principal types of gneissic rock. One type has 
distinct layers of light and dark minerals parallel to foliation. 4 It is 
called banded gneiss in this report. It is generally gray and of grano­
dioritic to tonalitic compositions. Biotite- and hornblende-rich phases 
of the banded gneiss are locally abundant. The other main type of 
gneissic rock is nonbanded and commonly inequigranular. It has pro­
nounced alinement of minerals, particularly tabular phenocrysts or 
metacrysts of feldspar, parallel to foliation. This type is here called 
gneissic granitic rock or foliated granitic rock (fig. 5). It is generally 
gray to pink and of granitic to granodioritic composition. Among 
the less common types of rock are nonfoliated granitic and pegmatitic 
rocks that are generally equigranular. A foliated quartz-sericite rock 
is found along inferred faults in the southern part of the area of 
exposures and is interpreted as mylonitized granitic rock. Distinc­
tions between the rocks of the Margeson Creek gneiss are listed in 
table 3. 

Many of the larger outcrops contain both banded gneiss and gneissic 
granitic rock. Residual layers or tabular inclusions of banded gneiss 

4 As used here, "foliation" refers to a close-spaced planar structure that appears in outcrop as fine irregular, 
subparallel lines or seams distributed across the rock surface. 
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FIGURE 5.- Foliated inequigranular granitic rock of Margeson Creek gneiss. Large tabular feldspars are 
well alined and form about 50 per cent of the rock. Loc. 3,600 feet north and 1,300 feet west of southeast 
corner sec. 12, T. 44 N., R. 32 W. Length of scale is 6 inches. 

are !orally common in the foliated granitic rocks; they are especially 
well exposed in places in the SE~~ sec. 12, T. 44 N., R. 32 W. ln 
places these inclusions or residual layers are sharply truncated by the 
surrounding granitic rock, proving conclusively that the banded gneiss 
formed prior to the granitic rock. Although inequigranular foliated 
granitic rocks are much more abundant than banded gneiss, exposures 
of the gneiss are found throughout the southern part of the oval. 
Because of the intimate association of banded gneiss and gneissic 
granites and because of their common alternation from one outcrop 

TABLE 3. - Rocks of the M~argeson Creek gneiss 

Banded 

Equigranular 

Foliated 

Nonfoliated - Non-
Nonbanded banded. Equigranular 

(generally) 

Inequigranular 1 Equigranular 
----- ------1-------------------------------

Granodioritic to tonalitic 
gneiss: includes some 

amphibolite, biotite 
schist, and sericite 
schist. 

Medium-grained _________ _ 

Relatively abundant_ ____ _ 

Gneissic granitic rock; 
mostly quartz mon­
zonite and granodio­
rite; characterized by 
large alined tabular 
micro cline. 

Medium- to c o a r s e -
grained. 

Abundant_ _____ ________ _ 

Gneissic granitic rock; 
most ly granodiorite 
and tonalite. 

Mainly pegmatitic gran­
ite. Commonly grades 
into surrounding foli­
ated granitic rock. 

Medium-grained ________ Medium- to coarse-
grained. 

Not abundant__ ____ _____ Not abundant. 

1 In this table, does not include mylonitized granitic rock. 
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to another, it has not been possible to define clear-cut areas of granitic 
rocks or of banded gneiss. Such distinctions might be made on maps 
of suitable large individual outcrops, if mapped at a scale considerably 
greater than 1:12,000. 

Migmatite, consisting of an intimate mixture of banded gneiss and 
nonfoliated granitoid material is widely distributed but not abundant. 
It is best exposed in the SE?~ sec. 12, T. 44 N ., R. 32 W., the south­
central part of sec. 17, and the north-central part of sec. 20, T. 44 
N., R. 31 W. The migmatite is not a mappable unit. It forms small 
irregular zones of transitional material between banded gneiss and 
gneissic granitic rock. Individual exposures of obvious migmatite 
generally do not encompass areas measuring more than a score of 
feet in any direction. The commonest form of migmatite in the 
area is a lit-par-lit arrangement of apparently structureless quartz­
feldspar granitic material between gneiss layers. Another form of 
migmatite consists of medium-grained banded gneiss containing 
widely separated metacrysts of feldspar, ranging in length from a 
quarter of an inch to 3 inches. 

BANDED GNJ<JISS 

General.feature.s.- Banded gneiss is found throughout the Margeson 
Creek gneiss. It consists mainly of foliated grayish rocks with com­
positions and textures similar to those of granodiorite and tonalite. 
Bands arc commonly on the order of~ inch to 1 foot in width. Am­
phibolite, biotite-quartz schist, biotite-feldspar schist, and sericite­
quartz schist are minor phases of the banded gneiss. Petrographic 
data are listed in table 4. 

Granodioritic and tonalitic varieties.- AlbiLe-oligoclasc, quartz, 
and biotite constitute most of the granodioritic and tonalitic gneisses. 
Microcline generally does not exceed 10 percent; orthoclase and 
perthitc are minor constituents. The texture is sheared granitoid 
or granoblastic in most places. Dark layers and zones containing 
thin dark-green biotite scams commonly alternate with broader 
light-colored layers rich in quartz and feldspar. Some larger quartz 
grains are elongated or flattened parallel to foliation. Shear seams 
in the light-colored layers are generally filled with fine-grained sericite 
(or paragonite?) and quartz, and fragmented quartz and feldspar 
are commonly strung out parallel to shears. The sericite or para­
gonite is derived by the alteration of sodic plagioclase. Microcline 
generally is not sericitized. Much of the biotite appears to be primary; 
some, however, may have formed at the expense of sheared feldspar. 
The biotite probably was extensively rearranged along shears dur­
ing deformation. 



TABLE 4. -Petrographic data for rocks of the ~Margeson Creek gneiss 
[Some minerals fall in more than one of the three percentage columns. Mineral name is in parentheses if that mineral belongs in indicated column in only few specimens] 

Rock Dominant minerals Subordinate minerals 
> 20 percent 5-20 percent 

Granodioritic and ton- I Albite-oligoclase Ans-15---1 Microcline, biotite, 
alitic. sericite-some or all 

may be paragonite. 

Amphibolite __________ -I Hornblende, oligoclase- Clinozoisite, zoisite, and 
andesine An2s-as. epidote. 

Biotite schist_ ____ _____ l Biotite, (quartz), (chlo- ~ Quartz, chlorite, (fold-
rite). spar), (sericite). 

Sericite schist_ _________ I Sericite, quartz __________ [ Biotite, (chlorite) , (feld-
spar) . 

Inequigranular _________ JVI icrocline, albite-oli- Biotite, perthite, (al-
goclase Ans-1;, quartz . bite-oligoclase) geri-

cite- some or all may 
be paragonite. 

---- ---------
Equigranular __________ Albite-oligoclase Ans-1s, Biotite, sericite- some 

quartz, (microcline- or all may be parago-
dominant only in peg- nite, microcline. 
matitic granite). 

Mylonitized ___________ Sericite, quartz __________ Feldspar- mainly inde-
terminate. Some 
probably orthoclase. 

Predominant grain 
sizes of dominant 

Minor minerals minerals, 
< 5 percent F - <O. lmm, 

M-0.1 to 2.0mm, 
C->2.0mm 

(Biotite), (microclinc), ortho- I M and 
clase, perthite, carbonate, 
kaolinite, epidote, chlo-
rite, ilmenite, leucoxene, 
apatite, zircon, pyrite. 

Hemarks 

-

Allotriomorphic granular texture. Cata­
clastic texture along microshcars. 
Stringers and pods of mosaic quartz 
common. 

Biotite, chlorite, sericitf', 1 M _________ _ 
kaolinite, carbonate, il-
menite, Apatite. 

--1 Granoblastic texture. Anhedral roo­
shaped hornblende in sutured contact 
with equant feldspar. 

Feldspar, (chlorite), sericite, I F and 
carbonate, epidote, ilmen-

_-I Strong alinement of platy minerals. 

ite, leucoxcnc, pyrite. 

Chlorite, feldspar, carbon- I F and M ___________ _ Strong alinement of platy minerals. 
ate, zircon, apatite, lcu-
coxene, iron oxides . 

Granitic rocks 

Chlorite, orthoclase, albite, I M and c ____________ Sheared granitoid or allotriomorp,lic gran-
kaolinite, carbonate, ular to hypidiomorphic granular texture. 
(pertl1ite), apatite, zircon, Carlsbad twins of microcline are com-
leucoxene, iron oxides. mon. Aggregates of sericite or parago-

nite, granular quartz, and biotite along 
shears, cataclastic zones, and cracks. 
Much biotite in patchy aggregates be-
tween larger feldspar and quartz . 

---------
Chlorite, kaolinite, carbon- M, Pegmatitic Yari- Mainly sheared granitoid or allotrimorphic 

ate, (sericite), (microcline), eties are C. granular textures. Small amounts of 
apatite, zircon, leucoxene, unsheared (nonfoliated) rock, much of 
iron oxides. which is pegmatitic. 

--------
(Feldspar), biotite, carbon- F and M ____ ________ Feldspar much fragmented and kaolinized. 

ate, kaolinite, zircon, Feldspar and quartz immersed in sericite 
leucoxene, iron oxides . groundmass . Quartz in unstrained mo-

saics and in strained segments of original 
granitic rock. 
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Amphibolite.- Amphibolitc is found in the gneiss in the NW7~ sec. 
5 in the NEXNEX sec. 6, and in the SEXNW7~ sec. 7, T. 44 N., 
R. 31 W. The rock is dark green. It forms small rounded smooth­
surfaced outcrops. On weathered surfaces it has typical "salt and 
pepper" appearance caused by white altered feldspar between dark­
green hornblende crystals. The amphibolite is in places weakly 
foliated pa1allel to trends of nearby gneiss; elsewhere it is not foli­
ated. In the outcrops in sees. 5 and 6, it has a pronounced lineation 
caused by the alinement of prismatic hornblende. The rock consists 
almost entirely of hornblende and oligoclase or oligoclase-andesine 
and their alteration products. In the amphibolite in sec. 6, the 
plagioclase is extensively altered to zoisite and clinozoisite. In the 
amphibolite in sec. 7, hornblende has been considerably altered to 
biotite, some of which in turn has changed to chlorite. 

The amphibolite appears to represent igneous rock of gabbroic or 
dioritic cmnposition that was injected into the gneiss or pregneissic 
sediments and later metamorphosed. 

Biotite and sericite schists.- Zones or layers of biotite-quartz schist 
ranging from a few inches to about 1 foot in thickness have been 
found in the gneiss in a few small and widely separated outcrops. 
This rock is dark green to black. It consists mainly of greenish­
brown biotite and quartz, with some chlorite and small amounts of 
other minerals as listed in table 4. The biotite is in well-alined 
blades and flakes alternating with grains and stringers of quartz. 
The chlorite has the bladelike form of biotite, grades into biotite in 
places, and is clearly a result of retrograde metamorphism. 

Biotite-feldspar schist and sericite-quartz schist are minor phases 
of the gneiss known in only a few widely separated localities. 

GRANITIC ROCKS 

D1.'stribution.- Granitic rock forms most outcrops of the Margesoll. 
Creek gneiss. The best exposures are in sec. 12, T. 44 N., R. 32 W., 
and in sees. 16, 17, 18, 20, and 21, T. 44 N., R. 31 W. Outcrops or 
parts of outcrops of the Margeson Creek gneiss not otherwise 
specifically designated on the map consist of granitic rock. 

Description.- Outcrops generally are rounded bare knobs of vary­
ing size. The glacially scoured surfaces commonly have been dark­
ened by weathering and thin films of organic matter. 

The granitic rocks range in composition from granite to tonalite, 
but about two-thirds of the material examined is quartz monzonite 
and granodiorite. The fresh rock generally is gray or gray green to 
pink; in many places the interspersion of the different colored min­
erals produces a mottled effect. The dominant minerals are sadie 
plagioclase, microcline, and quartz. The granitic rocks are typically 
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well foliated, and in the inequigranular varieties the larger feldspar 
crystals are generally alined parallel to foliation. The foliation is 
marked by thin irregular biotite-bearing seams which in places fray 
out into a structureless groundmass. In thin section, sheared gran­
itoid textures prevail. Although mineral grains are mostly subhedral 
to anhedral, some larger microcline crystals approach euhedral form. 
Petrographic data are listed in table 4, and the common minerals are 
shown in typical arrangement in figure 6. 

FIGURE 6.- Photomicrograph of typical granitic rock in Margeson Creek gneiss. Microcline is much 
fresher than sodic plagioclase. Sodic plagioclase is sericitized extensively. Crossed nicols. Loc. 4,200 
feet north and 200 feet west of southeast corner sec. 20, T. 44 N ., R. 31 W. (m) microcline, (pl) plagioclase, 
(ser) sericite, (q) quartz, (c) carbonate, (bi) biotite. 

The chief mineralogic distinction between the equigranular and 
inequigranular granitic rocks is the dominance of sodic plagioclase in 
the equigranular rocks and microcline in the inequig.rannlar rocks. 
In the inequigranular rocks, sodic plagioclase is abundant only in the 
groundmass. Sericite clouds much of the sodic plagioclase in both 
equigranular and inequigranular rocks. Microcline constitutes most 
of the large crystals of the inequigranular rocks and forms about 
one-third to one-half of the material in the rocks. Percentages of 
the large crystals are difficult to estimate because, at most, only a 
few such crystals occur in any one thin section. The microcline 
occurs principally as phenocrysts or metacrysts, 3 millimeters to 5 
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centimeters in length. The fresh microcline contrasts strikingly 
with the altered plagioclase of the groundmass. Minor amounts of 
fresh groundmass-size microcline may have resulted from the frag­
mentation of larger crystals. The freshness of the microcline in 
respect to sodic plagioclase may indicate (1) that the microcline 
grew in place after the sodic plagioclase of the host rock had already 
been altered or (2) selective alteration of sodic plagioclase to sericite 
in rock also containing microcline. Other features discussed below 
in the section on "origin" (p. 25-26) give some support to the idea 
that the microcline is younger than the plagioclase. 

In some specimens large tabular microcJine has changed in part 
to perthite or has been considerably replaced by albite (fig. 7). Along 

FIGURE 7.-Photomicrograph of microcline crystal partly replaced by albite. From foliated inoquigranular 
granitic rock of Margeson Crock gneiss, 600 feet north and 600 feet west of southeast corner sec. 36, T. 45 
N., R. 32 1V. All isolated relict patches of microcline extinguish simultaneously. Albite has faint chess­
board structure. Quartz v einlet crosses microclinc-albite crystal in lower left part of photograph. Patches 
of sericite (or paragonite?) lie between many oflarger feldspar crystals of rock. Crossed nicols. (m) micro­
cline, (a) albite, (ser) sericite, (q) quartz, (pl) plagioclase. 

the albite-microcline interface in one of the partly replaced crystals, 
stringers of albite project into the microchne to form a replacement 
perthite. 

Orthoclase and perthite are minor or subordinate constituents of 
some of the granitic rocks. (See table 4.) In the inequigranular 
rocks perthite forms both medium-size angular grains in the ground-
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n1ass and coarse tabular crystals, son1c of which have carlsbad twin­
ning. 

Large phenoerysts or Inetaerysts of albite occur in sn1all amounts 
in the inequigranular granitie roeks. The albite is eommonly fresh 
looking (unsericitized) and untwinned, although some is rather 
mottled or has chess-board structure. It may have formed by the 
replacement of potash feldspar in the manner of the partial replace­
ment of mierocline by albite described above and shown in figure 7. 

Although the soda necessary for these actual and inferred replace­
ments may have been derived from outside the roek, it seems more 
likely that the soda was derived by unmixing in the observed erystals 
and in nearby potash-soda feldspars. Possibly the unmixing was a 
response to shearing and erushing of the roek, as postulated by 
Emmons and Gates for somewhat similar roeks in northern Wisconsin 
(Emmons, and others, 1953, p. 56, 71). Chayes (1952) has noted a 
possible relationship between granulation and unmixing in the forma­
tion of perthite. It is not clear whether the albitization of the micro­
dine oecurred late in the period of Lower Preeambrian granite intru­
sion or granitization in whieh the microeline forn1ed or whether it is 
a result of later deformation, such as the uplift of the Amasa oval. 

Quartz oecurs in equant or elongated strained erystals, lensoid 
pods with mosaic texture, and as fine granular aggregates. Small 
granular quartz is generally interspersed with sericite and biotite. 
Biotite forms patchy aggregates between feldspar and quartz grains. 
Much of the biotite may have been primary, but if so, it was mobilized 
and reerystallized during shearing of the rock. 

ORIGIN 

The principal rocks of the Margeson Creek gneiss are banded gneiss 
and inequigranular granite. In most plaees, the eontacts between 
these rocks are gradational and their mutual relationships vague. 
Loeally, however, the structure of the gneiss is truncated by the gran­
ite, and it seems reasonable to conelude that the gneiss is the older 
rock. The well-developed layering in the gneiss suggests further that 
it has been derived from an original bedded roek of somewhat similar 
composition. The gneiss, therefore, may be considered to represent 
an originally layered country rock in which the granite was emplaced. 

The structural and textural relationships between the gneiss and the 
granite lead to the conclusion that the granitic rocks originated by a 
combination of metasomatic growth of feldspar phenocrysts in the 
gneiss (or its precursor) and local n1agma injection. The relative 
importance of these two proeesses is difficult to evaluate; and, of 
course, they are by no means mutually exclusive. The idea of mag­
matic emplacement is supported by the homogeneity of some areas 
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of granite, by the loeal truneation of gneissie structure (with foliation 
in the erosseutting granite parallel to the eontaet), and by the local 
development of coa.rse-grainecl unfoliated pegrna.tite "patches." 
Metasmnatisrn is indicated by the common occurrenee of gradational 
contacts and by the loeal growth of tabular feldspar metaerysts 
athwart sharp eontaets. Furthermore, widely separated feldspar 
metaerysts similar to those in the granite are common in the banded 
gneiss, and it seems evident that more extensive growth of such meta­
erysts would yield a rock similar in every way to the inequigranular 
granite that is the dominant rock type in the Margeson Creek gneiss. 

MYLONITIZED GRANITIC ROCK 

Mylonitized granitic roek has been found in two narrow and elongate 
zones now marked by north- and northwest-trending gullies crossing 
exposures of granitic rock in the southern part of the Margeson Creek 
gneiss. One sueh zone-the main one-centers about 2,200 feet west 
and 900 feet south of the northeast corner see. 20, T. 44 N., R. 31 W. 
The other zone centers about 1, 950 feet west and 800 feet south of the 
same corner. A small area of mylonitized material in granitic rock 
occurs 2,680 feet west and 1,200 feet south of the above-mentioned 
section corner. 

The mylonitized granitic rock is moderately schistose. The strike 
of foliation conforms locally with trends of the gullies along which 
the rock is found. Outcrops are small and elongate or roughly tabular 
in shape; their form appears to be controlled by the steeply clipping 
foliation. The rock is gray or mottled pink and gray. The dominant 
minerals are sericite and quartz, with subordinate feldspar. Although 
the rock is granulated and extensively recrystallized, phases transi­
tional between the typical mylonitizecl material and normal granitic 
rock have been recognized. Petrographic data are listed in table 4. 

AGE RELATIONS 

The rocks of the Margeson Creek gneiss, occupying the core of the 
Oval, were described by Clen1ents and Smyth (1899b), and by Van 
Rise and Leith (1911) as being unconformably beneath the Randville 
dolomite and were considered "Archean" in age. The present study 
corroborates these conclusions, although the term "Archean" is not 
used here. 

Although the actual contact of the dolomite with rocks of the 
complex is nowhere exposed in the quadrangle, the following points 
indicate conclusively that the gneiss and granitic rocks are pre­
Randville in age: 
1. The general north to northwest trend of foliation in the banded 

gneiss and in the gneissic granitic rocks persists to the very 
southern end of the exposed complex. The Randville dolomite 
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therefore truncates the foliation of the gneissic and granitic 
rocks in sees. 20 and 21, T. 44 N., R. 31 W. 

2. The rocks of the complex have undergone much greater mechanical 
deformation than has the Randville dolomite. 

3. Granitic or pegmatitic offshoots have not been found in the Rand­
ville dolomite. 

4. No contact metamorphic effects have been found in dolomite 
close to the contact with granitic rock. 

The Margeson Creek gneiss, unconformably beneath the Randville, 
is in a position analogous to Lower Precambrian granitic and gneissic 
rocks of Dickinson County 5 although it does not necessarily correlate 
with these rocks. 

MAGNETIC GREEN SCHIST 

DISTRffiUTION 

The magnetic green schist is not exposed in the Kiernan quadrangle. 
The rock has been traced magnetically from the vicinity of Sagola in 
west-central Dickinson County, Mich., where it has been correlated 
with rocks of the Lower Precambrian Dickinson group. 6 7 From 
there it goes northwestward across the Lake Mary quadrangle 8 

into the Kiernan quadrangle in sec. 14, T. 43 N., R. 31 W. (See pl. 2.) 
The rock is known only from a few outcrops and test pits near Sagola 
and from drill holes in the Lake Mary quadrangle. 

DESCRIPTION 

The magnetic green schist is mainly a green fine-grained schistose 
to slaty rock, deeply oxidized in places. Felsite schist or slate has 
been found in some drill holes. The rocks are chloritic and sericitic 
schists, locally rich in magnetite or martite. Foliation planes are 
commonly crinkled and lineated. Secondary carbonate minerals, 
probably calcite or dolomite, and quartz are distributed through the 
rock and in places carbonate minerals form seams parallel to foliation. 
The rock is probably altered volcanic material, mainly of basic 
composition. 

AGE RELATIONS 

The magnetic crest representing the green schist is bordered on the 
east and west by Randville dolomite. The dolomite on both sides of 
the magnetic crest is flanked by the Hemlock formation. Drilling 
in the N~~ sec. 10, T. 43 N., R. 31 W., shows Randville dolomite 

5 James, H. L., Lamey, C. A., Clark, L. D., and others; U. S. Geol. Survey report on Central Dickinson 
County, Mich. (in preparation). 

6 Pettijohn, :F. J., 1951, Geology and magnetic anomalies ofT. 42 N., R. 30 W., Dickinson County, Mich., 
U. S. Geol. Survey, open file report, pl. 1. 

7 James, Lamey, Clark, and others, op. cit. 
s Bayley, R. W., 1956, Preliminary report of geology of Lake Mary quadrangle, Iron County, Mich., 

U.S. Geol. sur,ey, open file report. 

371023-56--3 
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flanked to the east and west by the Hemlock. The indicated structure 
along the green schist-magnetic line is a northwestward-plunging 
anticline in which the green schist underlies the Ranclville dolomite. 

The southeastward extension of the green schist in west-central 
Dickinson County is probably correlative with a Lower Precambrian 
metavoleanic and 1netasedin1entary sequence named the Dickinson 
group. 9 The rocks of the Dickinson group rest unconformably on 
granite gneiss, but in turn were cut by batholithie granite prior to 
Middle Precambrian tin1e. Inasmuch as the relationships between 
the Margeson Creek gneiss, the pre-Dickinson gneiss, and the post­
Dickinson granite are not known, the age relations of the Margeson 
Creek rocks and the magnetic green schist are unknown. 

MIDDLE PRECAMBRIAN ROCKS 

RANDVILLE DOLOMITE 

The Randville dolon1ite was first named for exposures near Rand­
ville, in west-central Diekinson County, Mieh. (Van Rise, 1899, 
p. 9-16). In the Kiernan area the Randville consists mainly of pure 
to slightly quartzose dolomite. In addition, however, the formation 
contains dolomitic quartzite, feldspathic quartzite, dolomitic arkose, 
arkose, sericite slate and schist, slaty graywacke, and a reddish quart­
zitic breccialike roek that is probably silicified dolomite. In two 
places a probable intrusive trachytic rock has been found in the belt 
of dolomite and is interlayered with dolomite in at least one of the 
two localities. The minor members and variations of the formation 
generally have been found in isolated irregularly distributed outcrops 
and have not been delineated as units on the map. 

The Randville dolomite occupies two mnin belts. The largest and 
best exposed belt extends around the southern part of the Amasa oval 
to as far south as the SE7~ sec. 4, T. 43 N., R. 31 W. On the east side 
of the oval the n1inimum thickness of the formation across this belt 
is about 1,800 feet. The breccialike rock, believed to be silicified 
dolomite, is exposed in the NWX sec. 34, T. 44 N., R. 31 W., and is 
probably brought to the surface on a sn1all anticline. 

The other Inain belt flanks the southeastern green schist uplift and 
is known only from a few exposures of arkose in sec. 10 and from 
dolomite and arkose drilled in sec. 10 and south of the quadrangle. 
Although this belt is not thought to be as wide as the n1ain belt to 
the north, there is insufficient evidence to provide an aecurate esti­
mate of thickness. 

9 James, Lamey, Clark, and others, op. rit. 
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DOLOMITE 

Good exposures of dolomite are found in the N~~ and SE~~ sec. 32 
(fig. 8), theW~~ sec. 33, T. 44 N., R. 31 W., and the NW~~ and SE~~ 
sec. 4, T. 43 N., R. 31 W. Outcrops of dolomite on the flanks of the 
oval are relatively scarce and widely scattered, especially on the west 
side. 

1vfost of the Randville in the area is a relatively pure buff to pink 
dolomite. It forms knobby outcrops, typically with weathered 
eracks that give the rock a blocklike aspect (fig. 8). In places the 
rock has thin silty layers. 

FIGURE 8.-Fold in Randville dolomite. Bedding marked by thin silty layers. Note slightly fanning 
cleavage. Pencil at lower right gives scale. Loc. 3,800 feet north and 4,700 feet west of southeast corner, 
sec. 32, T . 44 N., R. 31 "\V. 

The Randville consists mainly of abundant dolomite, with subor­
dinate or minor amounts of clastic quartz (table 5). Oolites, some 
with mosaics of quartz near their centers, have been found in the 
NE~~NE% sec. 32, T. 44 N., R. 31 W. (fig. 9). 

Locally quartzose layers of dolomite contain as much as 50 percent 
clastic quartz. Clastic quartz stands out strikingly on weathered 
surfaces. 



T.~BLJ<J 5. -Petrographic data for the Randville dolomite and the Goodrich quartzite 

[Some minerals fall in more than one of the three percentage columns. Mineral name is in parentheses if that mineral belongs in indicated column in only few specimens] 

Hock Dominant minerals Subordinate minerals 
> 20 percent 5-20 percent 

Dolomite __ ---------- __ [ [)olomitc __________ ----- -1 Quartz ·------~----

Feldspathic quartzite -- ! Quartz __ _ Feldspar- mainly mi­
croclinc and pcrthitc. 

--
Predominant grain 
sizes of dominant 

Minor minerals minerals, 
< 5 percent F-<0.1 mm, 

M-0.1 to 2.0 mm , 
C-> 2.0mm 

Randville dolomite 

(Quartz), feldspar, sericite, I F and 
hematite, magnetite . 

Dolomite, sericite, chlorite, I M and 
iron oxides. 

Re:narks 

__ 
1 

Recrystallized mosaic texture. Some 
scattered lenses rich in clastic quartz. 
Hematite in dusty films along bedding 
surfaces in some places. 

Quartz and feldspar fragments, and mosaics 
of recrystallized quartz (1-4 mm) in 
matrix of fine- to medium-grained quartz, 
sericite, chlorite, dolomite, and iron 
oxides. Sericite-coated shears. 

Dolomitic quartzite . ---1 Quartz ·--- ----------- -- -1 [)olomite ____________ __ __ l Feldspar, sericite, iron oxides_ I M and Glassy clastic quartz in matrix of dolomite 
and minor minerals. 

Arkose __________ ___ ____ [ Quartz ___ _____________ - -1 Feldspar- mainly mi- I Hematite __ _ Mand --I Matrix is fine to medium grained and 
strongly sheared. Sericite of matrix well 
aline d . 

Dolomitic arkose _____ __ [ Quartz, feldspar-
mainly microcline and 
perthite, some albite . 

croclinc and perthite, 
Sericite. 

(F eldspar), dolomite ___ _ 

Sericite slate and schist_[ Quartz, sericite ___ ____ --1-- _- _- ____ - -- ____ - ---- ----

Sericite, 6h'\o)"Ue, epidote, 
iron oxides. ;;1, 

~~.'1~~-·ew:'k, 

Martite, biotite, chlorite, 
carbonate. 

F and More or less elongate fragments of quartz 
and feldspar set in sheared, strongly 
alined matrix of quartz, sericite, dolo­
mite, and hematite. 

Most grains less than 0.02 mm. Martite 
easily seen with naked eye. 

Slaty graywacke_ - -----~· Q~;:;t;~hl;-rlt;-~~~~~. -------------- - -----------18-;k;ite, leueoxen;:-- iron ~~~~~=-~----- --~ Good alinement of platy minerals. Pyrite 
oxides, pyrite. partly altered to limonite. 

Silicified dolomite ('?) __ I Quart;=~~~~~~~~~~ =~~--~~-~~~~r Hematite ____ --------- ------{F~nd M~~~~=~~ 
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Goodrich quartzite 

Ferruginous ch e rty Quartz, chert, magnc- H ematite (quartz), Sericite, chlorite, (hematite) ___ F and M __ _________ _ 
variety . tite. (magnetite), (sericite) . 

------------
Chert-rich variety _____ Chert. _____ _____________ -------------------------- Quartz, hematite , magnetite_ F ___________________ _ 

Chert-poor variety _____ Quartz __________________ (Magnetite) , 
tite) , (chert) . 

(bema- Magnetite, hematite, chert_ ___ M ____ ___________ __ __ . 

Clastic quartz in sheared matrix of recrys-
tallized chert, hematite, and magnetite. 
Some specimens have clastic grains of 
recrystallized chert. 

Little or no sheared material. Chert 
entirely recrystallized. Minor quartz is 
in clastic grains . 

Dominant quartz is in clastic grains. 
Only small amount of matrix material, 
mainly recrystallized chert somewhat 
darkened by iron oxides. ~ 
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FIGURE 9.-Photomicrograph of oolitic Rand ville dolomite from 4,800 feet north and 1,000 feet west of the 
southeast comer, sec. 32, T. 44 N., R. 31 W. Mosaic-textured quartz, probably recrystallized, at centers 
or near rims of oolites. Plane light. (d) dolomite, (q) quartz. 

FELDSPATHIC AND DOLOMITIC QUARTZITES 

Thin feldspathic and dolomitic quartzite members of the Randville 
crop out in the NWX and theSE}~ sec. 4, T. 43 N., R. 31 W., and near 
the southeast cor. sec. 32, T. 44 N., R. 31 W. The feldspathic quartz­
ite is generally pale pink or mottled pink and gray. Typically, it 
consists mainly of quartz with subordinate amounts of feldspar and 
minor amounts of other constituents. (See table 5.) The dolomitic 
quartzite is a reddish rock in which clear glassy quartz grains are 
surrounded by a matrix of red dolomite. Feldspathic and dolomitic 
quartzites grade into varieties containing about equal amounts of 
feldspar and dolomite. 

ARKOSE 

Arkose and dolomitic arkose are exposed in the south-central part 
of sec. 10 and in the SE7~ sec. 4, T. 43 N., R. 31 W. Arkose has been 
found by drilling in the central part of sec. 10, and about a mile south 
of the quadrangle in the NW}~ sec. 23, T. 43 N., R. 31 W. 

The arkose is a pink, granitic-looking rock containing fragments of 
quartz and feldspar in a matrix mainly of quartz and sericite (table 
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5). The dolomitic arkose is generally similar to the arkose except for 
its 10 to 15 percent dolomite and its grayish-green and red-mottled 
appearance. 

The stratigraphic position of the arkose within the Randville is 
unknown. Drilling south of the quadrangle in sees. 23 and 26, T. 
43 N., R. 31 W., shows arkose interbedded with dolomite, so possibly 
arkose occurs at more than one horizon in the formation. 

SERICITE AND CHLORITE SLATES AND SCHISTS 

The sericite slate and schist phases of the Randville are found in 
two relatively important localities, one on the east side of the oval 
near the center of sec. 16, T. 44 N., R. 31 W., and the other in sec. 
32, T. 44 N., R. 31 W., westward from the central part of the section. 
Thin layers of sericite and chlorite slates and schists also occur in the 
NE}~ sec. 32, in drill holes and test pits in the S% and the NWX of 
sec. 33, T. 44 N., R. 31 W., and in the NE}~ sec. 4, T. 43 N., R. 31 W. 

The gray quartz-sericite schist and slate along the Fence River in 
sec. 16 contains about equal amounts of quartz and sericite and small 
amounts of martite, biotite, and chlorite. (See table 5.) The martite 
is concentrated in thin scattered zones. Biotite occurs mainly adja­
cent to martite-; especially in 11shear shadows." The slate is generally 
somewhat phyllitic. 

The quartz-sericite slate found westward from the center of sec. 32 
is gray to black and commonly has crenulated layers alternately rich 
in quartz and sericite. Many of the quartzose layers are pod shaped 
or otherwise variable in length and thickness. 

Other slates and schists in the Randville are dark to light gray 
green to buf[ They have highly varying amounts of sericite, chlorite, 
quartz, and dolomite. 

The quartz-sericite schist and slate exposed along the Fence River 
is at the base of the Randville (pl. 1). They were placed in the 
Sturgeon quartzite by Clements and Smyth, (1899b, p. 430-431). 
They differ from typical Sturgeon quartzite, however, and are similar 
to quartz-sericite rocks elsewhere in the Randville. The thickness 
ranges from 50 to possibly 400 feet. 

The sericite slate west of the center of sec. 32 is in at least one 
narrow east-west synclinal trough in an area otherwise underlain by 
dolomite. The slate is therefore either an upper member of the dol­
omite or a distinct unit above the dolomite. (See p. 75-76.) Smyth 
correlated this rock with the "Mansfield slate" at Mansfield on the 
Nlichigamme River south of the quadrangle and considered it a sedi­
mentary facies essentially equivalent to the entire volcanic unit of the 
Hemlock. When Van Rise and Leith (1911, p. 295- 296) made the 
"Mansfield slate" at 11ansfield a local unit in the upper part of the 
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Hemlock formation, they evidently realized that it could not be cor­
relative with the slate in sec. 32, which lies just above dolomite and 
occupies a position inferior to the Hemlock formation. 

SLATY GRAYWACKE 

A layer of graywacke, about 10 feet thick, is interbedded with 
dolomite in the east central part of sec. 32, T. 44 N., R. 31 W. The 
rock is dark greenish gray, coarsely foliated, and consists mainly of 
clastic quartz, and chlorite (table 5). 

SILICIFIED DOLOMITE(?) 

An unusual siliceous rock, unlike any of the others in the quadrangle, 
is exposed in two places in the NWX sec. 34, T. 44 N., R. 31 W. 
Similar rock has been drilled near the north end of the hill in the SWX 
sec. 27. This rock, because of its resemblance to silicified and prob­
able silicified dolomite in other parts of northern Michigan, is corre­
lated tentatively with the Randville dolomite. 

In outcrop the rock is reddish to yellow brown, with numerous 
irregular and tabular fragments of white chertlike material in a 
granular, ferruginous quartzitic-looking matrix. Small vugs coated 
with earthy iron oxides are common. The rock is massive with no 
apparent structure other than faintly alined but discontinuous 
breccialike zones. It bears a striking resemblance to parts of the 
silicified Randville dolomite 1 mile north of Norway, in eastern 
Dickinson County, Mich. Leith (1925) related the silicified dolomite 
near Norway to silicification along a Precambrian erosion surface. 
The rock in sec. 34 is also similar to exposures that are probably 
silicified dolomite at Sheridan Hill, 5 miles southwest of Iron River 
in south-central Iron County, Mich.10 (Allen, 1910, p. 40). In thin 
section it has medium-grained quartz mosaics surrounding widely 
scattered fragments or patches of fine-grained quartz or recrystallized 
chert with disseminated hematite. Possibly pseudomorphous re­
placement of recrystallized dolomite by silica produced the present 
quartz mosaics. 

AGE RELATIONS 

The dolomite formation of the Kiernan area was first correlated 
with Randville dolomite of the Felch district of Dickinson County 
by Clements and Smyth (1899a, p. 10-11). The correlation was 
based on similarities of lithology, thickness, and stratigraphic position. 
The dolomite dips outward from the core of the Amasa oval and is 
separated from the underlying gneissic and granitic rocks of the 

10 James, H. L., Dutton, C. E., and Pettijohn, F . J., U. S. (leo!. Survey :professional paper on tbe Iron 
River district, Micb. (in :preparation). 
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Margeson Creek gneiss by a major structural unconformity (pl. 1, 
Structure section A - A'). 

In Dickinson County, Sturgeon quartzite quite commonly lies 
between Randville dolomite and the older granitic rocks, whereas in 
the Kiernan area there is no equivalent quartzite in the section. Its 
absence is noteworthy because in the Pine Creek area of south-central 
Dickinson County, 30 miles southeast of the quadrangle, it has a 
thickness of as much as 2,000 feet. However, quartzite is not absent 
from the section only in the Kiernan area. In the Turner area 
(NE?~SE% sec. 15, T. 43 N., R. 29 W.), about 12 miles east of the 
quadrangle, for example, dolomite is exposed directly overlying older 
granite gneiss. Quartzite may be absent either because of nondeposi­
tion of the Sturgeon or because of the equivalence of the Randville 
with both the Sturgeon and the Randville elsewhere. The Randville 
is the oldest Middle Precambrian form:ation of the Kiernan area. 

GOODRICH QUARTZITE 

The Goodrich quartzite was named by Van Rise and Bayley (1895, 
p. 591) for exposures of quartzite at the Goodrich mine in the Mar­
quette Range. Most of the Goodrich quartzite exposed in the Kiernan 
quadrangle is a magnetic cherty 11 quartzite with much clastic quartz. 
Other varieties of the Goodrich (1) may consist largely of recrystal­
lized chert, (2) may be poor in iron, or (3) may have little chert. 
Outcrops of the Goodrich are found only on Michigamme Mountain 
and at two places in sec. 4, T. 43 N., R. 31 W. Reddish siliceous rock 
on the east side of the road, 1,450 feet north of the southwest corner 
of sec. 3, T. 43 N., R. 31 W., may be Goodrich quartzite. The 
identification of the rock is uncertain, and its location cannot be 
readily explained. Possibly a small unrecognized fault or a limited 
reversal in the southeastward plunge of the major structural axis 
accounts for the outcrop. 

Fragments lithologically similar to parts of the Negaunee iron­
formation of the Marquette and Republic areas (Van Rise and 
Bayley, 1897, p. 328- 407) are found in the Goodrich quartzite in 
several places on the north side of Michigamme Mountain. The 
material similar to the Negaunee is very scanty. It is best seen 1,500 
feet west and 100 feet north of the southeast corner of sec. 33, T. 44 N., 
R. 31 W., where several platy fragments of jaspilite and oolitic iron­
formation occur in ferruginous Goodrich quartzite. The fragments 
are about 2 to 10 inches long and %to 1 inch thick. There are pebble 
size and smaller fragments of material similar to the Negaunee in a 
thin conglomeratic zone about at the contact between Goodrich 
quartzite and metarhyolite, 1, 700 feet west and 300 feet north of t.he 

11 The so-called chert of these rocks has all been recrystallized to fine-grained quartz . 
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southeast corner of sec. 33, T. 44 N., R. 31 W. These fragments con­
sist mainly of tan chert and steel-gray hematitic rock. Some thin 
sections of the quartzite (fig. 1 O) contain clastic grains of recrystallized 

FIGURE 10.- Photomicrograpts of ferruginous cherty Goodrich quartzite. Clastic chert grains and cherty 
parts of matrix darkened bv dusty hematite. Clastic chert possibly derhed from Negaunee iron-forma­
tion. Magnetite protrudes into clastic quartz grains. Loc. 5,050 feet north and 800 feet west of the south­
east corner, sec. 4, T. 43 N ., R. 31 W. (A) Plane light. (q) clastic quartz, (cch ) clastic chert, (mt) mag­
netite. (B) Same as (A; with crossed nicols. Differences between clastic quartz and clastic chert clearly 
discernible. 
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chert that may have been derived from chert of the Negaunee iron­
formation. 

The Goodrich quartzite has been placed northward from the moun­
tain on the basis of magnetic data (pl. 2). Nonmagnetic iron-rich 
rocks on test-pit dumps in the NW;~ sec. 34, T. 44 N., R. 31 W., are 
probably Goodrich quartzite. The position of the Goodrich has also 
been extended by magnetic data southward from the mountain about 
one-half mile and thence by magnetic and drilling data northeastward 
on an anticlinal structure into the NW;~ sec. 3, T. 43 N., R. 31 W. 
The anticline is rather poorly defined by magnetic data because much 
of the quartzite there is nonmagnetic, as revealed by drilling. Struc­
tures in the vicinity of Michigamme Mountain are shown in cross 
sections on plate 3, constructed from data presented in plate 2 and 
from logs of the Ford and Longyear drilling in sec. 3. 

The magnetic data suggest that the Goodrich quartzite is distributed 
in irregular pods rather than as a continuous layer. The apparent 
podlike distribution could be the result of original variations in thick­
ness of the Goodrich, irregular development of magnetic phases of the 
quartzite , or erosion of the formation from most of the area. 

The maximum thickness of the Goodrich near Michigamme Moun­
tain probably is not more than 500 feet. 

DESCRIPTION 

Ferruginous cherty quartzite occurs in most of the outcrops and 
test pits on Michigamme Mountain. Much of the quartzitic rock 
drilled east of the mountain in sec. 3 is also of this general type. 

The rock is dense and commonly deep red. It contains clastic 
quartz in a matrix of abundant recrystallized chert with subordinate 
or minor amounts of other minerals. (See table 5.) The matrix is 
generally shear~<,! . .. Some of the ferruginous quartzite drilled in sec. 3 
is strongly o~{dized and hematitic and contains virtually no magne­
tite. Fine particles and irregular aggregates of hematite are distrib­
uted rather evenly through the matrix of the Goodrich quartzite, 
although there is some tendency for hematite to concentrate along 
small, closely spaced shear surfaces. In some of the Goodrich, 
clusters of magnetite are elongated parallel to elongated quartz grains 
and shear surfaces in the matrix (fig. 11). Magnetite lies astride 
shear planes without any noticeable deflection of the shears (fig. 12). 
In many places magnetite has grown partly around or into clastic 
quartz grains (fig. lOA). In a few places it is concentrated along 
small undeformed quartz veinlets transecting the quartzite. The 
magnetite in its present development is therefore late deformational 
or postdeformational in age. Although it may have formed originally 
from the reduction of hematite during diagenesis, evidently it was 
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mobilized later during or after deformation. Evidently some recrys­
tallization of quartz or chert occurred after the formation of much of 
the magnetite. Blades of quartz have grown out perpendicularly 
from the faces of many magnetite crystals, generally parallel to the 
traces of shears in the matrix. 

FIGU RE 11.- Photomicrograph of ferruginous cherty Goodrich quartzite. Clastic quartz in sheared matrix 
of sericite, magnetite, hematite, and recrystallized chert. Considerable concentration of magnetite and 
hematite in "shear shadows" of clastic quartz . Loc. 200 feet north and 2,1.50 feet west of the southeast 
corner, sec. 33, 1'. 44 ~., R. 31 W . Plane light. (q) clastic quartz, (ch) chert, (rntl magnetite, (he) hema­
tite . 

Quartzite consisting mainly of recrystallized chert with a little 
clastic quartz and hematite is found on the high bare knob on the 
west side of the mountain in the northern part of sec. 4, T. 43 N. , 
R. 31 vV., and in several smaller outcrops extending southeastward 
from the knob for a few hundred feet. The rock forms massive 
outcrops. It is not banded or layered in the manner of the chert-rich 
iron-formation of the Negaunee type. 

A small part of the exposed Goodrich of the area consists of cherty 
quartzite with only a few percent of iron oxides, and ferruginous to 
nonferruginous quartzites with very little chert. 
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FIGU RE 12.- Photomicrograph of ferruginous cherty Goodrich quartzite. Closely paekedJ:lastic quartz in 
cherty hematite matrix. Magnetite recrystallized following deformation, growing astride shear planes 
and clastic quartz. Loc. 300 feet north and 1,700 feet west of the southeast corner, sec. 33, T. 44 N., R. 31 
W. Plane light. (q) clastic quartz, (mt) magnetite, (che) mixture of chert, hematite, and sericite. 

AGE RELATIONS 

The magnetic quartzite at Michigamme :Mountain was formerly 
thought to be Negaunee ("Groveland") iron-formation of "Middle 
Huronian" age. In the present report it is correlated with Goodrich 
quartzite, which unconformably overlies theN egaunee in the Republic 
trough. The principal reasons for this correlation are that (1) the 
rock at Michigamme Mountain is lithologically similar to parts of 
the Goodrich and bears no lithologic resemblance to typical Negaunee, 
(2) the quartzite at the mountain contains fragments and clastic 
grains of material similar to the Negaunee, and (3) the quartzite 
appears to occupy a stratigraphic position between underlying 
Rand ville dolomite or underlying Negaunee iron-formation (remnants 
in the quartzite), and an overlying series of volcanic rocks. In its 
stratigraphic relationships, the quartzite is analogous to the Goodrich 
in the western part of the Marquette Range. 
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Smyth's original correlation of the magnetic quartzite at 1vfichi­
gamrnc J\1oml.tain with the N egauneo iron-format.ion was based on 
eorrelating the magnet.ic iron-formation at the Sholcleis exploration on 
the east side of the Amasa oval botlt with the rock at the mountain 
and with the Negaunee of the Republic trough (Clements and Smyth, 
1899b, p. 453- 456). The iron-formation at the Sholdeis exploration 
was traced magnetically as far south in the Kiernan quadrangle as 
sec. 27 , rr. 44 N., R. 31 \¥., and projected from there about a mile 
southwestward to Michigamme Mountain. However, the relation­
ships between the iron-rich rocks and the Hemlock formation were 
not recognized. The Hemlock underlies the iron-formation at the 
Sholdeis exploration, but it overlies the magnetic quartzite at Michi­
gamme Niountain. (See figure 13; also, the section below on the age 

EXPLANATION 
p£m - Michigamme slate 
p£fr - Fence River formation 
p£hb- Hemlock formation 

Basic volciJniC rocks 

p£ha-Hemlock formation 
Acid volcanic rocks 

p£g - Goodrich quartzite 
p£r - Randville dolomite 
p£ -Lower Precambrian 

rocks undifferentiated 

p£ 

FIGU RE 13.- Block diagram showing stratigraphic and structural relations in vicinity and northeast of 
Michigamme Mountain. 

relations of the Hemlock formation.) The iron-rich rocks at the 
Sholdeis exploration and at Michigamme Mountain therefore cannot 
be correlative. The present correlation of the bulk of the magnetic 
quartzite at the mountain with "Upper Huronian" Goodrich quartzite 
invalidates the correlation of the younger iron-rich rock on the east 
side of the oval with the "Middle Huronian" Negaunee. 
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HEMLOCK FORMATION 

GENERAL FEATURES 

The Hmnlock formation was named from extensive exposures along 
the Hen1lock River on the west side of the oval, northwest of the 
Kiernan quadrangle and northeast of the town of Amasa (Clements 
and Sn1yth, 1899a, pt. 3, p. 45-63; Clen1ents and Smyth, 1899b, 
p. 73). Leith, Lund, and Leith (1935) changed the name of the for­
mation to "Hernlock greenstone." This name, however, is too re­
stricted to include all the units of the Hemlock; the name Hernlock 
formation is here reinstated. 

The Hen1lock forn1ation consists mainly of a thick series of altered 
basic volcanic flow rocks, tuffs, and agglomerates, forming massive 
to schistose and slaty greenstone. Narrow belts of slate are inter­
bedded with the volcanic rock. Graywacke, probably near the base 
of the Hemlock, has been found on the south side of Michigamme 
Mountain. Graywacke interbedded with sericite slate of the Hem­
lock formation was found in drill holes in sec. 3, T. 43 N., R. 31 W. 
In places the basic rocks give way to or are interbedded with altered 
rhyolite tuffs or flows. 

The Hernlock formation occupies a belt that completely surrounds 
the oval. The general dip of the forrnation is outward frmn the core 
of the uplift (pl. 1, section A-A'). On the east flank of the oval the 
Hemlock belt is well defined, but south of the center of sec. 22, T. 
44 N., R. 31 W., it is poorly defined. Between the north shore of 
Michigamme Reservoir in the southern part of sec. 22 and the northern 
part of the hill in the SW~~ see. 27, T. 44 N., R. 31 W., magnetic 
greenstone gives way, in part, to n1etarhyolite. The magnetic profiles 
in plate 4 clearly show the thinning out of the magnetic Hemlock 
between the Sholdeis area and sec. 27, T. 44 N., R. 31 W. The 
writers believe this to be caused mainly by the appearance of meta­
rhyolite in the section. Near Kiernan, a mile south of the mountain, 
the Hemlock formation occupies the saddle between the major uplifts 
to the northwest and to the southeast. The broad belt of Hemlock 
in the southwestern part of the quadrangle trends generally northwest 
along the west flanks of both uplifts, as shown by strikes of foliation 
planes, by the elongation of ellipsoidal structures in the north-central 
part of sec. 18, and by the strikes of bedding in slate in sees. 7 and 
17, T. 43 N., R. 31 W. 

The great change in the thickness of the Hemlock from the west 
to the east side of the oval is one of its striking features. On the 
east side of the oval it forn1s a belt one-half to three-quarters of a mile 
wide. Foliation clips eastward about 65°, and is about conformable 
with dips of bedding in the underlying Randville dolomite to the 
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west, indicating a mini1num thickness of the Hemlock of about 2,300 
feet. Some 6 miles east of the oval, on the east side of the Sagola 
basin, the Hen1lock apparently has disappeared altogether. West of 
the oval and largely outside the Kiernan quadrangle, in a region in­
cluding the type area, the Hemlock belt is up to 10 times broader 
than it is on the east side of the oval. The broader belt on the west 
appears to be truly representative of greatly increased thickness. 
All available evidence of top directions as deduced from ellipsoidal 
structures and the differentiated sill, in the Kiernan and adjoining 
areas 12 indicates a continuous rise in the stratigraphic section to the 
southwest. Further detailed work west of the oval may reveal struc­
tural complications, but for the present the increase in width of the 
Hemlock belt from east to west across the oval is assumed to be due 
largely to an original thickening of the volcanic sequence to the west 
and not substantially to repetition of the section by folding or faulting. 
The centers of eruption during Hemlock time apparently were to the 
west of the Kiernan quadrangle. The abundance of ellipsoidal flows 
in the exposed rocks indicate that the volcanism was at least in part 
submarine. 

Volcanic rocks of the Hemlock formation in the quadrangle are 
crossed by the biotite isograd of regional metan1orphism and probably 
also by the garnet isograd (James, 1955, pl. 1). The metamorphic grade 
increases northeastward across the area (fig. 4). The metamorphisn1 
of the basic volcanic rocks appears to be of the "normal" type de­
scribed by Wiseman (1934) in the Scottish Highlands. 

METABASALT 

Metabasalt is widely distributed in the Hmnlock belt (pl. 1). 
Isolated patches of Hemlock are enclosed in metagabbro of the West 
IGernan sill in several places, particularly in the SE~~ sec. 6, in the 
NE~~ sec. 7, andJin the NE~~ sec. 17, T. 43 N., R. 31 W. Good 
cxan1ples of metabasalt with ellipsoidal structures occur in sec. 18, 
particularly 3,300 feet west and 2,000 feet south of the northeast 
corner of the section. Amygdaloidal rock is found in sees. 17 and 18. 
Some of the schists in sec. 10, T. 44 N., R. 31 W., may have been 
basalt or diabase, but metamorphism has so obliterated original 
textures as to render determination impossible. 

The metabasalt commonly forms knobby outcrops. The rock is 
massive and dense and generally has conspicuous joints. Weathered 
and glacially scoured surfaces are dark gray green to greenish black. 
'rhe fresh rock is commonly dull green. 

12 Bayley, R. W., op. cit. 
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Altered ellipsoidal basalt, described so well in Monograph 36 
(Clements and Smyth, 1899b, p. 112-124), is now considered indica­
tive of submarine extrusion. On weathered surfaces thin seams of 
fine-grained material or narrow grooves mark the original (palagon­
itic?) shells around individual pillows. The pillows in see. 18, T. 43 
N., R. 31 W., are somewhat elongated parallel to the northwest 
strike of the foliation. The more eon vex surfaces of individual pillows 
and the openings of angles between adjacent pillows indicate top 
directions consistently towttrd the southwest. 

Most of the metabasalt appears originally to have had fine- to 
medium-grained subdiabasic texture. Rocks with coarser ophitic 
and diabasic textures have been mapped as basic intrusive rocks. 
Typical textures and mineralogy of the metabasalt are listed in table 
6. In much of the greenstone there is only a suggestion of original 
texture because of the destruction of primary fabric during meta­
morphism. Estimates of original grain size are therefore generally 
difficult or impossible to make. 

The most abundant minerals in the metabasalt are secondary pale­
green hornblende, chlorite, clinozoisite, and plagioclase (table 6). 
Twinned plagioclase, similar to labradorite or calcic andesine in form 
and textural relationships, is almost invariably poor in lime even 
when not of strongly altered appearance. The anorthite content is 
generally about 10 percent but ranges from about 8 to 34 percent. 

Partial chemical analyses of greenstone from the Hemlock formation 
and other Middle Precambrian greenstones, and of metagabbro, from 
the Kiernan and other areas studied by the U. S. Geological Survey 
in this part of northern Michigan (see table 7) show Na:Ca ratios 
for the most part typical of calc-alkaline basic rocks (Turner and 
Verhoogen, 1951, p. 68). The now-predominant sodic plagioclase 
of the Hemlock can not have been primary in normal calc-alkaline 
basic rocks. However, there is no indication, in view of the relatively 
low soda content of the rocks, that the present plagioclase is a result 
of soda metasomatism. The original feldspar must have been calcic 
plagioclase. During essentially isoehemical metamorphism, much of 
the lime of the calcic plagioclase must have gone into minerals of the 
epidote group as the feldspar became richer in soda. 

The common alteration products associated with the albite-oligo­
clase and apparently derived from the original plagioclase are clino­
zoisite with some epidote, quartz, carbonate, sericite, kaolinite, and 
chlorite. Aggregates of clinozoisite may be well defined by the 
original feldspar boundaries or the clinozoisite may form a nearly 
continuous groundmass where the aggregates have merged, 



TABLE 6. -Petrographic data for rocks of the Hemlock formation 

[Some minerals fall in more than one of the three percentage columns. Mineral name is in parentheses if that mineral belongs in indicated column in only few specimens] 

Rock Dominant minerals 
>20 percent 

Subordinate minerals 
5-20 percent 

Metabasalt_ __________ _I Hornblende, clinozoi- I Albite-oligoclase, chlo-
site, (chlorite) (albite- rite, (clinozoisite). 
oligoclase). 

l'viinor minerals 
<5 percent 

Epidote, quartz, biotite, seri­
cite, carbonate, kaolinite, 
apatite, leucoxene, iron 
oxides, pyrite. 

Metatuff and meta-ag­
glomerate (few origi­
nal crystals). 

Chlorite, (quartz) _______ [ Sericite, quartz _________ [ Fe.ldspar, hornblende, kao-

Metatuff (abundance 
of crystals). 

Albite-oligoclase Ans-12, 
hornblende. 

Biotite- hornblende-, I Biotite or hornblende, 
and epidote-bearing (epidote), (quartz) 
schists. 

linite, carbonate, epidote, 
biotite, leucoxene, magne­
tite. 

Chlorite _________________ ) Leucoxene ____ _ 

Epidote, quartz, chlo­
rite, (albite-oligoclase), 
(hornblende or bio­
tite), (carbonate). 

Albite-oligoclase, carbonate, 
(chlorite), leucoxene, mag­
netite, (hornblende or bio­
tite). 

Metarhyolitf' __________ f Quartz, sericite _________ [ (Chlorite), (feldspar- Fcldspar-microcline, albite, 
orthoclase, leucoxene, hem­
atite, magnetite, apatite, 
zircon. 

microcline, albite, or­
thoclase), biotite­
only at one locality. 

Predominant grain 
sizes of dominant 

minerals, 
F-<0.1 mm, 

M-0.1 to 2.0 mm, 
C->2.0mm 

Remarks 

F and M ____________ [ Most of rock probably had original inter-
granular or subdiabasic texture. Horn­
blende in needles, blades, clumps. Some 
chlorite-rich varieties of rock have no 
hornblende. Some chlorite has anoma­
lous blue or lavender interference colors. 
Most of iron oxide is magnetite. 

_,M 

F and M, Porphy­
roblasts M and C. 

Chlorite fine-grained and probably derived 
from glassy base. In addition to sericite, 
the minerals kaolinite, quartz, carbonate, 
and epidote may also be alteration prod­
ucts of feldspar. 

Only one known locality. Rock con­
siderably sheared, with hornblende 
drawn out between feldspar fragments. 

Strong mineral alinement~ in most of rocks. 
Fabric in places is a felt of biotite-quartz 
or hornblende-quartz. Either biotite or 
hornblende may be absent or scarce in 
rocks with a dominant amount of the 
other. Small aggregates of fine granular 
epidote common in groundmass. 

F and M_"----------1 Beta-quartz "eyes" and quartz pods with 
mosaic texture form 1 to 10 percent of 
rock. Matrix generally strongly sheared. 
Little or no feldspar left in most speci­
mens. Quartz-sericite pseudomorphs 
after feldspar commonly merge with 
matrix due to shearing and overgrowths 
of quartz and sericite along boundaries of 
pseudomorphs. Dusty hematite gen­
erally concentrated along shears. 
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coxene. 

Graywacke ____________ ) Chert-clastic frag-
ments, sericite, bio­
tite. 

Chlorite, quartz ________ ) (Chlorite), leucoxene, hem-
atite, ilmenite, magnetite. 

-----------------1 Thin layers with abundant fine-grained 
clinozoisite and tremolitic hornblende in 
one specimen. 

F and M ___________ _j In coarser grained layers, most ot grains are 
angular fragments of recrystallized chert. 
Some chert fragments have disseminated 
iron oxide. Peripheral growth on some 
clastic quartz grains. In places. cut­
and-fill of thin layers on microscopic 
scale. Sorting poor. 
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TABLE 7.-Partial analyses of greenstone and metagabbros from Kiernan quad­
rangle and adjacent areas of northern Michigan, showing weight percentages and 
molecular proportions of CaO, Na20, and K20. 

[Analyses made by rapid methods. Analyst: Joseph M. Dowd, U.S. Geological Survey.J 

Weight Percent 
I 

Molecular proportions 
Sample No. 

CaO Na20 K20 CaO Na20 K20 
----

! ___________________ 8. 4 2.4 0.30 0. 150 0. 039 0. 003 2 ___________________ 8.4 3. 1 . 33 150 . 050 . 0033 3 ___________________ 8. 0 2. 7 . 74 . 143 . 044 . 0074 4 ___________________ 5. 6 3. 9 . 58 . 100 . 063 . 0058 5 ___________________ 8. 9 2. 2 1.2 . 159 . 035 . 013 6 ___________________ 6. 9 2. 8 12 123 . 04fi . 0012 
7 ___________________ 10. 8 2. 2 1.4 193 . 031) . 015 g ___________________ 11. 3 1.9 14 . 202 . 031 . 0014 9 ___________________ 8. 7 3. 0 1.4 155 . 048 . 015 
10 __________________ 7. 3 3. 2 1.0 130 . 052 . 011 11 __________________ 7. 8 2. 6 . 87 . 139 . 042 . 0097 
12 __________________ 5. 4 3. 8 . 42 . 096 . 061 . 0042 
13 __________________ 9. 5 2.3 . 28 . 170 . 037 . 0028 14 __________________ 3. 1 2. 8 1. 1 . 055 . 045 . 012 15 __________________ 9. 4 2. 6 . 83 . 168 . 042 . 0093 16 __________________ 8. 9 2. 6 1.3 . 159 . 042 . 014 
17 __________________ 10. 4 2. 4 . 70 . 186 . 039 . 007 
18 __________________ 5. 1 3.4 . 16 . 091 . 055 . 0016 
19 __________________ 8. 8 2. 7 . 54 157 . 044 . 0054 
20 __________________ 7. 4 . 90 2. 1 132 . 015 . 022 
21 __________________ 4. 2 1.8 2. 3 . 075 . 029 . 024 22 __________________ 8. 7 2. 8 . 41 . 155 . 045 . 0041 23 __________________ 5. 7 2.6 1.0 . 102 . 042 . Oll 

1. Fine-grained schistose greenstone. Kiernan quadrangle, Michigan; 3,200 feet north and 3,600 feet east 
of southwest corner of sec. 9, T. 43 N., R. 31 W. 

2. Metagabbro. Kiernan quadrangle, Michigan; 800 feet north and 2,200 feet east of southwest corner of 
sec. 9, T. 43 N., R. 31 W. 

3. Metagabbro. Kiernan quadrangle, Michigan; 400 feet south and 3,600 feet east of northwest corner of 
sec. 17, T. 43 N., R. 31 W. 

4. Metagabbro. Kiernan quadrangle, Michigan; 200 feet north and 4,600 feet south of southwest corner 
of sec. 31, T. 44 N., R. 31 w. 

5. Greenstone dike or flow. Kiernan quadrangle, Michigan; 1,050 feet south and 3,900 feet east of north­
west corner of sec. 18, T. 43 N., R. 31 W. 

6. Schistose greenstone. Kiernan quadrangle, Michigan; 1,550 feet north and 2,450 feet east of southwr~t 
corner of sec. 10, T. 44 N., R. 31 W. , 

7. Greenstone. Quarry north of Crystal Falls, Mich.; NE),4NE),4 sec. 20, T. 43 N., R. 32 W. 
8. Diabasic greenstone. Iron County, Mich.; NWHNE),:i sec. 13, T. 43 N., R. 35 W. 
9. Dense massive greenstone. Paint River traverse; NW),4 sec. 11, T. 43 N., R. 33 W. 

10. Massive amygdaloidal greenstone. North side of railroad track in center of sec. 23, T. 42 N., R. 34 W. 
11. Diabase. Fortune Lakes area; Bristol location, Iron County, Mich.; SW),4SW74 sec. 24, T. 43 N., R. 

33W. 
12. Greenstone. Outcrop in the NW%SE% sec. 17, T. 42 N., R. 35 W. 
13. Greenstone (from pillow flow). Pentoga area, Iron County, Mich.; sec. 29, T. 42 N., R. 33 W. 
14. Fine-grained greenstone. Outcrops in the NEHSWH sec. 17, T. 43 N., R. 35 W. 
15. Medium-grained greenstone. Outcrops in the NWHSE),4 sec. 17, T. 43 N., R. 35 W. 
16. Porphyritic greenstone. Outcrop at old U. S. Highway 2, crossing of Chicagoan Creek, Iron County, 

Mich.; SE%NW% sec. 25, T. 43 N., R. 34 W. 
17. Porphyritic greenstone. Outcrop in the SW),4SWH sec. 20, T. 43 N., R. 33 W. 
18. Greenstone. Sheridan Hill, Iron County, Mich.; outcrop at east quarter corner, sec. 20, T. 42 N., R. 

35W. 
19. Agglomeratic greenstone. Outcrop in the NWHSE% sec. 21, T. 42 N., R. 35 W. 
20. Greenstone (from pillow). Chicagoan Creek area, Iron County, Mich.; sec. 8, T. 43 N., R. 33 W. (col­

lected by J. Bokman). 
21. Amygdaloidal greenstone. West end of Calumet district, Michigan; 4,050 feet north and 130 feet east 

of the southwest corner, sec. 32, T. 41 N., R. 30 W. 
22. Altered gabbro porphyry. West end of Calumet district, Michigan; 1,400 feet north and 2,700 feet east 

of the southwest corner, sec. 32, T. 41 N., R. 30 W. 
23. Medium-grained greenstone. West end of Calumet district, Michigan; 870 feet north and 5,200 feet 

east of the southwest corner, sec. 32, T. 41 N., R. 30 W. 
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Original pyroxene has been altered to hornblende or chlorite. In 
places biotite and chlorite appear to have formed from hornblende. 
Some chlorite is probably retrograde after biotite. Many grains of 
hornblende and aggregates of chlorite look vaguely pseudomorphous 
after pyroxene, particularly where they have an ophitic relationship 
with plagioclase. The hornblende is mainly pale green or olive green 
and of moderate birefringence. Pleochroism is generally weak. The 
maximum extinction angle (Z/\c) is generally 20°. The mineral is 
probably a low-alumina hornblende and therefore of the type com­
Inon to the greenschist metamorphic facies. 

Greenstones in a few places, including a possible meta-andesite, 
1,100 feet north and 100 feet west of the southeast corner of sec. 6: 
T. 43 N., R. 31 W., have well-alined hornblende laths and microlitic 
plagioclases set in an original glassy base. Amygdaloidal metabasalts 
are found in the NE?~NWX sec. 17 and in the north-central part of 
sec. 18, T. 43 N., R. 31 W. An interesting amygdaloidal metabasalt 
(fig. 14) located near the middle of the north border of sec. 18 is an 
altered glass. The rock shows no evidence of deformation. 

FIGQRE 14.-Photomicrograph ofamygdaloidal flow rock from Hemlock formation, 100 feet south and 2,500 
feet west of the northeast corner, sec. 18, 'r. 43 N., R. 31 W. Amygdules and perlitic cracks undeformed. 
Original glassy groundmass devitrified to fine-grained aggregate of epidote, iron oxide, and quartz (?). 
Amygdules consist of quartz with some chlorite and minor shreds of biotite or stilpnomelane near rims. 
Plane light. ( dvg) devitrifi ed glass, (q) quartz, (chl) chlorite, (bi) biotite (or stilpnomelane), (pc) perlitic 
cracks. 
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The parent rocks of these greenstones, as indicated by mineralogy, 
relict textures, and chemical analyses, were mainl.Y basaltic In com­
position. 

METAMORPHOSED BASIC PYROCLASTIC ROCKS 

Altered basic tuff and agglomerate are widespread jn the Hemlock 
formation (pl. 1). Good exposures are found in the SW?~ sec. 5 and 
in the NE% sec. 8, T. 43 N., R. 31 vV. Basic meta-agglomerate is 
exposed in several places on the northeast side of Michigamme 
~~fountain. :\luch of the Hemlock along the east flank of the oval in 
sec. 10, T. 44 N., R. 31 vV., may be highly altered basic and inter­
mediate tuff. 

The basic metatuff and meta-aggl01nerate form schistose and slaty 
greenstones. The weathered surfaces of many outcrops are checked, 
pitted, and broken by a l1ackly fracture. In places the rock contains 
discernible fragments, which suggests that such hacldy greenstones 
are altered pyrorlastic rork. In places, tuffaceous greenstone appears 

FIGURE 15.- Photomicrograph of crystal tuff from Hemlock formation, 2,100 feet north and 1,700 feet west 
of the southeast corner, sec. G, T. 43 ~ .• R. 31 \oV. Fragments of present hornblende and sodic plagioclase 
probably derived from original pyroxene and calcic plagioclase. Small particles within plagioclase arc 
mainly chlorite. Plane light. (pl) plagioclaEe, (hb) hornblende, (chl) chlorite . 
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to grade into flow greenstone. Commonly, however, fragments can 
be seen only in thin sect1on, so that field distinction between pyro­
clastic and flow rock generally cannot be made. Because of this and 
the scarceness of outcrops in parts of the H emlock formation, pyro­
clastic and How rocks are distinguished on the map only by letter 
symbol where identification is certain or probable. 

In the metatuff, relict pseudomorphs of original feldspars are 
generally sparsely distributed in a matrix mainly of chlorite and 
quartz. (See table 6.) :~vlost of these rocks probably had no more 
than 10 percent original crystalline material. About 90 percent of 
one crystal tuff (fig. 15), however, was n1ade up of original crystal 
fragments. The glassy base of most of the poorly crystalline pyro­
elastic rock has altered mainly to chlorite. The original feldspar 
fragments now generally form poorly defined aggregates consisting 
largely of sericite. Commonly, the platy minerals are well alined, 
and sericite aggregates are elongated. Lensoid quartz mosaics occur 
in some of this rock and may be stretched amygdules. 

A sample collected low on the northeast slope of 1\!Iichigamme 
Nlountain differs somewhat from the typical metatuff in that it con­
tains fragments, probably of an original vitrophyre, in a matrix rich 
in chlorite and epidote. The altered vitrophyre contains pseudo­
morphs of feldspar (now sericite, clinozoisite, carbonate) in a ground­
mass of clinozoisite and epidote. 

BIOTITE-, HORNBLENDE-, AND EPIDOTE-BEARING SCHISTS 

Basic schists of varying composition are found in the belt of the 
Hemlock formation northward from the north shore of Michigamme 
Reservoir in sec. 22, T. 44 N., R. 31 W. Outcrops are especially 
abLlndant in sec. 10. 

In outcrop the basic schists are dark green to gray green. They 
represent meta1norphism of a higher grade than the metabasalts 
and altered pyroclastic rocks to the south and southwest. Primary 
teA.tures are completely or almost completely absent in most places, 
particularly in the more strongly foliated schists. Some of the schists 
are only \Veakly foliated. 1rfany of these have relict volcanic textures 
(intergranular, intersertal, pilotaxitic). 

Biotite, hornblende, epidote, and chlorite, commonly in different 
combinations, are the principal minerals in the basic schists. These 
minerals and combinations are as follows: 

biotite 
biotite-hornblende 
biotite-hornblende-epidote 
biotite-hornblende-chlorite 
biotite-epidote 
biotite-chlorite 
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hornblende 
hornblende-epidote 
hornblende-chlorite 
epidote-chlorite 

Minor or subordinate amounts of quartz also occur in most of the 
basic schists. It has not been possible to delineate the different 
schists in the field. 

The schists are both equigranular and inequigranular. The latter 
varieties are mainly the result of porphyroblastic growth although in 
some the larger crystals are relict feldspar phenocrysts. 11ost of the 
equigranular schists and the groundmass of most ineq uigranular types 
consist of aggregates of fine-grained biotite and quartz, commonly 
with some chlorjte. In several places aggregates of fine-grained blue­
green hornblende and quartz are found. The minerals are generally 
well alined and emphasize the schistosity of the rock. Porphyroblasts 
of biotite or blue-green hornblende are common in the inequigranular 
schists. Biotite porphyroblasts, as much as 1.5 millimeters in size, 
typically are elongated parallel] to schistosity. Porphyroblasts of 
hornblende lie parallel to or across schistosity, indicating either that 
schistosity is palimpsest bedding along which recrystallization occurred 
with no shearing or that porphyroblasts grew under thermal influence 
after the shearing had ended. 

The hornblende is rather strongly pleochroic (blue green to green 
to straw yellow), has maximum extinction (Z I\ c) of 20 to 23°, and in 
porphyroblasts, ranges from a few tenths of a millimeter to 1.25 
centimeters in maximum dimension. This hornblende is the principal 
indicator of the metamorphic grade of the basic schists. 

The association of chlorite both with biotite and blue-green horn­
blende in many of the schists in sec. 10, T. 44 N., R. 31 W., probably 
represents an unstable metammphic assemblage. The chlorite there­
fore probably formed by the retrogressive metamorphism of biotite. 
Just north of the reservoir in sec. 22, T. 44 N., R. 31 W., the intensity 
of metamorphism was lower than in sec. 10. Biotite and chlorite 
there are not associated with hornblende, and the paragenetic rela­
tionships of biotite and chlorite are not known. 

Epidote occurs in the basic schists as granular and mosaic aggre­
gates, as fillings in cracks and vesicles, and as partial replacements of 
original calcic plagioclase phenocrysts. 

Plagioclase, rare in most of the schists, is found mainly as pseudo­
morphs of original plagioclase phenocrysts in a groundmass rich in 
biotite or hornblende. Slightly schistose rocks with some relict 
volcanic texture may also contain pseudomorphs of groundmass 
plagioclase. In such rocks, relict phenocrysts (now oligoclase-about 
An11 ) typically occur in a groundmass containing much criss-crossing 
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or well-alined albite (about An5) , as well as some biotite, chlorite, and 
blue-green hornblende. 

The lime of the epidote evidently was extracted from the original 
calcic plagioclase during the change to the present sodic plagioclase. 
In one specimen original plagioclase phenocrysts have been completely 
replaced by carbonate. Carbonate and epidote appear to be almost 
mutually exclusive in the basic schists. 

Leucoxene and magnetite are present in amounts ranging from a few 
percent or less to about 15 percent, and in places the rock causes strong 
magnetic anomalies. Finely granular and dusty magnetite forms ill­
defined streaky zones parallel to schistosity. Other secondary magne­
tite octahedra or lath-shaped replacements of plagioclase or hornbleude 
are widespread. 

METARHYOLITE 

Outcrops of the metarhyolite m_ember of the Hem.lock formation 
are found along the west side of the hill in the SW7~ sec. 27 and the 
NW7~ sec. 34, T. 44 N., R. 31 W. Outcrops of entirely similar 
metarhyolite are exposed about 1 mile to the southwest, on the north 
slope of Michigam.me 11ountain. Three-quarters of a mile south of 
the mountain, in the SE7~ sec. 4, two small exposures of metarhyolite 
occur within a few feet of Randville dolomite, and several outcrops 
lie within 100 to 200 feet of the Randville. The latter exposures of 
metarhyolite are on the structural nose where the regional strike of 
the Hemlock changes from south to northwest. Farther northwest 
felsite forms two small outcrops in the SWX sec. 5, T. 43 N., R. 31 W., 
and a cluster of outcrops in the SEX sec. 36, T. 44 N., R. 32 W. 
Sericite slate drilled in sec. 3, T. 43 N., R. 31 W., is correlated with 
the acid volcanic rock of the Hemlock. Acid volcanic rocks of the 
Hemlock formation are exposed west of the Kiernan quadrangle in 
sees. 4 and 32, T. 44 N., R. 32 W. , and north of the quadrangle near 
the Sholdeis exploration in sec. 21, T. 45 N., R. 31 W. 13 (Clements 
and Smyth, 1899b, p. 91- 95, 446) . 

The weathered metarhyolite is comrnonly light buff, light gray, or 
pinkish; the fresh rock is generally gray or dark gray. The rock is 
characterized by "eyes" of opalescent blue quartz in a quartz-sericite 
matrix (figs. 16; 17). Some of the felsite in the western part of the 
quadrangle and the sericite slate drilled in sec. 3, T. 43 N., R. 31 W., 
have "eyes" mainly of colorless glassy quartz. 

The metarhyolite on the north slopes of Michigamme Mountain 
and a mile northeast of there was probably a crystal tuff originally 
containing abundant feldspar fragments. The feldspar is completely 
altered to quartz and sericite in many places. The alteration is 

13 Wier , K . L., and Kennedy, B . E ., 1951, Geologic and magnetic data of the Sholdeis-Doane and R\'d 
Rock exploratio:us, Iron County, Mich. : U , S. Geol, Survey, open file report. 



52 GEOLOGY OF KIERNAN QUADRANGLE, MICHIGAN 

FIGURE 16.- Pbotomicrograph of metarhyolite from Hemlock formation, 550 feet north and 1,650 feet west 
of the southeast corner, sec. 33, T. 44 N., R . 31 W. Em bayed quartz "eye" phenocryst has strain shadows. 
Groundmass contains fine-grained quartz and sericite and abundant spherulites, probably of feldspar. 
Crossed nicols. (q) quartz, (ser) sericite, (sp) spherulite. 

FIGURE 17.-Photomicrograph of mctarhyolite from Hemlock formation, 1,900 feet north and 500 feet west 
of the southeast corner, sec. 4, 'I'. 43 N., R. 31 \V. Quartz "eyes" in groundmass of fine-grained quartz 
sericite, feldspar and hematite. Magnetite along margins of elongated quartz "eyes" and along crack in­
dicates that in its present form it is postdeformational. Plane light. (q) quartz, (mt) magnetite. 
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unusual iu that quartz, with lnuch included sericite, appears to bP 
pseudon10rphm1s after feldspar. Furtherlnore, in en.eh pseudon10rph 
the quartz is llot, in lnosa.ics or grandnln.r aggregates but in single 
erystn.ls corresponding to individual feldspars. The qua.rtz of each 
pseudon10rph extinguishes evenly under erossed uicols. Elongated 
sericite-rich patches occur in places and n1ay be stretched feldspar 
pseudon1orphs. The matrix originally was finely erystalline or glassy. 
It has been lnueh sheared and now consists mostly of quartz and 
sericite. Embayed beta-quartz typical of acid voleanic rocks (fig. 16) 
and lenticular quartz :mosaies (fig. 17) eonstitute as mueh as 10 
pereent of the volume of these roeks. The lenticular mosaies may be 
recrystallized quartz fragments or amygdules, or both. 

In some of the 111etarhyolite on the north slope of the mountain, 
partly altered orthoclase, microcline, and albite lie in a matrix of 
sericite, quartz, kaolinite, and a nearly colorless or pale-brown material 
of unknown composition. The albite is mottled or has vague grid 
strueture and evidently is mostly albitized microcline. In some of the 
metarhyolite a possible potash feldspar forms abundant spherulites in 
the matrix (fig. 16). The n1ineral forming the spherulites has a large 
optic angle, is biaxially positive, has low birefringenee, indices of 
refraction close to 1.520, and parallel or nearly parallel extinction. 
South of the mountain in the SE}~ see. 4, T. 43 N., R. 31 W., the 
metarhyolite eontains abundant quartz and some fine-grained feldspar 
(fig. 17). 

During the present investigation ehemical analyses of the acid 
volcanic rock from four localities were obtained. (See table 8.) 
They show that these highly altered rocks are rhyolitic in composition. 
The only departures from the "average" rhyolites of Daly (1933) or 
from the rhyolites of Clarke (1924, p. 439) are in the relatively high 
potash and low soda eontents and in the relatively high percentage 
of water. The analyses are strikingly like some of those listed by 
Washington ( 1917, p. 54-55). 

The aeid volcanic rock in the western part of the quadrangle (sec. 
36, T. 44 N., R. 32 W.; sec. 5, T. 43 N., R. :31 W.) is lnuch fresher, and 
poorer in feldspar, than the rock in the vicinity of Michigamme 
Mountain. It is not definitely known to be rhyolitie, but it is de­
scribed here because of its felsitic appearance. It eonsists mainly of 
quartz and biotite forming a mosaiclike groundmass. Larger crystals 
of albite-oligoclase and mosaic quartz pods are subordinate or minor 
in amount. The roek has only small amounts of sericite. Reasons 
for the difference in intensity of alteration of this roek and the meta­
rhyolite at the mountain are not known. 

The metarhyolite apparently lies in the lower part of the Hemlock 
formation, as it crops out within a few feet of underlying Randville 
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dolomite or Goodrich quartzite in the vicinity of Michigamme Moun­
tain. Drilling in sec. 3 southeast of the mountain reveals sericite 
slate, believed to be equivalent to the metarhyolite, also immediately 
above the dolomite and quartzite. 

TABLE B.-Chemical analyses of metarhyolite and rhyolite 

[Analyst (analyses nos. 1 to 4): Lucille M. Kehl, U.S. Geological Survey] 

2 3 4 

Average of 
Clarke's 8 
rhyolites 

(U.S. G. S. 
Bull. 770) 

-------------------1------·1------ ----------------

8102----------------------- 73. 53 72. 06 75. 86 75. 35 74. 46 
Ab03- _- _---- -------- ___ -- _ 12. 19 12. 04 12. 21 12. 86 13. 43 
Fe203---------------------- 2. 32 1. 27 33 69 99 FeO _______________________ 22 3. 60 26 3. 17 79 
~gO ______________________ . 31 95 12 1. 17 31 CaO _______________________ 21 80 25 26 73 
N a20 _____________ - ________ 23 57 34 13 3. 44 1{20 _______________________ 9. 85 5. 15 9.34 2. 95 3. 99 
H 20 -· _____________________ 05 05 06 06 } 1. 54 H20 + _____________________ 25 1. 71 26 2. 26 
Ti02----------------------- 49 68 67 76 13 
C0

2 
_______________________ 13 83 03 01 ----------

P20~----------------------- 08 17 18 19 04 
~nO ______________________ 01 06 00 01 ----------------------

TotaL _______________ 99. 87 99. 94 99. 91 99. 87 99. 85 

1. Deep pink metarhyolite with lenticles and phenocrysts of opalescent quartz set in groundmass of fine­
grained quartz, feldspar, sericite, and hematite. Lenticles of large quartz crystals or of fine-grained 
quartz in mosaic-textured aggregates. Sericite of groundmass stained by hematite. Quartz lenticles 
and phenocrysts, 5 to 10 percent; groundmass quartz and feldspar, about 75 percent; sericite and hema­
tite, 10 to 20 percent. Minor amounts of magnetite, leucoxene, carbonate. See fig. 17 for photomicro­
graph of rock from this locality. Kiernan quadrangle, from outcrop 1,900 feet north and 500 feet west 
of the southeast corner of sec. 4, T. 43 N., R. 31 W. 

2. Pink to gray metarhyolite with phenocrysts of opalescent quartz. Bulk of rock originally crystals or 
fragments of probable potash feldspar. Original feldspar now largely quartz-sericite pseudomorphs 
grading into aggregates of fine-grained sericite and chlorite in groundmass. Quartz phenocrysts, 1 to 5 
percent; quartz-sericite pseudomorphs of feldspar, about 70 percent; groundmass sericite, about 15 
percent; groundmass chlorite, about 10 percent. Minor amounts of magnetite, leucoxene, and relict 
feldspar. Kiernan quadrangle, from outcrop 200 feet north and 1,600 feet west of southeast corner of 
sec. 33, T. 44 N., R. 31 W. 

3. Pink and gray mottled schistose metarhyolite with phenocrysts of blue opalescent quartz. Much orig­
inal medium-grained feldspar altered to quartz-sericite pseudomorphs. Groundmass largely sericite 
and spherulites of probable feldspar. Quartz phenocrysts, 5 percent; quartz-sericite pseudomorphs of 
original feldspar, about 30 percent, relicts of alkali feldspar, 5 to 10 percent; groundmass sericite, 5 to 10 
percent; spherulites, about 50 percent. Minor leucoxene. See fig. 16 for photomicrograph of rock 
from this locality. Kiernan quadrangle, from outcrop 550 feet north and 1,650 feet west of southeast 
corner of sec. 33, T. 44 N., R. 31 W. 

4. Gray metarhyolite with phenocrysts of blue opalescent quartz. Original medium-grained feldspar 
crystals or fragments formed large part of rock. Feldspar now entirely altered to quartz-sericite pseudo­
morphs of original feldspar. Groundmass of fine-grained sericite, chlorite, biotite, and cherty quartz. 
Quartz phenocrysts, about 2 percent; quartz-sericite pesudomorphs of original feldspar, 75 to 85 percent; 
groundmass sericite about 10 percent; biotite and chlorite, about 5 percent. Minor leucoxene and 
apatite. Kiernan quadrangle, from outcrop 4,500 feet north and 4,200 feet west of southeast corner of 
sec. 34, T. 44 N., R. 31 W. 

The disappearance of magnetic anomalies in the belt of Hemlock 
formation between sec. 22, T. 44 N., R. 31 W., and sees. 27 and 34 
(pls. 2, 4) may be due in part to the wedging of metarhyolite into the 
stratigraphic section in place of magnetic. greenstone. 
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SLATE 

Slate in narrow belts from a few feet to about 100 feet wide is 
interbedded with greenstone of the Hemlock formation mainly in 
the S~~ sec. 7 and in theN~~ sec. 17, T. 43 N., R. 31 W. The zone of 
slate extends south into the Lake Mary quadrangle. It evidently 
grades southward into the locally iron-rich slate (the "Mansfield 
slate") that was formerly mined for iron at Mansfield on the Michi­
gamme River (Van Rise and Leith, 1911, p. 295). The iron-rich 
part of the slate probably thins northward toward the Kiernan 
quadrangle. Iron-rich rock has been found by Bayley 14 in test pits, 
100 to 200 feet west of the road in the west-central part of sec. 17, 
T. 43 N., R. 31 W., in the adjacent Lake Mary quadrangle, but has 
not been observed within the Kiernan quadrangle. 

The slate is gray to gray green, thinly bedded, and characterized 
by narrow striped marking in outcrop. The well-defined layers 
generally are alternately rich in chlorite, sericite, biotite, and detrital 
or cherty quartz, and range from about X to 1 inch in thickness. 
Layers rich in chlorite, sericite, or biotite typically have small amounts 
of the other two platy minerals, as well as leucoxene. The platy 
minerals are well alined parallel to compositional layering. The rock 
may be tuffaceous in part, with some of the platy minerals and leu­
coxene having been derived by the alteration of volcanic ash. 

GRAYWACKE 

A cherty graywacke is exposed on the south side of Michigamme 
~fountain in the NE~~ sec. 4, T. 43 N., R. 31 W., and graywacke is 
interbedded with sericite-chlorite slate in drill holes in sec. 3, T. 43 N., 
R. 31 W. The rocks appear to lie at or near the base of the Hemlock 
formation. 

The rock forms low-lying outcrops, is dark gray green, and is 
thinly layered. The exposed graywacke consists mainly of fragments 
of recrystallized chert, clastic quartz, and feldspar in a matrix con­
taining sericite, biotite, chlorite, and recrystallized chert. (See 
table 6.) The layering is caused by alterations of clastic chert and 
quartz with platy minerals and recrystallized chert (possibly original 
silica cen1ent). Some of the finer-grained material may be of volcanic 
origin. 

The graywacke drilled in sec. 3 is a fine-grained chlorite-rich rock 
with considerable clastic quartz, which is visible with a hand lens. 

AGE RELATIONS 

The metavolcanic rocks in the southwestern part of the quadrangle 
lie on the west side of the major uplifts of the Amasa oval and the 

a Bayley, R. W., op. cit. 
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Lower Precambrian magnetic green schist. They are correlated 
with the Hemlock formation both because of lithologie similarities 
and because they strike northwestward directly into the type area 
of the Hmnloek northeast of Amasa. 

The metavolcanic rocks in the immediate vicinity of }vfiehigamme 
Mountain are also correlated with the Hemlock formation although 
their correlation is less obvious. Altered volcanic rocks on the north 
side of the mountain can be traced northward along the east side of 
the oval and thence around the north end of the oval into the Hem­
lock forn1ation at the type locality. The tracing of these rocks 
northward from the nwuntain to the SW% see. 27, and from there 
northward across sees. 22, 15, 10, and :3, T. 44 N., R. 31 W. to the 
north edge of the quadrangle., has been done by means of scattered 
outcrops and magnetic data. Fron1 the north edge of the quadrangle, 
this belt of metavolcanic rocks continues northward to the area of the 
Sholdeis and Doane explorations in sees. 21, and16, T. 45 N., R. 31 W. 
The outcrops of metarhyolite in sees. 27 and 34, T. 44 N., R. 31 W., 
are of particular significance in correlating the metavolcanic rocks 
on the north side of Michigan1n1e ~fountain with those of the Sholdeis­
Doane area. The metarhyolite in sees. 27 and 34 lies between the 
Inagnetic anmnaly extending north frmn the n1ountain and the nlag­
netic anomaly extending south fron1 the Sholdeis-Doane area. The 
identical appearance of the n1etarhyolite in sees. 27 and 34 and the 
n1etarhyolite at the n1ountain, and the position of both metarhyolites 
immediately east of the anomaly that extends northward from the 
mountain,I5 show that the Inetarhyolites are correlative. The nletarhy­
olite in sees. 27 and :34, however, is also correlative with metavolcanic 
rocks in the Sholdeis-Doane area because both lie west of the magnetic 
crest that extends southward fron1 the Sholdeis exploration. The 
metavolcanic rocks of the Sholdeis-Doane area, although mainly 
basic, do contain smne quartz-bearing acid volcanic rock.16 Lithologic 
differences between the metarhyolite in sees. 27 and 34 and the 
Inetavolcanie rocks to the north are attributed to a combination of 
lithologic facies change and difference in metamorphic grade. Clements 
and Smyth (1899b, pl. 3) extended the belt of metavolcanic rocks of 
the Sholdeis-Doane area north and west around the oval into the 
Hemlock formation of the type locality. 

}vfetarhyolite south of the mountain in sec. 4, T. 43 N., R. 31 W., 
is correlated with the Hemlock because it strikes northwestward 
toward acid volcanic rock of the Hmnloek formation. Son1e of the 
sericite slat£~ drilled in sec. :3, 'I'. 4:{ N., R. 31 W., is interbedded with 

t6 The metarhyolite at the mountain lies both east and north of the magnetic anomaly, presumably be­
cause of a fold in the Goodrich quartizite at the mountain. 

16 Wier, K. L., and Kennedy, B. E., 1951, Geologic and magnetic data of the Shoeldeis-Doane and Red 
Rock explorations, Iron County, Mich., U.S. Geol. Burvey, open file report. 
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greenstone. Si1nilar sericite slate has been drilled in the eastern part 
of sec. 9 and across see. 10, T. 43 N., R. 31 W. These slates are cor­
related with the Hemlock for1nation because of the greenstone inter­
bedded with slate in sec. 3, and also because the slate has been drilled 
close to greenstone of the Hemlock formation in the northeast qu'"arter 
of sec. 9. 

The equivalence of the metavolcanic rocks north and south of 
Michigamme Mountain is established by the independent correlation 
of each with the Hemlock as outlined above and their similar strati­
graphic position above the Goodrich quartzite. The position of the 
n1etavoleanic rock above the Goodrich is clearly shown north of the 
mountain by the upward sequence, mapped from west to east, of 
Randville dolomite-magnetic rock (Goodrich)-metarhyolite. In 
drill holes, south and east of the mountain, the metavolcanic rocks 
have been found above the Goodrich. 

The Hemlock formation was formerly considered to be of "Middle 
Huronian" age because of its position on the east side of the oval 
between Randville dolomite and an iron-formation previously 
correlated with the "Middle Huronian" Negaunee iron-formation 
(Clements and Smyth, 1899b, p. 453-456; Van Rise and Leith, 1911, 
p. 296-297). In the present report, because the metavolcanic rocks 
near lVfiehigamme Mountain overlie the "Upper Huronian" Goodrich 
quartzite, the Hemlock is considered to be "Upper Huronian"; that 
is, of late Middle Precambrian age. Inasmuch as these metavolcanic 
rocks have been shown to be correlative with the Hemlock formation 
of the type locality, the Hemlock is an "Upper Huronian" formation. 

FENCE RIVER FORMATION 

DISTRIBUTION AND NAME 

A narrow positive magnetic anomaly extends northward from the 
SEX sec. 27, T. 44 N., R. 31 W., to the north edge of the quadrangle 
in sec. 34, T. 45 N., R. 31 W. (pls. 1 and 2). From there, the mag­
netic belt has been traced north to the Sholdeis exploration in the 
SEXNE}~ sec. 21, T. 45 N., R. 31 W., where the only known exposure 
along the belt on the east side of the Amasa oval is found (Clements 
and Smyth, 1899b, p. 447). The magnetic rock exposed at the 
Sholdeis exploration is here named the Fence River formation, after 
the Fence River, which crosses the 1nagnetic belt 1,100 feet south of 
the Sholdeis exploration. 

DESCRIPTION 

In its only known exposure, the Fence River formation is "mostly 
a dark, fine-grained, thin-banded rock consisting chiefly of quartz, 
magnetite, hornblende, and epidote ... " that grades "stratigraphi-
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cally upward into massive garnet and grunerite schist." 17 Test pits 
immediately west of the outcrop and at the Doane exploration in the 
SE}~ see. 16 explore a stratigraphically lower part of the formation, 
which is a magnetite-specularite-quartz rock. At least some of the 
quartz, possibly much of it, is of elastic origin. This quartzitic rock 
is similar in appearance to some of the Goodrich quartzite at Michi­
gamme Mountain. 

The termination of the magnetic anomaly in sec. 27, T. 44 N., R. 
:H W., is believed by the writers to be caused by the removal of the 
Fence River formation south of sec. 27 by erosion prior to the deposi­
tion of the overlying strata. An iron-forn1ation on the west side of 
the oval has been partly truncated by an unconformity near Amasa 
(Allen and Barrett, 1915, p. 26). This iron-formation may be traced 
by means of an almost continuous magnetic line around the northern 
end of the oval into the Fence River formation. The iron-formations 
on both sides of the oval are probably correlative, and the uncon­
formity near Amasa is believed to eross the Fence Rive.r formation in 
sec. 27. 

AGE RELATIONS 

The Fence River forination lies immediately east of and above the 
eastward-dipping Hemlock formation and appears to be structurally 
conformable with it at the Sholdeis exploration. The relationship of 
the Fence River formation to the Hemloek formation, and the de­
crease in the strength of the magnetic anomaly on the Fence River 
formation, southward from the Sholdeis exploration, are shown in 
plate 4. 

Biotite-quartz schist overlies the Fence River formation and is ex­
posed in one place in the E}6 sec. 15, T. 44 N., R. 31 vV. The rock 
is of volcanic origin and is similar to some of the schists of the Hem­
lock west of the iron-formation in sec. 10, T. 44 N., R. 31 W. If the 
schist were considen~d to be part of the Hemlock formation, the 
Fence River formation would be an upper member of the Hemlock 
formation. On the other hand, if the biotite-quartz schist is con­
sidered to be a basal member of the Michigamme slate, the Fence 
River is a distinct formation between the Hemlock and the Michi­
gamme. The latter view is adopted in the present report for reasons 
given below in the section on the Michigamn1e slate. 

The Fence River formation, therefore, overlies the "Upper Huron­
ian" Hemlock formation. It is an "Upper Huronian" formation and 
is not correlative with the "Middle Huronian" Negaunee iron-forma­
tion. 

17 Wier, K. L., and Kennedy, B. E., op. cit., p. 8. 
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MICHIGAMME SLATE 

The name "Michigamme formation" was first used in the 15th An­
nual Report of the U. S. Geological Survey (Van Rise and Bayley, 
1895, p. 598) for outcrops on islands in Lake Michigamme at the west 
end of the Marquette Range. The formation was called Michigamme 
slate by Van Rise and Leith (1911). 

The Michigamme slate is inferred to underlie much of the belt of 
glacial deposits in the eastern third of the quadrangle. Outcrops re­
ported along the Michigamme River in the eastern part of the quad­
rangle may have been of Michigamme slate, but evidently they are 
now flooded by the backwaters of Michigamme Reservoir. 

Descriptions of the formation are given by Van Rise and Bayley 
(1897, ch. 4), Clements and Smyth (1899b, p. 165-174), and Van 
Rise and Leith (1911, p. 267-268; 298-299). The formation is mainly 
a pelitic rock that originally consisted largely of argillaceous and gray­
wackelike materials. It has been metan1orphosed in varying degrees 
to fo.f:tn slates, mica and garnet schists, and in1pure quartzites. In 
places it contains metavolcanic members, particularly at the base of 
the formation in the western part of the Niarquette Range. 

rrhe quartz-biotite schist east of the Fence River formation in the 
E~~ sec. 15, T. 44 N ., R. 31 W. (see fig. 18) is here considered to be a 
member of the Michigamme. It contains widely scattered relict plagi­
oclase laths indicating that the rock is at least partly volcanic in origin. 
Most of the rock consists of fine- to medium-grained quartz and biotite, 
with subordinate amounts of carbonate and leucoxene and traces of 
chlorite. Most of the biotite forn1s small porphyroblasts in the well­
foliated groundmass. The assignment of the schist to the Michigamme 
slate is based on two things: (1) si1nilar metavolcanic rocks are known 
at the base of the Michigamme, 20 miles to the north in the western 
part of the Marquette Range, and (2) the Fence River formation is a 
suitable and convenient marker for separating the Hemlock from the 
Michigamme. The upward sequence of Hemlock formation-Fence 
River formation-Michigamme slate is quite similar to the upward 
sequence of Clarksburg formation-Bijiki iron-formation member­
Michigamme slate in the western part of the Marquette Range. How­
ever, specific correlation of these two sequences cannot be made on 
the basis of available information. 

The Michigamme is in general structural and metamorphic conform­
ity with the underlying Fence River and Hemlock rocks and is therefore 
an upper Middle Precambrian unit. 

37102!--n--i 
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FIGURE 18.-Sketch map showing relationship of marnetic anomaly caused by the Fence Rh er formation 
to outcrops of Hemlock formation and quartz-biotite schist (probable Michigamme slate) in sec. 15, 'f-
44 N., R. 31 W. 

INTRUSIVE ROCKS 

METAMORPHOSED BASIC INTRUSIVE ROCKS 

KIERNAN SILLS 

The bulkof the intrusive rock is metagabbro and metadiabase found 
in two contiguous sills in the Hemlock formation in the southwestern 
part of the quadrangle (pl. 1). These sills are here named the West 
Kiernan sill and the East Kiernan sill. Although Kiernan junction is 
located ~~ to 1 mile from the sills, it is the nearest named geographic 
point of sufficient importance to be used for naming the bodies. The 
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sills follow the southeast to south trend of the Hemlock across the area 
and into the Lake Mary quadrangle to the south. The West Kiernan 
sill is the larger and better defined of the two. It occurs in much of 
sees. 6, 7, 8, 16, and 17, T. 43 N., R. 31 W. The East Kiernan sill lies 
to the northeast in parts of sees. 5, 8, 9, 15, and 16. 

The contacts of the West Kiernan sill with the Hemlock formation 
have not been seen in the area, although in places the upper contact is 
located within a few feet. An inclusion or residual layer of greenstone 
of the Hemlock formation is seen in contact with sill rock at one place, 
in the NE~~NE~~ sec. 17. In places in sees. 5 and 6, the northeastern 
contact is poorly defined owing to intermixing of the intrusion with 
volcanic rock of the Hemlock formation. The upper contact of the 
East Kiernan sill is exposed on a knob in the S~ sec. 9. In general, the 
sills appear to be concordant with beds of the Hemlock formation. 
However, in the SE~~ sec. 7, in the S~~ sec. 8, and in the N~~ sec. 17, the 
West IGernan sill is discordant with slate of the Hemlock formation 
that strikes directly toward the contact from as little as 100 to 200 feet 
away. Probably these discordances are the result of minor faults. 

The mapped width of the West Kiernan sill in the quadrangle ranges 
from about 2,000 to 5,000 feet. The clip is probably between 80° SW 
and vertical, so that the mapped width represents virtually the true 
thickness. The maximum thickness of the East Kiernan sill is about 
3,000 feet. 

The West Kiernan sill consists mainly of metagabbro and metadia­
base, but, in addition the upper (southwestern) part of the sill contains 
relatively small amounts of basic pegmatite (coarse metagabbro and 
metapyroxenite) and granophyre. So far as is known, the East 
Kiernan sill contains only metagabbro and metacliabase. 

Metagabbro and metadiabase.-The altered gabbro and diabase com­
monly form abrupt knobs or ridges. The rocks are deep green to 
greenish black on weathered surfacesand green :.o gray-green on fresh 
breaks. Relict igneous textures as well as mosaic and crystalloblastic 
arrangements of secondary minerals are found in the rocks. (See table 
9.) 

The mineralogy of the nwtagabbro and metadiabase, and of the 
metabasalt of the llemlock formation, is very similar. The dominant 
minerals in the rock before alteration were calcic plagioclase and 
pyroxene. Minor primary minerals were ilmenite, magnetite, and 
apatite. During the late Middle Precambrian metamorphism, the 
dominant minerals were changed mainly to sodic plagioclase, epidote 
or clinozoisite, hornblende, and chlorite. Pyroxene has been seen 
only in a few thin sections of the metagabbro, generally as relicts 
surrounded by hornblende. 
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As in the greenstones of the Hemlock formation, the relatively low 
N a:Ca ratios (see table 7) are interpreted to be indicative of essentially 
isoehernical ehange of original ealeie plagioclase to albite-oligoclase 
during regional metan1orphism. There is no evidence that these 
rocks originally had a high soda eontent or that they are the result 
of an addition of soda to the original material. 

Pegmatitic metagabbro and metapytoxenite.-Very coarse-grained 
dark-green basic rocks oceur in several outerops within the vVest 
Kiernan sill between 200 and 900 feet from the southwestern edge 
of the intrusive body in the NE 7~ see. 17, T. 43 N., R. 31 W. Most of 
the rocks now eonsist of large intergrown hornblende erystals. (See 
table 9.) Sn1all patehy relicts of pyroxene within the hornblende of 
the metapyroxenite prove the deriv-aJion of the hornblende from 
pyroxene. Plagioc1ase fonns about 2 pereent of the only available 
thin section of n1etapyroxenite and about 10 percent of the only 
available thin section of pegmatitic metagabbro. Judging by sjx 
measurements of syn1metrical extinction angles against albite twin­
ning, the plagioelase of the pegmatitjc metagabbro is calcie (A6o). 
These roeks evidently are not as severely metamorphosed as their 
finer grained n1etagabbro counterparts. 

Granophyre.-Outcrops of granophyre occur near the southwest 
edge of the West Kiernan sill, a short distance north of the Nlichi­
gamme River in sec. 7, T. 43 N., R. 31 W. The granophyre is a gray 
to rnottled-gray and pink rock. The dominant n1inerals are alb1te­
ol1goelase, orthoelase, perthite, and quartz. (See table 9.) Graphic 
and rnyrmekitie intergrowths of quartz and feldspar are a charac­
teristic feature. Biotite is aggregated between feldspar crystals 
and along cracks in the feldspar, and therefore is at least partly 
secondary. Some of the darker granophyre has considerable horn­
blende and grades into n1etagabbro in which worn1y intergrowths of 
quartz and feldspar are interstitial to feldspar and hornblende. 

Interpretation.-Granophyric and pegmatitic rocks derived by 
differentiation of gabbroic n1agmas that were intruded as flat-lying 
sills are commonly concentrated in the upper parts of such bodies 
(Walker, 1940; Hotz, 1953). The differentiating mechanism evidently 
is fractional crystallization under the influence of gravity. If sueh 
differentiation occurred in the West Kiernan sill, the granophyre 
must have formed essentially in a flat-lying zone in the upper part 
of the parent body. The present localization of the granophyric 
rocks along the southwest side of the intrusive body indicates that 
the intrusion has been steeply tilted to the southwest and is now 
exposed in cross section. This conclusion is supported by top direc­
tions to the southwest in ellipsoidal structures in nearby· basalts of 
the Hemlock formation. The intrusive body is designated a sill 
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because of its apparent structural conformity with the Hemlock 
formation and because of the evidence that it was originally flat-lying 
and roughly tabular in shape. 

OTHER BASIC INTRUSIVE BODIES 

Afetagabbro and meiadiabase.-Nletagabbro and metadiabase fllso 
occur in small, isolated, ill-defined Inasses grading in places into 
surrounding fine-grained greenstones of the Hemlock formation in 
the SW ~~ sec. 5, in the SE ~~ see. 6, and in the S ~~ sec. 9, T. 43 N., 
R. 31 W. The description of the n1etagabbro and n1etadiabase in 
the IGernan sills, as given above, suffices for similar rock in other 
intrusive bodies in the area. 

11etadiaba.se found on a test-pit dun1p im1nediately northwest of 
Miehigam1ne Mountain is a.ssumecl to represent a dike intruded into 
the Randville dolomite and the Goodrich quartzite. 

Carbonate-rich metagabbro.-Carbonate-rich n1etagabbro is found 
south of the road in the N-W~~NE~~ sec. 4, T. 43 N., R. 31 W., and on a 
hill in the NW~~SWX sec. 32, T. 44 N., R. 31 W. It is probably 
eompletely surrounded by Randville dolomite. 

The rock fonns knobby outcrops like those of the Kiernan sills. 
It is si1nilar to the n1etagabbro with the exeeption that erystals or 
aggregates of fine- to n1ediun1-grained carbonate (probably caleite 
or dolomite) forrn 10 to 15 pereent of the rock. Much of the carbonate 
in the metagabbro may have been derived fron1 the nearby Randville 
at the tjme of intrusion. 

Fi.ne-grained greenstone.-Outcrops of fine-grained greenstone dike 
rock are found along 1nany gullies in the southern part of the Margeson 
Creek gneiss, in the S~~ sec. 17, and in theN~~ sec. 20, T. 44 N., R. 31 
W. Greenstone dikes are also widely scattered in the NE~~ sec. 6, 
in the SW~~ sec. 9, in theN?~ sec. 17, and in the NW~~ sec. 21, T. 44 N., 
R. 31 W. Their loeations are shown on the map by letter symbol. 

The greenstone dikes eom1nonly have slaty structure that is parallel 
to the gullies and, in Inal}y places, at an angle to foliation in adjaeent 
granitic rocks. The greenstone generally beeomes more slaty toward 
the margins of the gullies, and in at least one plaee in the NEXNWX 
sec. 20, the greenstone beeomes finer grained toward the edge of the 
dike. 

The dominant minerals in the greenstone are chlorite or green­
brown biotite, quartz, and carbonate. (See table 9.) Chlorite com­
monly is in aggregates roughly pseudomorphous after original horn­
blende or pyroxene. Otherwise, chlorite and other platy minerals 
have a pronounced alinement parallel to foliation (slaty parting). 
Carbonate evidently was derived by the alteration of original calcic 
plagioclase, and comn1only forms porphyroblasts that lie astride 



TABLE 9. -Petrographic data for intrusive rocks in the Kiernan quardangle 

[Some minerals fall in more than one of the three percentage columns. Mineral name is in parentheses if that mineral belongs in indicated column in only few specimens.] 

Predominant grain 
sizes of dominant 

Rock Dominant minerals Subordinate minerals Minor minerals minerals, Remarks >20 percent 5-20 percent <5 percent F-<O.lmm, 
M-o.l to 2.0mm, 

C->2.0mm 
----------

Metagabbro and meta- Clinozoisite, horn- Albite-oligoclase Ans-15, Sericite, biotite, quartz, epi- M and C, individual Original textures hypidiomorphic granular, 
diabase. blende, (chlorite). chlorite, (hornblende), dote, carbonate, apatite, grains of clinozoi- ophitic, diabasic. Hornblende pale olive 

(carbonate), (leuco- leucoxene, magnetite, py- site are generally green and moderately pleochroic--
xene). rite. F. probably low in alumina. Clinozoisite 

in granular aggregates. Some aggregates 
of sericite, carbonate, and quartz pseu-
domorphous after plagioclase. 

--· 
Carbonate-rich meta- Chlorite _________________ Clinozoisite, carbonate, Quartz, sericite, biotite, Il- M and C ____________ Most of original plagioclase altered to 

gabbro. (chlorite), plagioclase, menite, leucoxene (plagio- sericite, clinozoisite, quartz, and car-
(sericite), (quartz). claRe). bonate. Remaining plagioclase indeter-

ruinate. Original ferromagnesian mineral 
to chlorite. Possible assimilated car-
bonate forms relatively large clusters. 

Pegmatitic meta gab- Hornblende _____________ Labradorite An eo- _______ Chlorite, sericite, fibrous c ___________________ Texture allotriomorphic to hypidiomorphic 
bro. amphibole, clinozoisite, granular. Plagioclase altered in part to 

carbonate, epidote. epidote, clinozoisite, carbonate, sericite, 
and a fibrous amphibole. 

Pegmatitic metapyrox- Hornblende _____________ -------------------------- Plagioclase, pyroxene, chlo- c ___________________ Texture allotriomorphic granular. Pyrox-
enite. rite, carbonate, epidote. ene relicts in hornblende. Some of chlo-

rite, carbonate, and epidote are alteration 
products of pyroxene or hornblende. 

-----------
Granophyre ___________ Feldspar-albite-oligo- (Quartz), (biotite), Hornblende, biotite, chlo- Feldspar: M and C; Texture allotriomorphic granular and 

clase, perthite, ortho- (hornblende). rite, sericite, carbonate, Quartz: F and M. granophyric. Quartz in granophyric and 
clase, quartz. apatite, magnetite. myrmekitic intergrowths. 

Fine-grained green- Chlorite or biotite, Albite-oligoclase, (seri- Kaolinite, sericite, muscovite, F ___________________ Biotite is minor mineral in chlorite-rich 
stone. quartz, (carbonate). cite), carbonate, epidote (chlorite or biotite), rocks. Where biotite common, it is 

(quartz), (epidote), leucoxene, ilmenite, mag- generally interspersed evenly with 
(leucoxene). netite. quartz, sericite, and minor chlorite. 

Carbonate, epidote, sericite, and quartz 
probably derived by alteration of origi-
nal calcic plagioclase. 
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Quartz porphyry ______ Quartz, biotite (sericite) Sericite (biotite) _________ Feldspar, carbonate, leu-
coxene, magnetite. 

- ----------------------'l'rachyte ______________ Feldspar, sericite ________ (Carbonate), 
ene). 

(leucox- Carbonate, 
oxides. 

leucoxene, iron 

Diabase ________________ Labradorite Ano2, pigeo- Magnetite, chlorite, Sericite, muscovite, kaolin-
nitic pyroxene. biotite. ite, apatite, iron oxides. 

F, quartz ''eyes'' 
are M. 

F and M ____________ 

M ___________________ 

Biotite and sericite well alined in ground-
mass. Foliation bends partly around 
quartz "eye" phenocrysts. Biotite blebs 
are aggregates of biotite flakes; they may 
be sheared out pseudomorphs of earlier 
dark mineral. Remnants of feldspar in 
midst of some sericite patches. In few 
places, carbonate in "shear shadows" ot 
quartz "eyes." 

A few quartz grains seen in one hand speci-
men, but none in thin sections. 
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foliation planes but have little or no dimensional orientation. Kao­
linized and albitized relicts of probable calcic plagioclase and crystals 
of secondary albite are subordinate constituents in some of the green­
stone. 

A thin greenstone dike cuts the northernwst dolomite outcrop at 
the water's edge in the SW% sec. 28, T. 44 N., R. 31 W. The rock 
is now essentially a quartz-chlorite schist with a subordinate amount 
of leucoxene. The quartz is evenly interspersed with well-alined flakes 
of chlorite. Leucoxene aggregates are generally elongated parallel to 
foliation. 

.AGE OF .ALTERED B.ASIC INTRUSIVE ROCKS 

The sills and other less well-defined bodies of metagabbro, meta­
diabase, and associated rocks intruded ivto the Hemlock formation 
are clearly post-Hemlock in age. The carbonate-rich metagabbro 
must be post-Randville in age, and because of its general similarity 
to metagabbro of post-Hen1lock age, it, too, n1ay be post-Hemlock. 
The degree of alteration of these basic intrusive rocks shows that they 
were emplaced before the time of late Middle Precambrian regional 
metamorphism. The rocks intruded into the Hemlock are therefore 
rather late Middle Precambrian, a11d the carbonate-rich metagabbro 
is probably of the same age. 

The fine-grained greenstone dikes in the Margeson Creek gneiss are 
clearly younger than the Lower Precambrian rocks in places where 
they transect the foliation of the complex. They also truncate and 
are younger than quartz veins in the adjacent granitic rock. The 
degree of metamorphism of the dikes indicates that they formed prior 
to the late Middle Precambrian, and it is entirely possible that they 
were associated either with the eruption of the volcanic rocks of the 
Hmnloek fonnation or with later Middle Precambrian basic intrusive 
rocks. 

QUARTZ PORPHYRY 

Quartz porphyry is exposed in T. 44 N., R. 31 W., in theSE~~ see. 
5, in the NE~~NE% sec. 17, in the SEXSE~~ sec. 17, in the NE~~NEX 
see. 20, in a northeast-trending gully in the NWXNW~~ sec. 20, and 
in relatively large outcrop in the SE~~S'iV~~ sec. 16. In several expo­
sures the porphyry fmms a thin comformable layer in the gneiss, and 
in one place it projects several feet above the surface in a small tabular 
outcrop. The quartz porphyry in the large outcrop in sec. 16 was 
described in Monograph 36 (Clements and Smyth, 1899b, p. 429) / 8 

although it was not thought to be intrusive rock. The similar-looking 
quartz porphyry in the other localities is here considered approxi­
mately correlative with the quartz porphyry in sec. 16. 

18 In Monograph 36 this outcrop was referred to sec. 21. This was probably because of an error of several 
hundred feet in field location. 
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The quartz porphyry is generally gray br::>wn to tan. It is schistose 
to slaty and is characterized by "eyes" of blue opalescent quartz and, 
in places, by platy blebs of biotite or sericite. (See table 9.) Some 
of the quartz "eyes" are mosaic pods or lenses, and some are single 
strained and embayed crystals, clearly of volcanic or hypabyssal 
origin. The quartz "eyes" are set in a strongly alined groundmass 
of quartz, biotite, and sericite. Patchy aggregates of sericite are 
vaguely pseudomorphous after feldspar. 

Fragments of pink coarse-grained inequigranular granitic rock as 
much as several feet in dian1eter are included in the quartz porphyry in 
sec. 16, T. 44 N ., R. 31 W. They were noted by Smyth in Mono­
graph 36. 

The granitic inclusions in the porphyry in sec. 16 prove that the 
porphyry there is younger than the :Niargeson Creek gneiss. If the 
porphyry (forming layers in gneiss) at the other occurrences is eorre­
lative with the porphyry in see. 16, the rock in the other occurrences 
n1ust also be younger than the Margeson Creek gneiss. Accordingly, 
the thin conformable layers of quartz porphyry in the gneiss would be 
intrusive rock. The quartz porphyry in the gully in sec. 20 is ap­
parently associated with a greenstone dike that transects the foliation 
of the gneiss and is clearly intrusive. The conclusion that the quartz 
porphyry of the other oceurrenees is intrusive at least suggests that 
the porphyry in see. 16 is also intrusive, rather than a flow of post­
granite, pre-Randville dolomite age, as suggested by Smyth (Clem­
ents and Sn1yth, 1899b, p. 429). 

Foliation in a flow roek uneonforn1ably overlying foliated granitic 
rock should truncate the foliation in the granitic rock, and its trend 
should approximate that of the contact between granitic and flow rock. 
Foliation in the porphyry in sec. 16 strikes northward directly toward 
an outcrop of foliated granitic rock, 150 feet away. The foliation 
trend of the granitic rock is.variable but, in general, parallels the trend 
in the quartz porphyry. The apparent structural concordance 
between porphyry and granitic roek at this place is similar to that 
where quartz porphyry is aetually seen in contact with enclosing 
gneissic rock. This seems to disprove Smyth's suggestion that the 
porphyry is flow rock. 

The degree of alteration of the quartz porphyry indicates that the 
porphyry antedated the late Middle Precambrian regional metamor­
phism. The intrusion of the quartz porphyry took place sometime 
after the formation of the Margeson Creek gneiss and before the end 
of Middle Preeambrian time; it n1ay be related to tho acid rocks of the 
Hemlock formation. 
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TRACHYTE 

Trachyte is interlayered with Randville dolomite in the east-central 
part of sec. 32, T. 44 N., R. 31 W., and is found in several small 
isolated outcrops in the NE~~ sec. 4, T. 43 N., R. 31 W. 

The rock in sec. 32 is a layer of pink dense fine-grained material, 
not more than a few feet thick. It has a trachytic texture and consists 
mainly of feldspar laths and sericite in about equal amounts. Most 
of the feldspar shows faint gridlike twinning and is probably a potas­
sium feldspar. The sericite and minor iron oxides may have formed 
from the alteration of a glassy base. The trachyte in sec. 4 is buff 
and similar to that in see. 32, except that it contains considerable 
carbonate (probably dol01nite or calcite). The texture of the rock 
is fairly trachytic, with well-alined sericite surrounding somewhat 
alined feldspar laths. The carbonate has no dimensional orientation. 

The trachyte is either a volcanic flow roc,k emplaced during deposi­
tion of the Randville or a sill rock of uncertain age. In the general 
absence of other evidence of possible volcanism while the Rand ville was 
forming, the trachyte is eonsidered an intrusive rock of post-Rand ville 
age. 

DIABASE 

Several outcrops of an eastward-trending diabasic dike are found 
across the belt of volcanic rock of the Hemlock formation in the SW~~ 
sec. 10, T. 44 N., R. 31 W. 

The diabase is in contact with the Hemlock in several outcrops. 
Although only single steeply dipping contacts are seen at any one 
place, the thickness of the diabase dike does not exceed 100 feet. The 
rock is dark green or greenish black. On weathered surfaces it is 
rusty looking; where freshly broken the minerals appear to be largely 
unaltered. Feldspar laths, intergrown with ferromagnesian mineral 
to form a diabasic texture, are dearly visible to the naked eye. 
Magnetometer readings along a traverse from the Hemlock formation 
across the diabase show a strong negative anomaly, indicating that 
the dike roek is negatively polarized in a manner similar to that 
described for other diabase dikes in the region (Balsley, James, and 
Wier, 1949). 

The essential primary minerals are sodic labradorite, 40 to 50 
percent, and pigeonitic pyroxene, 20 to 25 percent. The labradorite 
fonns laths and a few blocky grains, from 0.4 to 2 millimeters in size. 
A few feldspar laths as large as 1 centimeter in length have been seen 
in hand specimen. Some zoning of feldspar is evident. Minor 
amounts of sericite and kaolinite form small alteration patches in some 
feldspar crystals. 

There is about 15 percent primary and secondary magnetite (?) that 
are not always distinguishable from one another. Combined mus­
covite-magnetite (?) mixtures have rather well-definoo boundaries and 
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n1ay be replacements of an earlier mineral, possibly feldspar. The 
general freshness of the feldspar and the spotty distribution of the 
n1uscovite-magnetite (?) mixtures suggest the origin of these mixtures 
by deuteric processes. 

The pigeonitic pyroxene is generally fresh. Aggregates of chlorite, 
biotite, and iron oxides border some of the pyroxene crystals and form 
about 10 percent of the rock. They are probably deuteric products. 

The high percentage of primary minerals in the diabase and their 
small degree of marginal alteration indicate that the diabase is younger 
than the metamorphism of the Hemlock formation. The negative 
magnetization of the diabase as well as its general appearance make it 
entirely analogous to diabase of the Keweenawan of adjacent regions. 

CAMBRIAN ROCKS 

Boulders and smaller fragments of sandstone have been found in 
test-pit dumps in the NW7~ see. 33, in the NW}~ see. 34, and in the 
SW% see. 27, T. 44 N., R. 31 W. The rock was not observed in place, 
but presumably it forms flat-lying or low-dipping erosional remnants 
comparable to many found in adjacent parts of the region. 

The sandstone is massive, rather loosely cemented, and buff to reel. 
It consists almost entirely of fairly well-rounded medium-size frosted 
quartz grains with some quartz and chert pebbles. The rock i~ con­
sidered to be Cambrian because of lithologic similarity to Cambrian 
rocks in adjacent areas and because its occurrence astride belts of two 
different Middle Precambrian formations indicates that it forms 
flat-lying erosional remnants. 

STRUCTURE 

The two major structural features in the quadrangle are the elongate 
anticlinal uplights of the Amasa oval in the northwesG and the mag­
netic green schist in the southeast. Both lie along the same axis. 
Between them, the axis plunges into the saddle near Kiernan junction 
southeast of Michigamme Mountain. The simple structural pattern 
is disrupted i'n the vicinity of the mountain by cross folding. A rela­
tively small north-trending anticline lies east of the main axis in sees. 
27 and 34, T. 44 N., R. 31 W. The present form of the uplifts is 
related to the late Middle Precambrian orogeny. 

AMASA OVAL 

Most of the granitic rocks of the oval have a pronounced foliation, 
commonly accentuated by the alinement of large tabular crystals of 
feldspar. Banding in the gneiss is conformable with foliation of the 
associated granitic rocks. The strikes of foliation are mainly between 
N 30° W and N. Dips are generally eastward, are practically always 
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steeper than 40°, and are comn1only between 70° and 90°. A striking 
and significant feature of the foliation is the fact that at the southern­
most end of the Margeson Creek gneiss it maintains the same north 
to north-northwest trends that it has farther north, with no deflection 
toward parallelism with the southern contact of the gneiss. The 
Randville dolomite, in passing across the nose of the uplift from one 
flank of the oval to the other, evident]y truncates the foliation of the 
gneiss. This is proof of an unconformity between the Margeson 
Creek gneiss and the Randville dolomite. Furthern1ore, it shows that 
the foliation was a Lower Precambrian feature as does also the direc­
tional control exerted by foliation planes on the growth of feldspar 
metacrysts in gneiss during Lower Precan1brian migmatization. 

Foliation is the only internal structural element mapped. True 
linear arrangement of minerals was not noted in the Margeson Creek 
gneiss, except in the sparse amphibolite. The parallelis1n of the Lower 
Precambrian foliation and the long axis of the oval indicates some 
type of relationship between foliation trends and the uplift of the 
oval. Poles of foliation planes have been plotted on a Schmidt equal­
area net held in a horizontal position. There is practically no differ­
ence between plots of foliation in the eastern and western parts of 
the oval (see fig. 19). Possibly, 1novements like those of shear folding 
along the Lower Precambrian foliation surfaces produced the late 
Middle Precan1brian uplift without affecting the general attitudes of 
foliation surfaces. 

The sout,hern part of the gneiss, chiefly the part in sees. 17 and 20, 
is cut by numerous dikes of greenstone and 1ninor associated silieeous 
rock. Most of the dikes are now marked by narrow gullylike valleys. 
The dikes converge northward toward the south-central part of sec. 17. 
The elongate swan1py depression extending north for 2 n1iles from the 
SE~~ sec. 17 may represent the continuation of the converged dikes. 
Along and adjacent to this swampy depression, there are small isolated 
occurrences of basic rock. Some of this rock is thinly interlayered with 
gneiss and may be merely darker phases of the gneiss. The pattern 
of the dikes, the presence of zones of gash veins of quartz forming 
typical ladder structures immediately adjacent to the dikes in some 
places (see fig. 20), and the apparent off-sets in the border of the 
Margeson Creek gneiss in the NE~~ sec. 20 indieate that the dikes 
were intruded along faults. The maxi1num horizontal or apparent 
horizontal offset is on the order of 1,500 feeL The age of the faults is 
unknown, although their location and pattern on the nose of the uplift 
suggest a genetie relationship with the doming. Inasmueh as meta­
morphism of the dikes was approximately concomitant with the 
doming, the faults, if related to the doming, must have formed very 
early in the period of deformation. 
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FIGURE 20.-Diagrammatic plan view showinc. relationships of ganitic rock, basic dikes, quartz veins, and 
inferred fault in the southwestern part of the NE HNWH sec. 20, T. 44 N., R. 31 W. 

SOUTHEASTERN GREEN SCHIST UPLIFT 

Because of the absence of exposures, structures within the green 
schist are practically unknown. Drilling reveals a crinkled highly 
schistose to slaty rock. Correlation of magnetic highs with green 
schist is based mainly on a drill hole in sec. 25, T. 43 N., R. 31 W., 
that disclosed strongly magnetic schist. The trend of the belt has 
been established by magnetometer surveys. The green schist occupies 
the core of an anticlinal uplift, as indicated by the following facts: 

1. Dolomite and arkose of the. Randville form a belt along the 
west side of the magnetic green schist anomaly. The belt has 
been drilled in the Lake Mary quadrangle in the W~ sees. 23 
and 26, T. 43 N., R. 31 W. 
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2. West-dipping greenstone of the Hemlock formation is exposed 
immediately west of the belt of Randville dolomite in sec. 26. 

3. Dolomite has been drilled east of the magneti0 anomaly and 
just south of the Kiernan quadrangle in sec. 14, T. 43 N., 
R. 31 W. 

4. Metatuff of probable Hemlock age has been drilled east of the 
dolomite in sec. 14, T. 43 N., R. 31 W. 

In a line of shallow drill holes in the N}f sec. 10 sericite slate, here 
correlated with the Hemlock formation, is found both east and west 
of dolomite and arkose of the Randville. Rocks of the Randville are 
the oldest found in this drilling because the green schist anticline 
plunges northwestward toward Michigamme Mountain. 

MICHIGAMME MOUNTAIN AND VICINITY 

In the vicinity of Michigamme Mountain, east-trending structures 
lie across the main north-northwest structural axis (fig. 21, A 1 and Az). 
There are at least two folds trending approximately east to northeast, 
one at Michigamme Mountain, and the other, southeast of the 
mountain (fig. 21, A 3, A 4 ; pls. 2 and 3, cross sections A-A' and B-B'). 
About Of miles northwest of the mountain, in theW~ sec. 32, at least 
three other east-trending or east-southeast-trending folds involve the 
Randville dolomite and its associated slate (fig. 21, 81, 82, A5). The 
folds are probably due mainly to compressional forces developed in 
the saddle between the Amasa oval uplift and the uplift of green schist 
to the southeast. 

The east-trending fold at Michigamme Mountain (fig. 21, A3) is 
recognized by the following features: 

1. The narrow magnetic crest extending north-northeast and 
south-southeast from the mountain has a pronounced bend or 
loop to the east at the mountain. Goodrich quartzite drilled 
in the NW}~ sec. 3, T. 43 N., R. 31 W., is on an anticline 
(fig. 21, A6) that is in line with this bend (pls. 2 and 3, eastern 
half of cross section A-A'). 

2. The strike of foliation in the metarhyolite commonly approxi­
mates the strike of the formation; on the north side of the 
mountain foliation in the metarhyolite strikes about east. 

3. Probable bedding in the Goodrich quartzite on the north side 
of the mountain strikes a little north of east. 

A northeast-trending anticline lies son1e 2,000 feet southeast of 
the nwuntain (fig. 21, A 4 ; pls. 2 and 3, cross section D-D'). The 
magnetic crest trending southeast from the n1ountain turns northeast 
along the northwest limb of this anticline. Magnetic quartzite is 
exposed on the southeast limb. A northeast-trending magnetic 
trough lies along the axis of the anticline. Randville dolomite is 
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exposed in two places near the southwest end of the magnetic trough 
in the eastern part of sec. 4 and probably also occupies the core of the 
anticline, inasmuch as the carbonate-rich trachyte exposed in the 
magnetic trough is believed to have intruded dolomites. 

The northeast-trending anticline in the NE% sec. 4 (fig. 21, A 4 ) is 
also indicated by dolomite in diamond-drill holes L-111, L-112, and 
L-113 near the northwest shore of Butler Lake in sec. 3 (pls. 2 and 3, 
cross section B-B') because the drilled dolomite lies nearly on the 
projection of the anticline and thus confirms the presence of a struc­
tural axis. Northwest and northeast of the dolomite in sec. 3, non­
magnetic to slightly magnetic Goodrich quartzite has been found at 
bedrock surface in drill holes L-117, L-118, L-202, L-203, and L-204. 
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Between the dolomite drilled in sec. 3 and the northeast-t,rending 
anticline in sec. 4, metavolcanic rocks of the Hemlock formation overlie 
ferruginous cherty quartzite (pls. 2 and 3, drill holes F-3, F-4, F-5, 
L-108, L-109, L-201, L-209, L-211, L-213, L-301, and L-302). 
Some of the quartzite and metavolcanie roek is magnetie. The 
northeast-trending anticline in see. 4 evidently plunges northeastward 
beneath roeks of the Hemlock formation and rises again in echelon 
northwest of Butler Lake (pl. 1; fig. 21, A 7), where the roeks are 
folded along north-northeastward (A7) and west-northwestward (A6) 

axes. If the north-northeast-trending and plunging axis bends some­
what westward, extends 1 mile north, and rises again toward the 
surface, it aceounts for the probable Goodrich quartzite on test-pit 
dumps in the NW}~ sec. 34 and for probable silieified Randville dolo­
mite a short distanee north of the test pits (pl. 1; fig. 21~ A8). 

The embayment of rocks of the Hemlock formation immediately 
east, southeast, and south of Miehigamme Mountain is indieated by 
several outcrops of altered basie agglomeratie tuff on the east side of 
the mountain in the NEXNE)~ see. 4, by the outerops of graywacke 
on the south side of the mountain, and by drilling in serieite slate and 
greenstone members of the Hemloek in the NW)~ see. 3 (pls. 2 and 3, 
eross section B-B', drill holes L-201, L-209, L-211, and L-301). 
The loeation of the contaets on the west an.i south sides of the embay­
ment in the NEX sec. 4 is established rather aecurately by the loeation 
of outcrops of greenstone, graywacke, and quartzite with respect to 
the magnetic data. The shape of this embayment appears to reflect 
a combination of east-trending and north-trending folds (fig. 21, 83). 

To the east and northeast in sec. 3, magnetic lines have few or no defi­
nite trends and are difficult to interpret. 

Attitudes of bedding in dolomite and slate along the shore of Michi­
gamme Reservoir in the NW)~ of sec. 32 indicate at least three small 
east-southeast-trending folds. (See also Clements and Smyth, 1899b, 
p. 434.) Two of the three structures are adjoining tight folds in 
dolomite (fig. 21, 8 1 and A5). The fold axis of the anticline (A5) 

plunges rather steeply westward. Several small drag folds are exposed 
on the south limb of the anticline. (See fig. 8.) The third fold, 
a syncline (fig. 21, 82), is in dark-gray fissile slate cropping out on 
a small headland. The plunge of the syncline is interpreted to be 
westward. Other folds may lie between this syncline and the anti­
cline (A5) to the north. Slate exposed near the center of sec. 32 is 
either on the eastward extension of the syncline (82) or in another 
small fold north of the syncline. Slate and dolomite have been 
reported from test pits, about half way between the slate near the 
west quarter corner and the slate near the center of the section. 

371023-56-6 
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Slate is also exposed about 700 feet southeast of che west quarter 
corner of sec. 32; it may be on the south limb of syncline 82 , or it 
may represent another fold south of that syncline. Dolomite in 
the SE~~ of the section is south of the eastward projection of the 
slate. The slate in the W% see. 32 accordingly is in one or more 
tight folds and is bordered on the north and at least partly on the 
south by dolmnite. The slate in the syncline (82) near the west 
quarter corner of the section evidently is underlain by dolomite and 
apparently has no dolomite above it in the core of the syncline. 
Therefore, the slate probably lies above the dolomitic part of the 
Randville, although the observed features could be caused by tightly 
folded slate and dolon1ite interbedded near the top of the formation. 

As noted earlier, Smyth considered the slate in the W~6 sec. 32, 
equivalent to the Mansfield, whereas Van Rise and Leith merely 
placed it above the Rand ville dolomite and beneath the "Negaunee," 
without attempting a specific correlation. 

The westward plunges of fold axes in the NW~~ sec. 32, and the 
inferred trend of the Randville-Hemlock contact in sees. 30 and 31, 
indicate that the Randville dolomite is arched into a relatively large 
westward-trending and plunging anticline (fig. 21, A 9). This anti­
dine possibly represents a major axis of cross folding to whieh the 
smaller cross folds of the area are related. If so, the distribution 
of the smaller cross folds suggests that the plunge of the main axis 
of cross folding may alternate from westward to eastward several 
times between see. 31, T. 44 N., R. 31 W. and sec. 3, T. 43 N., R. 31 W. 
The sn1all syncline (82 ) ean be reconciled with the larger anticline 
(A9) if it is assumed that the syncline, as well as the other small folds 
in sec. 32, are part of an antic1inorium-type structure in the Randville, 
one in which there is considerable down folding near the crest. 

MAGNETIC SURVEYS 

Magnetic data obtained from a.eromagnetic and ground magnetic 
surveys were of considerable help in making geological interpretations 
in the Kiernan quadrangle. Definite magnetic units and trends are 
disclosed which make it possible to draw geologic contacts with 
reasonable confidence in areas where little or no other information 
is available. 

AEROMAGNETIC SURVEY 

The Kiernan quadrangle was included in an aeromagnetic survey 
of part of the northern peninsula of Michigan made in 1949 by the· 
U. S. Geological Survey in cooperation with the Geological Survey 
Division of the Michigan Department of Conservation. J. R. Balsley 
directed the aeromagnetic survey, and J. Blanchett supervised the 
compilation of the magnetic data. Total-intensity measurements 
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were made with an AN/ ASQ-3A magnetometer installed in a DC-3 
airplane. East and west trending flight traverses were flown at 
quarter mile intervals at about 500 feet above the ground. The 
aeromagnetic data in the IGernan quadrangle are presented here as a 
series of total-intensity profiles (pl. 5). Crest positions of the anom­
alies are plotted on plates 1, 2, and 5 as clots sized in proportion to 
the intensity of the anomaly each represents. Errors in plotting the 
crest positions are believed to be less than 300 feet. 

The dominant magnetic feature is the strong magnetic high t,hat 
trends generally north across the eastern part of the quadrangle. 
Results of geologic mapping and ground magnetometer surveys 
indicate that this aeroanomaly is caused by several different magnetic 
rocks. The central part of the anomaly is caused mainly or entirely 
by magnetite-bearing Goodrich quartzite exposed in sec. 33, T. 44 N., 
R. 31 W., and in sec. 4, T. 43 N., R. 31 W. The northern part 
is evidently caused by the Fence River formation and the southern 
part by Lower Precambrian green schist. Correlation of the parts 
of this con1posite anomaly with specific formations is discussed in 
the following section on the grouncl1nagnetic survey. 

Moderate to small anomalies occur throughout the Hemlock 
formation in the southwestern part of the quadrangle. These anom­
alies probably reflect original differences in lithology of the formation, 
but none was related to specific rocks. Some of the anomalies appear 
to cross geologic trends and perhar:s are due to intrusions of magnetic 
rock. 

The rest of the area is relatively free of anomalies, although a few 
scattered ones of unknown cause oceur in the Lower Preeambrian roeks 
of the Amasa oval and in the Middle Preeambrian Randville dolomite. 

GROUND MAGNETIC SURVEY 

An area of about 11 square 1niles along the trend of the large aero­
anomaly in the southeastern part of the quadrangle was surveyed in 
detail with vertical-intensity magnetometers (pl. 2). Two tempera­
ture-compensated magnetometers were used, one with a sensitivity of 
about 28 ga1nmas per scale division and the other with a sensitivity 
that varied from 39 to 42 gammas per scale division during the course 
of the survey. 

Fieldwork was done sporadieally from February 1952 through June 
1953, mueh of it during the winter months when traverses could be 
made across frozen swamps and lakes. lVfagnetie determinations were 
made at paced intervals of 100 feet or less on compass traverses spaced 
from 200 to 400 feet apart in that part of the area where the magnetic 
pattern was most eomplex. Elsewhere, readings were taken at in­
tervals of from 100 to 200 feet on traverses spaced up to a quarter of 
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a mile apart. A sundial compass was used to control the direction of 
traverses in places where the magnetic declination deviated greatly 
from normal. About 5,300 magnetic stations were occupied. 

Traverses and individual stations were locat,ed with respect to all 
observable topographic features, land boundaries, roads and trails, 
and rock exposures. Most of the stations shown on plate 2 are prob­
ably located with an error of less than 50 feet, although a few may 
be misloeated by as much as 200 feet. 

Magnetic values shown on plate 2 are in tens of gammas above an 
arbitrary zero base, and the isomagnetic contours are at 100 gamma 
intervals. The approximate absolute vertical-intensity gamn1a value 
of the abritrary zero base level is 57,500, as determined from magnetic 
base stations established in southeastern Iron County by the U. S. 
Bureau of Mines (Bath, 1951). 

Corrections for diurnal variation were determined by checking at 
base stations several times a day, usually at about 2-hour intervals. 
Relative gamma values of adjacent stations on individual traverses 
are accurate to within several gammas, but values between widely 
spaced stations may be in error by larger amounts, chiefly because of 
magnetic storms that may have occurred between base station checks. 
Inasmuch as extreme magnetic storms are readily detected in the 
normal course of making a magnetometer survey and beeause survey­
ing was discontinued during such periods, the average error is believed 
to be less than 25 gammas. 

In addition to the magnetic survey in the vicinity of Michigamme 
Mountain, magnetometer traverses were made across the trend of the 
magnetic Hemloek formation and Fence River formation on the east 
side of the Amasa oval. The results of these traverses are shown on 
plate 4 as a series of vertical-intensity magnetic profiles with corre­
sponding geologic cross sections. The profiles clearly illustrate the 
relative magnetic character of the Randville dolomite, the Hemlock 
formation, and the Fence River formation. The dolomite is essentially 
nonmagnetic, whereas the metavolcanic rocks and the iron-formation 
are strongly magnetic. Magnetic zones in the Hemlock formation are 
typically erratic and discontinuous in contrast to the strong narrow 
linear anomaly caused by the Fence River formation. Profile and 
cross section A-A' of plate 4 shows the relationships in the vicinity 
of the Sholdeis exploration in T. 45 N., R. 31 W., about 2 miles north 
of the quadrangle, where good exposures of the three rock units 
make possible definite correlation of magnetic data and geology. A 
local detailed survey was also made in sec. 15, T. 44 N., R. 31 W., 
(see fig. 18) which clearly revealed the position of the unexposed 
Fence River formation with respect to outcrops of Hemlock formation 
and an outcrop of biotite schist referred to the Michigamme slate. 
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MAGNETIC ANOMALIES 

The ground magnetic data on plate 2 show that the magnetic belt in 
the southeastern part of the quadrangle consists essentially of a 
northern, a central, and a southern anomaly, each a rather distinct 
magnetic unit. 

Northern anomaly.-The strong linear anomaly in the SE~~ sec. 27, 
T. 44 N., R. 31 W., is the southern end of a narrow magnetic belt that 
continues northward along the east side of the Amasa oval. This 
anomaly is caused by the southward extension of the Fence River 
forn1ation, which is exposed in the SE%NE% sec. 21, T. 45 N,. R. 31 
W., about 2?~ n1iles north of the Kiernan quadrangle. The Hemlock 
formation is also magnetic in places and may be responsible for the 
small irregular magnetic highs in the southeastern part of sec. 27 that 
trend southward and die out near the center of section 34, T. 44 N., 
R. 31 W. 

Termination of the northern anomaly in sees. 27 and 34 is believed 
caused by erosion of the magnetic Fence River formation prior to 
deposition of the Michigamme slate. Although erosion may also have 
cut into and removed part of the Hemlock fonuation, the general 
decrease in the magnetic character of the Hemlock in this vicinity is 
probably caused mainly by the appearance and predominance of 
nonmagnetic metarhyolite in the unit. 

Central anomaly.-The central anomaly is a series of somewhat er­
ratic and discontinuous magnetic highs in the vicinity of Michigamme 
Mountain (pl. 2). Some of the individual magnetic highs can be 
related directly to outcrops of magnetite-bearing Goodrich quartzite 
in sees. 4 and 33. The other anmualies of this group are almost 
certainly caused by unexposed quartzite. The magnetic pattern sug­
gests that the quartzite occurs in shallow semiconnected patches 
that have been folded and cross folded. The small anomaly in the 
NW~~ sec. 3 may, at least in part, be due to magnetic rocks of the 
Hemlock formation as drilling in that vicinity revealed some magnetic 
greenstone. 

According to previous geologic interpretation in this area, based 
largely on dip-needle data, both the northern and central anomalies 
were caused by Negaunee iron-formation which was believed to be 
offset along an inferred northwest-trending fault in sees. 28 and 34, 
T. 44 N., R. 31 W. This concept appears untenable in view of the 
additional and more detailed geologie and magnetic information 
derived from the present study. The detailed magnetometer data 
disclose a considerable difference in the magnetic character of the 
two anon1alies. The northern one is uniform and linear and obviously 
caused by a narrow continuous magnetic bed that extends downward 
to some depth, whereas the central anomaly consists of a group of 
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magnetic highs that appear to be caused by shallow lenses of magnetic 
material. Furthermore, no offset or other complexity in the magnetic 
pattern, such as would be expected at a fault crossing a single mag­
netic bed, is disclosed by the Inagnetic data. 

Geologic evidence that the two anomalies are separate has been 
presented earlier in this report. The Hemlock formation lies strati­
graphically below the magnetic roeks causing the northern anomaly, 
but in the vieinity of Michigamme ~1ountain the Hemlock formation 
lies stratigraphically above rocks causing the central anomaly. This 
is clearly shown by the position of metarhyolite exposed west of the 
northern anomaly and east of the central anomaly in the SW~~ sec. 27 
and the NW~~ sec. 34 and by the position of identical metarhyolite 
east of the central anomaly in sec. 33, T. 44 N., R. 31 W. 

Erratic magnetie values in the SW~~SW~~ sec. 27, T. 44 N., R. 31 vV., 
are believed to be caused by magnetic n1aterial in the glacial over­
burden. 

So'Uthern anomaly.-The southern anomaly consists of a broad fairly 
regular magnetic belt that extends southeastward frmn near the 
southern end of the eentral anomaly. It differs in character from the 
northern anomaly by being broader and not as uniform or we1l defined, 
and from the central group of magnetic highs by being more regular 
and continuous. The shape of the magnetic profiles indicate that 
the upper pole of the material causing the anomaly may range in 
depth from several hundred to one or two thousand feet and that the 
magnetic rocks may dip to the southwest. 

Some of the local magnetic highs along the trend of the anomaly 
in sec. 10, T. 43 N., R. 31 W. (pl. 2) appear to be due to relatively 
sha1low magnetic bodies and are probably caused by small remnants 
of Goodrich quartzite lying on Randville dolomite a short distance 
above the n1agnetic green schist. The n1agnetic pattern in sec. 10 
possibly represents an overlap of the central and southern anomalies. 
(See magnetic crest lines on plate 1.) 

The anomaly eontinues southeastward as a complex magnetic zone 
as far as T. 42 N., R. 30 W., in Dickinson County. A drill hole on the 
anomaly in the SE~~NE~~ sec. 25, T. 43 N., R. 31 W., disclosed mag­
netic green schist. The northwestward extension. of this rock is 
believed to cause the southern anomaly in the Kiernan area, although 
shallow drilling in sees. 10, 14, and 23, T. 43 N., R. 31 W., disclosed no 
n1agnetic material. 

No eompletely satisfactory explanation can be given for the north­
ward termination of the southern anomaly at approximately the same 
plaee that the southern part of the central anomaly ends. The mag­
netic rock of the southern anomaly may lens out entirely to the north-
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west. However, it seems n10re likely that the termination of both 
anomalies in about the same place is at least partly related to the 
preservation of the magnetic Goodrich only in the structural depres­
sion created by the northwestward plunge of the green schist. To 
the northwest the green schist may plunge deeply beneath nonmagnetic 
Randville dolomite or Hemlock formation. 

GEOLOGIC HISTORY 

The earliest known geologic event in the quadrangle was the forma­
tion of the banded gneiss of the Margeson Creek gneiss. The mag­
netic green schist in the southeastern part of the quadrangle almost 
certainly signifies extrusion of basic flows or tuffs early in the Pre­
Cambrian history of the area, but whether the volcanism antedated 
the banded gneiss is not known. The granitic rocks of the gneiss 
developed later than the banded gneiss. Although the granitic rocks 
probably formed by a combination of n1agrnatic intrusion and gran­
itization-migmatization of the gneiss, it is unknown which process 
produced most of the rock. Uplift and extensive erosion exposed the 
green schist and the rocks of the Margeson Creek gneiss. 

The area was inundated, and carbonate deposits that now form the 
Ranclville dolomite were laid down. Beds of clay and of quartz and 
quartz-feldspar sand were interlayered with the carbonate. The clay 
and sand may have come frmn local projections of the granite-gneiss 
basement above the sea. There is no evidence that the Randville 
was eroded in the Kiernan area before the next formation was de­
posited, although this did occur in some adjacent areas. Following 
deposition of the present Randville dolmnite, iron-rich sediment and 
silica (chert) of theN egaunee iron-formation were probably deposited 
in the Kiernan area. Erosion following gentle uplift then evidently 
stripped all or almost all of the Negaunee iron-formation from the 
Kiernan area. 

Submergence, probably only of parts of the area, occurred again. 
Quartz sand and precipitated silica, mixed in places with rubble of the 
eroded Negaunee iron-formation, aeeun1ulated in the basin or baP.ins 
resulting from this submergence. The material is now the Goodrich 
quartzite; probably it is magnetic only where it received iron oxide 
from the remains of the Negaunee and where appreciable magnetite 
formed during diagenesis. 

A period of volcanism succeeded the deposition of the Goodrich. 
It is unknown to what extent the area had emerged from the sea prior 
to the eruptions of acid and basic lava or ash. Slate and graywacke 
associated with the volcanic rocks in the Hemlock formation indicate 
either continuing or recurring submergence in parts of the region. 
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Ellipsoidal structures in the greenstone in several places in the south­
western part of the area indicate submarine extrusion during at least 
part of the period of volcanis1n. 

After the volcanism the area either again became submerged or 
continued in general submergence. The present Fence River forma­
tion was formed by deposits of iron-rich sediments mixed in small 
part with chemically precipitated silica, and with quartz sand near 
the botton1 of the sequence. After gentle uplift, erosion removed the 
Fence River formation from the southern part of the quadrangle and 
may have cut into the Hemlock formation. Then widespread sub­
mergence oceUITed and the n1uds and sands of the Michigamme slate 
were laid down. Smnetime between the emplacement of the Hemloek 
and prior to post-Michigan1n1e uplift and metamorphisn1, gabbroie 
and nwre silieeous magn1as intruded the area. 

The deposition of the Miehigamme was followed by a period of 
intense deformation aeeon1panied by widespread metamorphism and 
]oeal granite intrusion in the western part of the northern peninsula 
of 11iehigan. In the Kiernan area the Amasa oval and the south­
eastern green sehist uplifts were formed. 

After the period of regional deformation and metamorphism, 
diabase dikes were intruded into Lower and Middle Precambrian 
roeks over a large part of the western part of the northern peninsula 
of Michigan. They were evidently related to Upper Precambrian 
Keweenawan lavas. 

During a vast period of time following the post-Miehigamme 
orogeny, the deforn1ecl belts were eroded to their roots in a widespread 
peneplanation. During this time, iron-formations were oxidized, and 
bodies of oxidized (soft) iron ore forn1ed. Later, during t,he Cambrian 
period, gentle submergenee resulted in the aeeumulation of well­
sorted quartz sand, in plaees mixed with earbonate, that now forms 
gently dipping sandstone and dolomitic sandstone. Silicifieation of 
favorable rocks, particularly dolomite, Inay have taken place on the 
Preca1nbrian peneplain represented by the unconformity at the base 
of the Cambrian sandstone. Almost all of the Cambrian sandstone 
of the Kiernan area was eroded away during the Cambrian to 
Pleistocene interval. There is no evidence of deposition during 
the interval. Glacial drift and outwash of Pleistocene age were laid 
over mueh of the Kiernan area. 

ECONOMIC GEOLOGY 

Up to the present time iron-rieh rock has been the only geologic 
material of economic interest in the Kiernan quadrangle, although 
in the future, glacial materials may be utilized for sand and gravel 
and Randville dolomite for road rock and building stone. 
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EXPLORATION 

Exploration in the form of drilling, trenching; test pitting, and 
dip-needle surveys has been carried on sporadically in the past 
without proving iron ore in nwre than insignificant quantities. This 
activity has centered at Michigamme Mountain and vicinity. 

Test pits and trenches, dug during the past 60 ye3Jrs or more, are 
located mainly in the SWX see. 27, in the NWX see. 33, in the SEX 
see. 33 (north slope of Michigamme Mountain), in the NWX sec. 34, 
T. 44 N., R. 31 W., and in the NEX sec. 4, T. 43 N., R. 31 W. In 
the NWX see. 34, test pits have revealed Goodrich quartzite, greenish 
ehloritie schist, and Cambrian sandstone stained by iron oxides. In 
the SW% sec. 27, red to green probable metavolcanic schist has been 
found on te.st-pit dumps. Si1nilar material occurs on dumps in the 
NWX see. 33. 

Between 1917 and 1919 the J. M. Longyear Company of Marquette, 
11ich., drilled in the SW7~ see. 27, in the 87~ see. 33, in the NW;~ sec. 
34, T. 44 N., R. 31 W., and in thew;~ see. 3, in sec. 9, and in see. 10, 
T. 43 N., R. 31 W. Ten holes were drilled in theW% see. 3 and two 
in the NWX see. 4 by the Ford Motor Cmnpany in 1922 and 1923. 

No known exploration has been done in the northeastern part of the 
quadrangle, along the magnetic belt of the Fence River formation. 
The magnetic green schist in the southeastern part of the quadrangle 
has been drilled only in the Lake Mary quadrangl~ to the south. 

GOODRICH QUARTZITE 

The iron-rich rock explored by most of these operations is the 
Goodrich quartzite. The Goodrich of this area consists mainly of 
clastic quartz, recrystallized chert, magnetite, and hematite. Re­
crystallized chert and dusty hematite generally form the matrix 
around magnetite, elastic quartz, and clastic chert. The iron content 
of the Goodrich ranges from traces or 1ninor amounts to about 60 
percent very locally but generally is between 15 and 35 percent. 
Commonly magnetite forms 5 to 35 percent, and hematite forms 1 to 
10 percent of the rock. 

Clastic quartz grains range in size from 0.05 to 0.5 mm and are 
mostly between 0.1 and 0.4 min. Individual chert grains are com­
monly less than 0.05 mm in diameter. Magnetite grains range from 
0.05 to 1.0 mm but some crystals or aggregates are as much as 2 mm 
in diameter. Hematite particles are generally smaller than 0.02 mm. 
Although the Goodrich is dense and compact, microscopically much 
of it is seen to have a foliated texture. 

Magnetic and geologie data (pls. 2 and 3, cross sections A-A', 
B-B') indicate that the magnetic Goodrich extends to the relatively 
shallow depth of 400 to 500 feet at Michigamme Mountain. Drilling 
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southeast of the mountain, in the W~6 see. 3, disclosed magnetic and 
nonmagnetic (oxidized) Goodrich down to depths greater than 1,000 
feet (pl. 3, cross sections 0-0', D-D', E-E', F-F'), but the actual 
extent of the formation is probably rather limited. 

The Goodrich apparently contains very little "iron ore," but possibly 
is amenable in part to beneficiation. However, until more information 
is obtained regarding the volume of Goodrich quar~zite that can be 
beneficiated, the possibility of development is unlikely. 

FENCE RIVER FORMATION 

The Fence River formation is not exposed within the quadrangle. 
At the Sholdeis exploration, north of the quadrangle in the SE~~NEX 
sec. 21, T. 45 N., R. 31 W., it consists of a thin-banded rock composed 
mainly of quartz, magnetite, hornblende, and epidote, with some 
massive garnet-grunerite schist. Test pits near the Sholdeis explora­
tion and at the Doane exploration show that the lower part of the 
formation contains magnetite, specularite, and quartz. Grain sizes 
range from about 0.05 to 0.2 mm, although hornblende or garnet 
porphyroblasts range from about 1.0 mm to 1.0 em in size. The 
favorable effect of metamorphism in increasing grain size may make 
the rock amenable to concentration. The consistent nature of the 
magnetic anomaly from the Sholdeis exploration southward into the 
Kiernan quadrangle (pl. 4) suggests little change in the Fence River 
formation, but a decrease in grain size is to be expected southward 
from the Sholdeis exploration because of decreasing metamorphic 
grade. 

MAGNETIC GREEN SCHIST 

Drilling in the Lake Mary quadrangle south of the Kiernan area 
has shown that the magnetic green schist is too low in iron content 
for economic consideration. 

LITERATURE CITED 

Allen, R. C., 1910, The Iron River iron-bearing district of Michigan: Mich. Geol. 
and Bioi. Survey, Pub. 3, Geol. Ser. 2. 

Allen, R. C., and Barrett, L. P., 1915, Contributions to the pre-Cambrian geology 
of northern Michigan and Wisconsin: Mich. Geol. and Bioi. Survey, Pub. 
18, Geol. Ser. 15, p. 15-164. 

Bailey, E. B., 1923, The metamorphism of the south-west Highlands: Geol. Mag. 
v. 60, p. 317-331.4 

Balsley, J. R., James, H. L., and Wier, K. L., 1949, Aeromagnetic survey of 
parts of Baraga, Iron, and Houghton Counties, Michigan, with preliminary 
geologic interpretation: U. S. Geol. Survey Geophys. Inv. 

Barrett, L. P., Pardee, F., and Osgood, W., 1929, Geological map of Iron County: 
Geol. Survey Div., Mich. Dept. of Conservation. 



LITERATl CITED 85 

Barrow, G., 1893, On an intrusion of muscovite-biotite gneiss in the south-east 
Highlands of Scotland: Geol. Soc. London Quart. Jour., v. 69, p. 330-358. 

--- 1912, On the geology of lower Dee-side and the southern Highland border, 
Geol. Assoc., Proc., v. 23, p. 268-284. 

Bath, G. D., 1951, Magnetic base stations in the Lake Superior iron districts: 
U. S. Bur. of Mines, Rept. Inv. 4804. 

Bergquist, S. G., 1932, Glacial geology of Iron County, Michigan: Mich. Acad. 
Sci. Paper, v. 16. 

--- 1935, Valley-train deposits in the northern peninsula of Michigan: Mich. 
Acad. Sci. Paper, v. 20. 

Chayes, F., 1952, On the association of perthitic microcline with highly undulant 
or granular quartz in some calcalkaline granites: Am. Jour. Sci., v. 2501 p. 
281-296. 

Clarke, F. W., 1924, The data of geochemistry (5th ed.): U. S. Geol. Survey, 
Bull. 770. 

Clements, J. M., and Smyth, H. L., 1899a, The Crystal Falls iron-bearing district 
of Michigan: in U. S. Geol. Survey 19th Ann. Rept., pt. 3, p. 1-151. 

Clements, J. M., and Smyth, H. L., 1899b, The Crystal Falls iron-bearing district 
of Michigan: U. S. Geol. Survey Mon. 36. 

Daly, R. A., 1933, Igneous rocks and the depths of the earth: McGraw-Hill 
Book Co., New York. 

Emmons, R. C., and others, 1953, Selected petrogenetic relationships of plagio­
clase: Geol. Soc. America Mem. 52. 

Eskola, P., 1915, On the relation between chemical and mineralogical composition 
in rocks of the Orijarvi region: Comm. geol. Finlande Bull. 44. 

--- 1920, The mineral facies of rocks: Norsk geol. tidsskr., v. 6, p. 143-194. 
Hotz, P. E., 1953, Petrology of granophyre in diabase near Dillsburg, Pennsyl­

vania: Geol. Soc. America Bull., v. 64, p. 675-704. 
Hunt, T. S., 1861, On some points in American geology: Am. Jour. Sci., 2d ser., 

v. 31, p. 393-414. 
Irving, R. D., 1885, Preliminary paper on an investigation of the Archean forma­

tions of the northwestern States: U. S. Geol. Survey 5th Ann. Rept., p. 
175-242. 

James, H. L., 1955, Zones of regional metamorphism in the Precambrian of 
northern Michigan: Geol. Soc. America Bull. v. 66, p. 1455-1487. 

Kimball, J. P., 1865, On the iron ores of Marquette, Michigan: Am. Jour. Sci., 
2d ser. v. 39, p. 290-303. 

Leith, C. K., 1925, Silicification of erosion surfaces: Econ. Geol., v. 20, p. 513-523. 
Leith, C. K., Lund, R. J., and Leith, A., 1935, Pre-Cambrian rocks of the Lake 

Superior region, a review of newly discovered geologic features with a revised 
geologic map: U. S. Geol. Survey Prof. Paper 184. 

Martin, H. M., (Compiler), 1936, The centennial geological map of the northern 
peninsula of Michigan: Mich. Geol. and Biol. Survey Pub. 39, Geol. Ser. 33. 

Turner, F. J., 1948, Evolution of the metamorphic rocks: Geol. Soc. America, 
Mern. 30. 

Turner, F. J., and Verhoogen, J., 1951, Igneous and metamorphic petrology: 
McGraw-Hill Book Co., New York. 

Van Rise, C. R., 1899, in Introduction to The Crystal Falls iron-bearing district 
of Michigan, by Clements, J. M., and Smyth, H. L.,: U. S. Geol. Survey 
19th Ann. Rept., pt. 3, p. 1-151. 

Van Rise, C. R., and Bayley, W. S., 1895, Preliminary report on the Marquette 
iron-bearing district of Michigan: U. S. Geol. Survey 15th Ann. Rept., p. 
477-650. 



86 GEOLOGY OF KIERNAN QUADRANGLE, MICHIGAN 

VanHise, C. R., and Bayley, W. S., 1897, The Marquette iron-bearing district of 
Michigan: U. S. Geol. Survey, Mon. 28. 

VanHise, C. R., and Leith, C. K., 1911, The geology of the Lake Superior region: 
U. S. Geol. Survey Mon. 52. 

Walker, F., 1940, Differentiation of the Palisades diabase, New Jersey: Geol. 
Soc. America Bull., v. 51, p. 1059-1106. 

Washington, H. S., 1917, Chernical analyses of igneous rocks ... : U. S. Geol. 
Survey Prof. Paper 99. 

Wiseman, J. D. H., 1934, The central and south-west Highland epidiorites: Geol. 
Soc. London Quart. Jour., v. 90, p. 354-417. 



INDEX 

Page Page 
Abstract_ __________ --------------------_______ 1-3 Greenstone _______________________ 41, 43, 47-49,63-66 
Accessibility of area__________________________ 6 Groveland formation_________________________ 11 
Acknowledgments____________________________ 10 
Aeromagnetic survey _________________________ 76-77 

Age relations _________ 26-28, 34-35, 39-40, 55-57, 58, 66 

Hematite __________________________________ 37, 38,83 
Hemlock formation __________________ ~-_______ 11, 

Agglomerate __________________________________ 41,48 13, 15, 16, 27, 34, 40, 41-57, 61, 81, 82 
Albite _____________________________________ 24, 25,53 Hemlock gree.nstone_ _ _ _ _ _ __ _ __ _ _ __ _ ___ __ _ _ _ __ 41 

Amasa ovaL _____________ 11, 15, 16, 34, 40, 55,69-70,82 Hemlock River_______________________________ 41 

Amphibolite __________________________________ 20,22 History, geologic _____________________________ 81-82 

Anomalies, magnetic _________________________ 79-81 Hornblende __ -------- 16, 18, 22, 43, 47, 49, 50, 61, 62,84 
Anticlines ______________________________ 28, 69, 73-76 Huronian series_______________________________ 11 

Apatite-------------------------------------- 61 
"Archean oval"------------------------------ 15 Ilmenite ____ ---------------------------------- 61 
Area covered by report_______________________ 3-6 Introduction ___ ------------------------------ 3-13 
Arkose _______________________________________ 

32
_
33 

Intrusive rocks _______________________________ 60--69 
Iron ore ___________________________________ 82, 83, R4 

Banded gneiss ________________________________ 20-22 
Biotite_-------------- 18, 20, 22, 33, 47, 49, 50, 55, 61,67 Jaspilite_ ---- -------------------------------- 35 

Butler Lake _________________________________ 74, 75 Kaolinite ____________________________________ _ 43 

Cambrian rocks_ _ __ ______________ ________ ___ 69 Keweenawan _____________________________ 13, 69,82 
Chert__________ _ _____________ 

35
, 
36

_
37

, 
38

, 
55

,
83 

Kiernan junction_____________________________ 60 

Chlorite ___ ----------- 16, 22, 33, 34, 43, 47, 49, 50, 55,63 ~iernan sills ________ -------------------------- 60-63 

Clinozoisite _____________________________ 22, 43, 49,61 Labradonte_ _ __________ _ __ ____ ____ ____ _______ 68 
Crystal Falls City____________________________ 3 Lake Mary quadrangle ______________ 55,61, 72,83,84 

Diabase. _________________________________ --"-- 68-69 
Dickinson group______________________________ 26 
Dikes ___ ------" _____________________ 13, 66, 68, 70,82 
Doane exploration ______________________ c _____ E8, 84 
Dolomite ___________________ 27, 28,29-32,33,54, 74,75 

Laths, feldspar.______________________________ 68 
Leucoxene _________________________________ 51, 55,66 
Literature cited ______________________________ 84-86 
Location of area______________________________ 3-6 
Lower Precambrian rocks ____________________ 18-28 

silicified ____________________________________ 28,34 
Drainage_____________________________________ 6-9 

Drill holes_ ---------------------------------- 74-75 
Drilling ______________ 10,27-28, 33, 37, 54, 72-73,83,84 

Magnetic green schist.______________ 13, 27-28, 81, 84 
Magnetic quartzite ___________________________ 39,40 

Magnetic surveys ______ ---------------------- 76-81 
Magnetite ________________________ 37-38, 51, 61, 83,84 

Economic geology_--------------------------- 82-84 
Epidote _____________________________ 43, 49, 50, 51,61 
Erosion _______________________________________ 58,82 

Exploration__________________________________ 83 
Feldspar ___________________ 20, 26, 32, 51, 53, 55, 68, 69 
Felsite________________________________________ 51 
Fence River _________________________________ 7, 9, 33 
Fence River formation ______________ 13, 15, 57-58,84 

Magnetometer________________________________ 77 
Mansfield slate _________________________ 11, 12, 33,55 
Mapping, geologic____________________________ · 9 
Maps, geologic _________________________ 12, 13, pl. 1 
Margeson Creek______________________________ 9 
Margeson Creek gneiss_______________________ 13, 

18-20, 22, 25, 26, 27, 35, 70, 81 
Marquette trough____________________________ 10 
Martite ___ -------------- _________ __ ______ ____ 33 

Garnet_ _______________________________________ 18,84 Meta-andesite _______________________________ - 47 

Geologic work, previous ______________________ 11-13 Metabasalt ___________________________________ 42-48 

Glacial features ________ _____ _ ____ ___ _ ________ 6-7 amygdaloidaL __ --------------------------- 47 
Goodrich mine_______________________________ 35 Metacrysts__ ___ _ _ _ _ ___ __ _ _ _ _ _ ___ _ _ __ ____ _ _ __ _ 20 

Goodrich quartzite ____________ 13,35-40,74, 75, 83-84 Metadiabase ___________________________ 60, 61, 63,66 

Granitic rocks ________________________________ 22-27 Metagabbro ____________________________ 60, 61, 63, 66 

Granodiorite.________________________________ 22 carbonate-rich ______________________________ 63, 66 
Granophyre __________________________________ 62-63 pegmatitic_____ ___ _ __ _ _ _ ___ _ __ _ __ _ _ __ _ _ ___ __ 62 
Graywacke ________________________________ 34, 41,55 Metamorphism _________________________ 16-18, 42, 48 

87 



88 INDEX 

Page 

Metapyroxenite __ ---------------------------- 62 
Metarhyolite ________________________ 35, 41,51-54,56 

Metasomatism ___ ---------------------------- 26 
Methods, field________________________________ 9 

laboratory__________________________________ 10 

Michigamme Falls power dam_______________ 6 
Michigamme formation______________________ 59 

Michigamme Mountain ______________ 6, 9,35, 37,39, 

40, 41, 56, 63, 73-76 

Michigamme River_------------------------- 7, 33 
Michigamme slate ______________________ 11, 13, 15,59 

Michigan Department of Conservation_______ 76 
Microcline ______________________________ 20,22-24,53 

Middle Precambrian rocks ___________________ 28-59 
Migmatite_ _ ________ _______ ________ ____ ______ 20 

Mylonitized granitic rock____________________ 26 

Negaunee iron-formation __________________ 12, 13, 15, 

35, 37, 39, 40, 57, 81 
Noyes Creek_________________________________ 9 

Oligoclase____________________________________ 22 
Oolites_______________________________________ 29 
Orthoclase _________________________________ 20, 24,53 

Paragonite___________________________________ 20 
Peneplanation________________________________ 82 
Perthite ________________________________ 20,24-25,62 

Petrographic descriptions_____________________ 10 
Pine Creek area______________________________ 35 
Plagioclase ________________________________ 20, 22, 23, 

43, 47, 50, 61, 62, 66 
Porphyroblasts _________________________ 50, 59, 63,84 

Primary minerals ______ ---------------------- 68-69 
Pyroxene _____________ ------------------------ 47, 

61, 62, 68, 69 

RelieL _________ ------------------------------

Page 

6 
40 Republic trough_ ----------------------- ____ _ 

Reservoir, Michigamme 6, 9, 41,75 

Sagola basin__________________________________ 3, 42 
Sandstone ____________________________________ 69,82 

Schist, magnetic green __________________ 13, 27, 81,84 

Schists ___ --------------------- _________ 20, 22, 27,33 
biotite- hornblende- and epidote-bearing ____ 49-51 

Scottish Highlands ___________________________ 16,42 
Sericite __________________________ 16, 20, 23, 26, 32, 33, 

43, 49, 51, 53, 55, 67, 68 
Sheridan HilL_______________________________ 34 

Sholdeis-Doane area__________________________ 56 

Sholdeis exploration ______________ 18, 40, 56, 57, 58,84 
Sills ____________________________________ 60-63, 66, 68 
Slate ___________________________________ 33, 41, 55, 76 

Southeastern green schist uplift ____________ 28,72-73 

Stratigraphy ___________ ---------------------- 13-15 
Streams.----------------_____________________ 7, 9 
Structure ______________________________ 15-16, 69-76 

Sturgeon quartzite ________________________ 11, 33, 3E 
Superior ice lobe______________________________ 7 
Swamps____________________________________ 7, 9 
Synclines___________________________________ 75,76 

Terminal moraine__________________________ 6-7 
Terminology, stratigraphic_________________ 10-11 
TilL _____________________ ----------------___ 6-7 
Tonalite____________________________________ 18 
Topography________________________________ 6-9 
Trachyte___________________________________ 68 
TufL______________________________________ 41,48 

Turner area __ -----------------_____________ 35 

Unconformity______________________________ 11, 82 

Quartz ________________________ 20, 22, 25, 26, 29, 34, 38, Volcanism _________________________________ -42, 81-82 

43, 49, 50,51-53,55,66,67 Vulcan iron-formation______________________ 12 
Quartz porphyry _____________________________ 66-67 

Quartzites, feldspathic and dolomitic_________ 32 Way Dam_-------------------------------- 7, 9 
Wisconsin age______________________________ 7 

Rand ville dolomite_------------- 11, 13,15-16,26,27, 
28-35,39,41,63, 68, 72, 76,81 Zolsite __________________ -------------------- 22 

U. S. GOVERNMENT PRINTING OFFICE: 1911 






