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Vermilion River, a few mi les southwest of Crane Lake appears to 
cut it s gorge through th e mica schist following softer beds and avoiding 
the granite intrusives. 
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PREFACE 

This bulletin treats the geology and mineral deposits of a large area 
111 northern St. Louis County, extending northward to the Canadian 
boundary. It lies north of the Mesabi iron range and includes most of 
the Vermilion iron range. It lies south of the Rainy Lake area of 
Canada. Because it adjoins the world's greatest iron-producing area it 
has been the subject of much interest to explorers and prospectors seek
ing new deposits of iron ore and parts of the area have been surveyed 
by the United States Geological Survey and the earlier Minnesota state 
surveys. Much of the area, however, had not been surveyed in detail. 

The district for the most part is heavily forested or cut over timber 
land and much of it is not providecL with roadways. The work was done 
mainly by canoe and many of the camps were necessarily at places where 
supplies had to be carried in pack sacks. With these conditions it is not 
surprising that certain parts of the area were little known. One who has 
not traveled the brush area of the north woods can hardly appreciate the 
amount of labor involved in mapping such an area. 

The work was begun in I9I9 with Dr. F. F. Grout in charge and 
Ivlr. Stanwood Johnston, chief assistant. Mr. Johnston served two sea
sons and on account of his industry, his willingness, and his clear under
standing of the problem, contributed largely to the results of the survey. 
His sad death in I922 at the threshold of his career is a distinct loss to 
the science of geology, as well as a deep felt personal loss to all who 
were associated with him in the field. 

The report includes a general map of the area (Plate I) several 
detailed maps of small areas of economic interest and 88 township plats. 
These township plats are essentially outcrop maps and cover the entire 
area. approximately 2800 square miles. The officers of the survey regret 
that these maps could not be shown in colors. but the expense of printing 
so many maps in colors would have been prohibitive. 

Although the district includes the important mining centers of the 
Vermilion Range. no attempt has been made to remap the geology of 
these centers except in a few places where the magnetic work has been 
extended. The surface formations or drift deposits have been mapped 
recently by Dr. F. Leverett and Dr. F. \V. Sardeson and are described in 
Bulletin I3 of the Minnesota Geological Survey. 

The chief scientific results of the survey are the study of the .intrusives 
related to the great batholiths that invade(\ the schists ~111d greenstones in 
Algomian time. These granites and their differentiation products are the 
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central features of the district and although the ores connected with them, 
so far as they are discovered, seem to be relatively unimportant, the 
district offers one of the most attractive fields for petrographic study. 

The chief economic resources of the district are the sedimentary iron 
ores of the Vermilion Range. Other deposits include the iron-bearing 
pegmatites, which are widespread in and near the roofs of the granitic 
batholiths and which have been explored at many places, thus far without 
much prospect of developing a mine. Still other mineral resources include 
the quarries for greenstone or slate used for surfacing tar paper roofing. 
There are also small prospects of mica and asbestos. 

WILLIAM H. EMMONS 
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THE GEOLOGY AND MAGNETITE DEPOSITS OF 
NORTHERN ST. LOUIS COUNTY 

GENERAL T A TEMENT 

This bulletin describes an area in northern St. Louis County, north
east of Lake Superior, which heretofore has not been studied in detail , 
and of which only very general geologic maps are available. It lies 
between the better known areas of the Vermilion iron-bearing district 
and of Rainy Lake. 

\ , 
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Fig. I. Key map showing th e location of the nort hern S t. Louis County area, ]'1: illnesota, 
described in this report. 

The maj or feature is the Vermilion batholi th lying between the two 
distri cts mentioned. This mass of granite has certain unusual petro
graphic phases and has some economic interest on account of the occur
rence of magnetite bodies which a re widely exposed in the pegmatites 
near the roof . Slightly titani ferous magneti te also were segregated at 
an earli er stage near the south side of the batholith. 

The main granite, formerly classed as Lal1l'entian, is younger than 
the Lower-M iddle Huronian slates and altered them to mica schists. It 
is here referred to the 19omian. 

South of the Vermili on iron range, and near the south ern limit of the 
a rea mapped, lies the Gia:nts Range granite, another batholith . 
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The size, character, and origin of the magnetites are considered at 
length. The greenstones supply valuable material for felt roofing. Other 
deposits which possibly have economic value include those of asbestos, 
mica, and gold. There are also small masses of alkaline syenites, possibly 
related to the granites. One of them carries about 7 per cent potash in 
easily accessible locations. 
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PREVIOUS REPORTS 

THE \VOEK OF THE J\lINNESUTA GEOLOGICAL SUEVEY 

In r887 portions of the area were visited by Alexander Winchell, who 
showed in his report! that the granites were intruded into the older schists. 
N. H. Winchell in the same report described a transition from mica schist 
to granite which later led him to maintain that the granites were formed 
from melting of sediments. Active mining of iron ores began on the 
Vermilion Range in r884, and the geologists of the Survey kept closely 
in touch with developments and prospects.2 

In r886 and r888 the Survey geologists distinguished the "Vermilion 
schists" from the main Keewatin area, as the more highly crystalline 
group or series between the Keewatin and the underlying granites, which 
were supposed to be 01der. 3 The schists were thus equivalent to the 
series Lawson described as Coutchiching. Subsequently, in r889. 
N. H. Winchell found that these schists were not definitely older than 
Keewatin; nor ,vere they all of the same age. The granite had super
induced the crystallization on strata of different ages.' This conclusion 
is now generally accepted. 

In r889 N. H. Winchell reported granites of three different ages in 
the district, and suggested that the same stratigraphic term, Laurentian, 
should not be applied to the three." Spurr in r893 showed that the 
Giants Range granite is younger than the Lower Huronian and l1ence 
is to be distinguished from the area of Laurentian." In r895 a map of 
the Rainy Lake gold region by H. V. Vvinchell and U. S. Grant was 
issued showing Coutchiching schists, as described by Lawson.' 

In the "Final Report." the work was summarized and restated with 
a few changes. s The Keewatin of the state survey included, even in 
the final reports, not only the Ely greenstone and Soudan formation, but 
the Ogishke (or Stuntz) conglomerate and the Knife Lake slate, classed 
as Upper Keewatin. The conglomerate was studied in detail. 

1 \Vinchell, Alexander. 1\.finn. Ceo!. and ="Jat. Hist. Slln'cy Ann. Rept. for 1886, yoi. I:;, 

p. 36 et seq., 1887· 

'Ibid., vol. 13. pp. oS, 35, 1885. 

3 Ibid., vol. 17, p. 3 I. 1389 .. 

4 Ibid., vol. 17. p. 67, ,839. 

G Ibid., vol. 17. pp. 27'3', ,839. 

G Ibid., vol. 22, "$'20, ,894· 

7 Ibid .• va!. 23. pp. 36"05, 1895. 

8 The reports which concern this ;1rea are: IvIi II 11. Ceo}. and N;)t. IIist. Sllrn:-y Final Report, 
vol. 4, chs. 10 and 29, and Plates (,7 and 86; and 111any of the petrographic descriptions in 

volume 5· 



PREVIOUS' REPORTS s 

The surface formations have recently ueen mapped by Leverett and 
Sardeson.!I 

TIlE \VOl\I( OF LAWSON A~D CANADlA~ GEOLOGISTS 

Dr. A. C. Lawson, in 1885-86-87, ~tudied the region around Rainy 
Lake and in 1889 published a report describing as the Coutchiching 
formation a mica schist of sedimentary origin, supposedly below the 
Keewatin which is of dominantly igneous origin."') 

Barlow in 1890 showed that some Laurentian gneisses are truly 
igneous rocks, not sediments altered in place; also that they intrude the 
".Huronian." 11 

Lawson's work was questioned, and in 1913 he published a restudy 
of the area, maintaining that there are a few hundred feet of sedimentary 
schist below a green schist. In the Rice BelY area the evidence of the 
sequence of formations and their position is reinforced by the distribu
tion of outcrops around a central granite dome, and the structure is 
probably correctly shownY Since the base of the series, however, is 
lost in the intrusiye granite, the present \\Titer believes that the whole 
formation on Rice Bay may be assigned to a position within the green
stone, the sedimentary portion being perhaps 500 feet thick. (See page 
9 and pages 26-2 7.) 

Lawson also proposed to restrict the term Laurentian to the pre
Huronian granites amI gneisses. Finding even more abundant granites 
of later age he proposed the term Algoman for granites following the 
"Seine series" of the Huronian. 

THE WORK OF THE UNITED STATES GEOLOGICAL SURVEY 

In 1903, after several seasons' work, the United States Geological 
Survey issued lVIonograph 45, on the Vermilion districtY This first gave 
the succession and correlation now used with only minor modifications. 
The formations were described in great detail as to their character and 
relations to each other. Only a few changes are necessary as a result of 
later work. In 191 I the summary monograph on the Lake Superior 
region 14 reviewed the work on both the Vermilion and Rainy Lake areas. 

o lvlinnesob. Geo!. SurVt:y Bull. I3. 1917. 

10 Lawson, A. C., On the geology of the Rainy Lake region: CeoI. and Nat. Rist. Survey 
of Canada Ann. Rept .. vol. 3, part I-F, 1889. 

11 Barlow .. A. E., On the contact of the Huronian J.nd Laurentian: Amer. GeoL, vol. 6, pp. 
19-32, 1890 , 

12 Lawson, A. C., The ArcheJ.l1 geology of Rainy Lake restudied: C::mo.da Bept. of Mines, 
Geological Sun'ey, :i\Iemoil" .+0, 19 13. 

13 Clements, J. 1\[, The Vermilion iron-be.:ll"lng district: U. S. Geo!. Survey ]\{011. 45, 19 0 3. 

11 Van lIisl', C. R., and Leith, C. K., The geology of the Lake Superior region: U. S. 
Geol. Su[yey 1\1011, 52, 19II. 
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The United States Survey report recognized no Coutchiching forma
tion in the sense in which Lawson named it; and did not give any 
prominence to the batholithic eruptions of Algomian time as compared 
to those of Laurentian time. They clearly showed the nature of the 
contact zone of schists near the granites and agreed that the alteration 
of the greenstone always gives an amphibole-bearing schist, while the 
biotite schists are characteristic of altered sediments and the mixed 
hornblende-biotite schists may result from either. The biotite schists 
on the northern side of the Vermilion Range, however, were mapped 
in their reports as Ely greenstone. 



GEOGRAPHY AND DRAINAGE 

The area in north St. Louis County is divided, after the manner of 
the early survey work, into two parts. Southwest from Vermilion and 
Pelican lakes the glacial drift is abundant and rock outcrops are few. 
The surface is gently rolling. Lake.; are small and relatively few, but 
muskeg swamps are characteristic. North and east of this area the 
region is characterized by rock knobs, separated by lakes and swamps, 
with very little soil or drift. The topography of this region is very 
much influenced by the nature of bed rock. Hills are c01111110nly found 
to consist of granite or greenstone. while val1eys and elongated lakes 
mark the areas of slate and softer schists; but there are notable excep
tions to the rule, for lakes are abundant everywhere. The whole is 
relatively plane, for the hills rarely rise much over 100 feet above the 
lakes. There are a few monadnocks above the general peneplain. Eleva
tions above sea level range from nearly 1700 feet at the southeast, to about 
1175 feet at the northwest. Very little of the area has been mapped 
topographically, but the State Drainage Commission has studied the water 
power sites (see Economic Geology section), and there are unpublished 
con!our maps of the northern border, by the International Boundary 
Commission. 

The whole area. except a few square miles southeast of Tower. drains 
\1orthward into the boundary waters. thence through Rainy Lake and 
Rainy River toward Hudson Bay. The chief stream centrally placed in 
the area. is the Vermilion River. flowing north from \' ennilion Lake to 
Crane Lake near the boundary. This receives tributaries from Pelican 
Lake and many smal1er bodies. Along both the eastern and western sides 
the drainage is to the outside of the area, but there are no large lakes to 
be drained except Burntside and Long lakes on the east. This water 
flows northeast but ultimately fol1ows the boundary back to Rainy Lake. 



GENERAL GEOLOGY 

(See Plate 1.) 

The stratigraphic succession of rocks in northern St. Louis County 
IS as follows, in descending order: 

Quaternary system 
Pleistocene series ................ Dri ft and lake beds 

( Unconformity) 
Algonkian system 

rDuluth gabbro 
Keweenawan series .............. i 

L Diabase intrusives 

(Unconformity) Intrusive contact in this district 

rVirginia slate 
Upper Huronian senes 

(Animikian) 
(Unconformity) 

.... 'i 

Algomian series 

Lower-Middle Huronian senes 
(Seine series) 

(Unconformity) 
Archean system 

L Biwabik formation, iron-bearing 

rVermilion granite, Linden 
, Acid and basic intrusives, 

syenite, 

L Giants Range granite, etc. 

r 1 
I Knife Lake slate I Mica schists 
i Agawa formation, iron- derived from 
I bearing the series 
L Qgishke conglomerate 

Laurentian series ................ Small intrusions 
rSoudan formation, jaspilite 

Keewatin series ................. i Ely greenstone and green schists mostly de
L rived from basic igneous surface rocks 



ARCHEAN SYSTEM 

THE COUTCHICHING PEOBLEM 

Lawson gave the name Coutchiching to schists older than the Kee
watin, and as such it may have been correctly applied in the Rice Bay 
area of Rainy Lake. 1 

Of the very extensive biotite schist areas in St. Louis 
small part could possibly be assigned to pre-Keewatin age. 
these small areas is essentially like the biotite schist of 

County only a 
The schist of 

Lower-:.'.1iddle 
Huronian age. No formation in the state has been definitely proved older 
than the Ely greenstone, but there are a few mica schist pebbles in the 
basal Huronian conglomerate and a number of outcrops so isolated that 
their age may not be determined except by analogy. The formation 
is omitted from the tabular list because its existence is uncertain." 

KEEWA TIN SERIES 

THE ELY GREENSTONE 

The Ely greenstone forms an irregular belt, about 5 to 10 miles "lvide. 
extending east anc! west across the southern part of the area shown. and 
many miles beyond in both directions. It is the chief formation of the 
Vermilion Range area, lying between two granite batholiths, and covered 
in part by infolded later sediments. In the eastern part of the county, 
outcrops are numerous and the belt can be easily traced. ,'Vest of Tower, 
outcrops are less numerous and the boundaries more roughly estimated. 
The folds appear to plunge more deeply under Huronian slates and to 
reappear in smaller areas. 

In the extreme northwest corner of the county. one of the islancls in 
Rainy Lake consists of green schist forming part of another belt north 
of the granite, and extending into Koochiching County. The maps of 
the United States Geological Survey, as well as those of the state survey. 
show too much greenstone. because various other green formations were 
shown as Keewatin. 

The sttucture of the belt of Ely greenstone has been determinecl at 
most places only in a rough way. A massive formation, rendered schist
ose by batholithic injection. contains little to guide one in determining the 
nature of folds. The associated beds of slate and jasper, and the occa
sional amygdaloidal bands may supply evidence of strncttire.; where 

1 Lawson, A. C. On the geology of the Rainy Lake l-egioll: GeoI. and Nat. lEst. Snr\'ey of 
C:1na(b. Ann. Rept. vol. 3, p;trt I F., 1889. 

~ Grout, Fr;tnk 1"., The COl1tchiching prohlem: D1l1l. Gen1. ~()C. AmeL, \'01. 3(" pp. 351-6--1-, 
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mapped ,vith sufficient detail. These and the occurrence of the batho
liths on each side indicate the general synclinal nature of the belt. In 
the granite there are a few small belts that may represent roof pendants 
of Ely greenstune-uther synclines, now almost removed by erosion. 

The formation has recently been described in detail by Dr. G. M. 
Schwartz, who reviews earlier descriptions. 3 As the name implies, the 
rocks are nearly everywhere green. The textural varieties, however, are 
llumerous-massive, schistose, slaty, fragmental, spherulitic, porphyritic, 
amygdaloidal, and even granitoid and diabasic varieties occur. (See 
Plate II A, B, C, and D.) It is characteristic that nearly every large 
exposure or group of exposures, shows some trace of ellipsoidal or pillow 
structure; in the more schistose modifications the ellipsoids are of course 
obscure, but they may be recognized if sought for. This general ellip
soidal character is commonly taken as evidence that much of the 
greenstone solidified in bodies of water. 

Parts of the area mapped as greenstone consist of basic intrusives of 
later age than the main mass. Even these, however, are altered much like 
the lava flows and can be distinguished only with difficulty. The pos
sibility must be recognized that some Hurionian intrusions may have been 
mapped as Keewatin_ Some later Keweenawan intrusives, however, are 
much less altered and more easily distinguished from Ely greens~one. 

The original minerals of the greenstone were apparently those of 
intermediate and basic lava flows and tuffs, with possibly tuffaceous sedi
ments: plagioclase, augite, hornblende, titaniferous magnetite, olivine, 
apatite, and possibly at some places quartz. Regional metamorphism 
has destroyed most of the primary material, leaving some plagioclase 
and the textural pseudomorphs that often indicate quite clearly the nature 
of the original minerals. 

The minerals now present in the average and typical greenstone are 
largely secondary. In order of abundance they are: plagioclase, chlorite, 
hornblende, epidote, calcite, magnetite; of lesser importance are quartz, 
leucoxene, actinolite, augite, sericite, kaolin, pyrite, limonite; in places 
there are small amounts of zoisite, biotite, bronzite, talc, apatite, ilmenite, 
titanite, and perovskite. The various specimens cliffer a good deal but in 
most of them there are notable amounts of carbonate, quartz, and chlorite. 

:'. Schwartz, C. 1\ I. , Granite and gahbro intrusions on Ely greenstone: Jour. Geol., vol. 32 , 

pp. 89-I38, 192-+. 







PLATE II 

A B 

c D 

E F 

Microphotographs of Ely greenstone and Knife Lake slates. A and B. Ely greenstone 
with only regional metamorphism i magnification x 40. C and D. Ely greenstone altered by 
co ntact action of granite magma; magnification x 43. E. Knife Lake slate and graywacke; mag
nification x 43. F. Knife Lake biotite schi st, altereu by contact action of granite magma; 
magnification x 43. 
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Analyses of the greenstones of considerable variety are gIven 111 

Table I. 
TABLE I 

AlIai:yscs of Ely Gree1lstolle 

II III IV V VI I VII VIn IX 

I 

SiO, 
--1---

. . . . . . . 51.73 51.95 60.61 52.94 43.96 50-47 49.651 52-46 , 48.0 1 . 
Al,O, ...... 15.28 12.58 16.61 14·70 16.03 18-48 16.36 , 16·77 8.34 
F,03 3-41 ·90 1.97 2·52 

, 
IO·50 2.13 4·39 : 3.92 2.29 

FeO 7.30 8·77 5.09 7·80 8·74 7·74 7·19 5-44 IO.85 
MgO 6.72 8·90 3. 10 4-49 6.56 6.90 8.00 i 5.20 16.84 
CaO ....... 9-40 7·00 4-46 6·56 9·54 6.61 9.18 6.23 9·86 
Na,O ...... 3.83 2·79 3·1I 3·09 1.62 2.58 2-49 2.58 .98 
K,O ....... .76 1.38 .25 .04 .27 ·30 1.17 1.39 .37 
H,O+ 2.86 2.67 2-45 2.04 1.84 2·34 2·39 -40 
H,O- ..... .00 .14 3.28 .IO 
TiO, .78 1.03 -45 -46 
P,O, ....... .16 .12 

CO, ........ 1.02 1.57 ..(.86 2.14 none 
Cr,O, ...... .17 .22 

S .......... . I I *.02 
MnO . I 5 .15 .25 
NiO ....... • ••• I 

---1--- , 
I02.22 99.22 99. 22 99·04 99.06 97·52 ; 100.821 100.00 99·II 

1. Average of three phases of greenstone at Ely. Analyst. S. Darling. 
II. Ely greenstone from Pine Island, Lake Vermilion. Analyst, S. Darling. 

III. Interior of ellipsoid, Ely. Min". Gectl. SUITey, Twenty·third Annual Report, p. 204. 

Analyst, C. F. Sidener. 
IV. Tuffaceous greenstone, south shore Long Lake. 1111~1'ln. Ceol. Su,r'l.'cy, Twenty-third Annual 

Report, p. 204. Analyst, C. F. Sidener. 
V. Greenstone (Tuff), KawasachonK Falls. JJlinn. Ceol. S1tf'l'CY, Nineteenth An/'l11al Report, 

p. 126. Analyst. C. F. Sidener. 
VI. Greenstone, N\V. -3 Sec. 4, T. 63 N., R. 9 W. J1Iinn. Ceol. Survey, NI:n.ctecnth Annual 

Report, p. 123. Analyst, C. F. Sidener. 
VII. Greenstone, N\V. ,f S\V. i Sec. 17, T. 65 N., R. 5 W. Minn. Geol. SUrt'cy, Final 

Report, Vol. V, p. 519. Analysts, Dodge and Sidener. 
VIII. Average of basic Keewatin rocks from Lake Superior region. Zapffe, Eean. Ceol., 

Vol. VII, p. Q.9. Sum is in error in original. Probably water is combined water. 
IX. Greenstone altered by granite. Nearly all hornblende. Near:} Cor. Sec. 20 ::l11d 21, 

T. 65 N.,. R. 4 'vV. Analysts, F. F. Grout and R. "lvV. Gannett. 

* In Analysis IX FeSo (.02%) is reported instead of Sulphur. 

The effect of large igneous intrusions on the greenstone has been 
noted by most of the geologists who have visited the region, but there 
has been no little confusion in the descriptions. The greenstone and 
later sediments both yield schistose and granular contact rocks, but certain 
clear exposures are available as a key to the origin of others. In this 
area there is no contact action of gabbro on the greenstone, hut the 
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effects of the Vermilion and Giants Range granites may be traced for 
many rods from the contact .. Dr. G. M. Schwartz has recently made a 
careful study of this effect. A hornblende rock is found in each case 
replacing the chloritic original. In many cases the structure is schistose, 
but in others, the rocks are massive. Feldspars are freshened and clear 
of inclusions, and other constituents are little affected. Normally the 
contact rock fades out into typical chloritic greenstone, at a distance of 
a quarter to a half mile from the granite, but the extent of the alteration 
may be greater or less. An analysis (No. IX of Table I), of one of the 
altered rocks which contained only .55 per cent magnetite and the 
remainder of which was hornblende, shows that practically all the con
stituents of the normal greenstone can be combined to make hornblende. 

Inclusions of the greenstone in the granite of both the Giants Range 
and the Vermilion batholith, are metamorphosed to form coarse horn
blendites. A breccia of such inclusions in granite near 'White Iron Lake 
is described by Schwartz.4 At places (for example at the outlet of Crane 
Lake, and northeast of Johnson Lake, and near Ash River Falls) nu
merous hornblendite inclusions in granite have been pervasively soaked 
with granite, showing a great change in composition, but retaining the 
forms of inclusions. 

THE SOUDAN FORMATION 

The Soudan formation is enclosed in. or lies near, the top of the Ely 
greenstone, and it furnishes the chief economic interest in the Vermilion 
Range. It is treated in detail in the monographs on the range, and may 
be passed over briefly here. The typical rock is a banded jasper and 
iron oxide, either black or red, called jaspilite. Recent work has shown 
that the chert contains structures resembling algae. This first discovery 
of fossils in the Archean was in a rock from north of Armstrong Lake." 
The value of the formation as a source of iron is mentioned in the section 
on Economic Geology. 

The area of the iron-bearing formation is small as compared with 
that of the Ely greenstone. It has much the same general distribution. 
but little is found west of the center of Vermilion Lake. In the synclines 
of greenstone, the center may be found to be jaspilite; or if the center is 
Huronian, the jaspilite may lie between the main greenstone and 
Huronian rocks. The folding, however, is very complex, and the forma
tion in many places is broken. Probably it ,,,,as not originally continuous; 
some of it was in lenses alternating with the greenstone. • 

• Gp. cit. 
G GnUll.:r, J. \V., Discovery of life in the Archean: Jonr. Geo!., vol. 33, p. 151, 1925. 
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The detailed mapping of the Soudan formation, largely done in con
nection with the United States Geological SUl,",e)1 lVlonograph 45, has been 
slightly extended in the present work (See reports on T. 62 N., R. 14 
W.; T. 62 N., R. 16 W.; and T. 63 N .• R. 15 W.) 

LAURENTlA:'-J INTRUSIVES 

There are probably several areas of Laurentian granite gneiss in the 
great area of Vermilion granite, as for example at Horse Lake a little 
east of the county line; and northwest of Burntside Lake. The outcrops 
at these places are highly gneissic, and are intruded by the Vermilion 
granite. They are so small, however. and so closely resemble the gneisses 
derived from lit-par-lit injection of sediments that no areas have been 
distinguished in mapping. The certainty that two granites occur in this 
area and that a considerable time interval elapsed between them was 
shown by some sketches by N. H. Winchel1. 6 An area illustrating this 
relation even more clearly is exposed northeast of Avis Island of Ver
milion Lake in Sec. 24. T. 63 N., R. 17 W. (See Fig. 3, page 31.) While 
the main mass of the schist is cut by granite and pegmatite of apparently 
Algomian age, there is an earlier basic dike that is itself younger than a 
granite that intrudes the schist !ii-par-lit and in dikes. These granites 
might be assumed to be phases of one great batholith if it was not for 
the basic dike which shows a radical change of magma between the 
periods of the two granites. Possibly some of the older gneiss is 
Laurentian. 

Many granite, rhyolite, porphyry. and felsite dikes are intruded into 
the Ely greenstone and into the Soudan formation. Some of these may 
be Huronian in age. since similar dikes intrude the Knife Lake slates; 
but it is certain that a large number are pre-Huronian. for they furnish 
abundant pebbles for the conglomerate at the base of the Huronian. Such 
a conglomerate outcrops around Stuntz Bay in Vermilion Lake. 

Some of the smaller intrusives are dynamically metamorphosed to a 
sericite schist which forms a striking contrast with the chloritic and 
hornblende schists derived from the greenstone. 

There is also in northern St. Louis County near Ely Island of Ver
milion Lake the area made classic for the occurrence of a fractured 
porphyry, supposedly Laurentian. which may easily be mistaken for 
a metamorphosed conglomerate-in other words. a pseudoconglomerate. 7 

(1 ?vIillJlesota Geol. and Nat. Rist. Survey Final Report, yo1. 4, p. 539. 

7 Smyth and Finlay. Trans. Amer. Inst. Min. Eng .• Oct. J 895. See also \VincheIl, N. H .. 
1\{illI1. Suryey Final Report, Y01. 4. pp. 525-37. 1900 . 
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LOWER-MIDDLE HURONIAN SERIES 

OGISHKE CONGLOlvIERA TE 

The Ogishke conglomerate has been mapped and described in detail 
in the Vermilion monograph. It need only be said here that the main 
areas are east of the county here mapped, and that in this county, all the 
outcrops seen are near the eastern side of Vermilion Lake where mapped 
by the United States Geological Survey. Few changes have been made 
in the maps as a result of further exploration. The "Seine" conglomerate 
described by Lawson from north and northwest of this county is appar
ently equivalent to the Ogishke, and is exposed in an altered green schist
ose condition on the islands in Rainy Lake at the northwest corner of 
the county. Petrographically the l'ock varies widely with the underlying 
formations. The alteration of the Ogishke conglomerate by the granite 
intrusions depends on the original nature of the pebhles. but large parts 
of the conglomerate have become mica schist with 0111y faint lenses to 
show the outlines of the deformed pebbles. 

One of the outcrops for which this region is celebrated is the con
glomerate on Stuntz Bay of Vermilion Lake. where at one place most of 
the pebbles and matrix are of granite. Alteration has so far recrystallized 
the rock that it has become a "recomposed granite," and it is difficult 
to distinguish it from a primary granite. 

Dynamic metamorphism has made sericite schist of parts of the con
glomerate where the pebbles consisted of granite or of an acid porphyry. 

AGAWA FORMATION 

The Agawa formation is iron bearing, and hence distinguished from 
the conformable beds above and below it, though of itself it is small and 
not at all continuous. In the few places where discovered, it is a layer with 
abundant carbonate or jasper, or both, in the Knife Lake slate, at or 
near the bottom. It probably has no economic value in St. Louis County. 
The Agawa beds have not previously been mapped in St. Louis County, 
but beginning IO miles east, have been followed by occasional outcrops 
into Canada. Small areas are exposed, however, at the northeast of 
Vermilion Lake, just east of Rice Bay. (See map of T. 63 N., R. IS 'N.) 
Clements mentions a ferruginous belt ill the slate near the east line of 
Sec. 4., T. 62 N., R. 13 W." The manganiferous cherty carbonate rocks 
east of Cook, in Sec. 3, T. 62 N., R. 18 \V., are also prol;ably to be 

lOp. cit,_, p. 332. 
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assigned to the Agawa. North of the Vermilion granite, iron-bearing 
rocks appear at this horizon in Koochiching Coul1ty and 111 Canada, but 
have not been seen in St. Louis County. 

KNIFE LAKE SLATE AND MICA SCHIST 

The Lower-lVIiddle Huronian slates, and the schists which seem to be 
del:ived from them by the action of granite intntsions, are the most 
extensive sediments in north St. Louis County. They are named from 
Knife Lake, a few miles east of the county, where exposures are numerous, 
while the large areas in this county are partly concealed under heavier 
drift. The slates lie conformably on the Ogishke conglomerate, or Agawa 
formation, and in this area are in contact with no later rocks except the 
intrusives and glacial drift. 

The slates and graywackes outcrop in the midst of the greenstone in 
narrow synclines extending from Ely to the eastern end of Vermilion 
Lake. The folding can be mapped at many good outcrops hut very 
little of the area has been studied in such detail. (See Plate IV, B.) 
Stntctures are judged roughly from the relations to adjoining forma
tions. South and west of Tower the slates spread widely and cover 
several townships. It is chiefly because of its wide extent without other 
in folded beds that it is assumed to be thousands of feet thiclc Scattered 
outcrops farther west show the continuation of the belt practically across 
St. Louis and Koochiching counties. 

The major part of the Knife Lake slate is made up oj alternating 
layers of light and dark gray sediments; the dark parts consisting of 
argillaceous and graphitic slate, the lighter approaching graywacke. The 
bands vary in thickness from a fraction of an inch to several feet, and 
the average hand specimen shows several such bands, especially if 
weathered. (See Plate IV, A.) More rarely there are layers that are 
cherty, pebbly, or tuffaceous; and of intermediate varieties. Some broacl 
zones near granite intrusives have been altered to biotite schists, still 
commonly retaining the appearance of alternating layers. Even the 
least altered slates show an orientation of grain by recrystallization, and 
the cleavage crosses the bedding. Most of the formation has a peculiarly 
complex network of silicified joints. (See Plat~ IV, C.) 

The slates contain a few coarse quartz and feldspar grains, and the 
graywackes contain perhaps 50 per cent of grains about .3 mm. across, in 
a microscopic'ally fine grained dark matrix, partly carbonaceous. The 
matrix is recrystallized, but the crystals are not larger than .02 mm. in 
typical slate, free fro111 contact action. Judging partly by analogy with the 
associated graywackes, the matrix probably consists largely of quartz, 



PLATE III 

A. Knife Lake slate on I sle of Pines , Vermilion Lake. Cleavage follows the bluff, and 
bedding weathers into relief as grooves running up to the left. 

B. Bedding in the biotite scbist on Vermilion River. The uniformity of dip for long 
distances even where intruded by the granite suggests a structure developed before granite intrusion. 
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feldspar, chlorite, and sericite, with some zoisite, carbonate, pyrite, graph
ite, and leucoxene. Possibly some is so little altered that kaolin remains. 
Occasional accessories include zircon, apatite, and tourmaline. Biotite 
is practically absent except as a product of igneous metamorphism. The 
fragments in the graywackes suggest that most of the formation is 
derived from porphyries with acid feldspars. (See Plate II, E and F.) 
The chemical nature of the rocks is shown in" Table II. 

lJletalllOrphisl71 of the Knife Lake slate.-The Nl1ife Lake slates have 
been much altered by igneous intrusion and the results vary with the 
nature of the igneous mass. In the area of north St. Louis County the 
granites are the only rocks that exerted much effect. The result of the 
granite intrusion is easily studied at several places, notably south of 
Tower along the Duluth and Iron Range Railway. Outcrops are not 
continuous, but the sequence is clear. Slate and graywacke bands alternate 
in each outcrop and there can be little doubt of the identity of the· 
formation throughout. 

The first Knife Lake slate, outcropping south of Tower, between 
mile posts 93 and 9-J., shows argillaceous dull surfaces. Within a mile 
south, the slate is more lustrous and may be classed as a phyllite, but 
still shows no mica to the naked eye. At mile post 89 the slaty phase 
has developed mica in recognizable flakes. At mile post 88 the flakes 
are coarser and the rock is a good example of biotite schist. Granite 
dikes appear in the schist near this post and increase in abundance to 
mile post 85 where the exposures show about equal parts of granite and 
schist. Most of the schist here is filled also with granite injections, 
lit-par-lit. At mile post 84, the crossing of Embarrass River exposes 
solid granite with few inclusions of any kind. The series thus extends 
over IO miles, from unaltered slate to solid granite, and the micaceous 
contact zone is about five miles wide. 

Other illustrations of the change from slate to biotite schist are 
found around the granite masses, east of this county, and Doctor Leith 
reports2 that south of the Giants Range the granite has a similar effect 
on Huronian slates. The occurrence is closely anal ago us to that described 
as long ago as r886 by Van Hise on the Gogebic Range a He showed 
that the slate and thoroughly crystalline mica schists must have had the 
same origin and discusses the sources of the magnesia, iron oxide, and 
free silica that appear in the schists. 

::! Persona1 communication . 

..'l Van Rise, C. R. t Upon the origin of the mica schists and black mica slates of the 
Penk()('"c,-r;ogebic iron heJring- series: Am. Jour. Sci.. vol. JI, p. 455, 1886. 
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Metamorphic rock derived from the slates is rarely hornblendic in 
appearance. Not five per cent of this area of schist contains any amphi
bole. This is noteworthy in view of the fact that the Ely greenstone 
under similar circumstances becomes hornblendic, and the Huronian 
sediments are derived, at least in part, fr0111 the erosion of the greenstone. 
The Ogishke conglomerate in places consists almost wholly of greenstone 
pebbles with little alteration. Nevertheless the Knife Lake formation 
seems to have derived enough material from the aluminous phases of 
the Archean, to yield biotite, in amounts far in excess of hornblende. 

An analysis of the schist formed frolll the Knife Lake slate is shown 
as IV in Table II beside analyses of the less altered slate. The changes 
are slight. 

TABLE II 

Analyses of the Xnife Lake Forlllatioll III jIillllesola 

SiO, 
Al,03 
Fe,O, 
FeO 
MgO 
CaO 
Na,O 
K,O ................ . 
H,O+ ........ . 
H,O- ......... . 
CO, ......... . 
TiO, ......... . 
ZrO, ................. . 
P,O, ................. . 
S .................. .. 
MnO 
BaO 
Cr,03 

Specific Gravity ....... . 

54·71 
20.5 2 

1.72 
6-40 

4·76 
1.93 
2.83 
2.68 

3·25 
.15 

.89 

99·84 
2.806 

II 

61.39 
16-97 

·39 
5.32 

3·84 
3.21 
2.78 
I.25 

2·44 
.06 
.88 
.62 

.07 

.19 

.15 

.12 

.06 
.01 

99·75 
2.72 5 

1. Knife Lake slate at Knife L:lke. AU;11yst, Frank F. Grout. 
II. Knife Lake graywacke at Knife Lake. Analyst, Frank F. GrouL 

III. Knife Lake slate. south of Tower. Analyst, Douglas 1\Ianuel. 

III 

63.88 

17·70 
3·02 
1.80 

3·72 
2·72 

1.78 

3·34 
.87 
.23 

·52 
trace 

.58 

.19 

.26 

100.61 

IV. Biotite schist near Yermilion DaIll. Analysts, Frank F. Grout and S. Darling, 

THE i\[1CA SCHIST 

IV 

63·04 
16-45 

1.32 

4.89 
5·04 
3. 17 
2'.62 

2·14 
.66 

.03 

·54 
.26 

trace 

.22 

100.38 

2·735 

GCl/craZ statclIlcllt.-The mica schist of north St. Louis County is 
one of the most widespread formations ill the area and has' furnishecl 
the subject of much discussion. It outcrops in large areas along Rainy, 
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Kabetogama, and N amekan lakes. Less extensive areas occur through 
the great area of Vermilion granite, and an almost continuous belt marks 
the southern boundary of that granite. 

The problem of correlation of the schists is complicated by the general 
convergence of several different formations to certain metamorphic types 
as they are affected by the proximity of the granites. It is clear, for 
example, that on Rainy Lake there are biotite schists derived fr0111 the 
Keewatin series, from Huronian sediments, and from Laurentian granite. 
The biotite schists of several sources are scarcely distinguishable in the 
hand specimen or thin section. There are also several green schists
from the Keewatin, from the Huronian conglomerate, from basic dikes 
in the Huronian, and from the green beds of Huronian slate. There 
are at least three formations yielding sericite schists; the Laurentian 
porphyries, the Ogishke conglomerate, and the Algomian porphyries. 
It is evident that the several formations have each a variety of phases 
and that a certain petrographic type is rarely conclusive evidence of the 
age of a formation. 

Field relatiolls.-The field relations of the schists have already been 
stated for the Knife Lake slate formation south of Tower. The larger 
areas are yet to be considered. 

The great mass of schist through Rainy, Kabetogama, and Namekan 
lakes is intruded on the south by the Vermilion granite and nearly every
where by pegmatite dikes, probably related to the same granite. North of 
this large area the formation contacts are largely concealed beneath the 
waters of the lakes. To the east in Canada and to the west in Koochich~ 
ing County, contacts are described by Lawson" as showing that the schist 
dips under the Ely greenstone, but no such structure has been found in 
l\i[innesota," and the beds Lawson saw are probably overturned. 

The schist south of the granite area is not as wide a belt, and manv 
critical contacts are concealed under the waters of the lakes. The granite 
clearly intrudes the schist, and is filled with inclusions of it. Since many 
outcrops contain about equal amounts of granite and schist the mapping 
of the contact is somewhat arbitrary. The biotite schist forms an almost 
continuous belt between the less altered formations of the Vermilion 
Range and the granite. No doubt this is the reason it has previously 
been interpreted as altered greenstone. 6 There are places, however, where 
granite cuts through the belt of mica schist into the greenstone, and the 

.J Lawson, A. C., The geology (jf Rainy Lake restudied: Canada Dept. :l\Iines, Geological 

Sun-ey .l\lemoir -1-0, 1913-

G Lawson's :-:yncIille on Dry Vleecl Island of RaillY Lake is not re:111y synclinal. Grout, F. F., 
The Coutchichillg problem: Geo!. Soc, America Dull., 19 2 5. 

G Clements, J. nI., The Vermilion iron-hearing district: U. S. Ceol. Survey ]\'1on. 45. 

Plate II, 1903. 
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alteration of the greenstone does not yield any rocks closely approaching 
mica schist in appearance. A few outcrops are chloritic, and as green 
as the greenstone, with the micaceous structure of the mica schist. These 
have been mapped as greenstone, where they show no signs of sedimentary 
bedding. 

In the midst of the granite area, schist inclusions are mapped as part 
of the granite, but roof pendants are considered schist in place; the 
distinction being based largely on the relative abundance of schist and 
the granite over considerable areas. Further than this, there was a 
strong tendency in the field to consider the outcrop as schist, with dikes 
in it, wherever a large area showed a uniformity in the strike and dip 
of the schist masses, even if the dikes constituted over 50 per cent of the 
,,,,hole. (See Plate III, B.) Notable schist masses, not formerly mapped, 
are those on Pelican River, on the south of Sand Point Lake, and on 
the channel by which Ash River reaches Kabetogama Lake. 

The importance of the schist areas in the granite is much more strongly 
emphasized by detailed work than by a reconnaissance. It is found that 
many ridges of outcropping granite have outcrops of schist along their 
sides, near water level in the lakes and swamps. The conclusion is 
inevitable that schist areas occupy the topographic depressions, and are 
therefore largely concealed. 

Pctrography.-The mica schist is a medium grained, brownish gray, 
easily cleaved biotite rock. The graywackes develop microscopic augen. 
Some other minor variations occur in small quantities. All show promi
nent biotite in grains rarely over I mm. in diameter-average about .3 mm. 
across and .05 mm. thick-and most of the biotite is moderately well 
oriented in a mosaic consisting of quartz and feldspar grains less than 
.5 111m. across. 

The schist shows a clearly sedimentary banding in nearly every large 
outcrop. The alternating beds from a fraction of an inch to several 
feet thick, vary mostly in the proportion of mica and quartz; the abun
dance of biotite in certain beds that must have been shale in the original, 
makes these beds darker than the graywacke bands. Bedding is also 
marked by the abundance and kind of il1etacrysts. Schistosity is more 
pronounced in the more biotitic bands, and can be seen to cross the bed
ding at many places at high angles. (See Plate III, A.) On the con
trary, the most siliceous bands with little biotite show only the prominent 
bedding unless careful search is made for the position of the few biotite 
scales. 



PLATE IV 

A. Sedimentary bedding ill the bio
tite schi st at th e "Hois t" in the south
west con -:.e r of Durntside Lake. 

B. F olds in the graywacke and bio
tite schist of the Knife Lake formation 
south east of Burntside Lake. 

C. Silicified joints which weather into ridges on nearl y all outcrops of the Knife Lake 
formation, whether s lat y or schistose. 
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In a large majority of outcrops the schist is composed of about 30 

per cent each of biotite, quartz, and feldspar. (See Plate II, F.) Addi
tional minerals include carbonate, muscovite, sericite, garnet; accessory 
zircon, apatite, pyrite, epidote, 'graphite; and in a few places magnetite, 
hornblende, cordierite, sillimanite, tourmaline, enstatite, staurolite, rutile, 
and chlorite. The rocks show very little weathering since scoured fresh 
by glaciation. By microscopic study the feldspars are found to be 
chiefly orthoclase and andesine, with some oligoclase. The biotite con
tains 17.60 per cent of FeO and .64 per cent Fe20 3: near Vermilion Lake, 
but the colors and indices of the several samples indicate different com
positions. The rare hornblende has been seen in some cases to be 
altering to biotite. Late hydrothermal action may change the metamor
phosed minerals partly to chlorite and sericite. The biotite is normally 
subhedral and includes only the rare accessories. Other constituents 
are dominantly in a mosaic of anhedral grains. 

The differences in mineral content in the schist samples seem to be 
related largely to the nature of the original beds, rather than to differences 
in the intensity of metamorphism. Metacrysts of staurolite, garnet, and 
cordjerite mark beds that alternate with more typical biotite schist. In 
o~~thin section, of fairly uniform grain, there are three beds, one char
ade'?ized by biotite, another by chlorite, and a third by sericite. \t\Thile 
tI,~ three. beds were in a zone of relatively feeble contact action, they 

. .}.11 in one thin section and it is unlikely that they were heated to 
dif£~rent temperatures or received different emanations. 

·:Certain portions of the schist are hornblendic. These, though small in 
proportion, were;! given special attention because the mica schists near the 
hornblendic green schist of the Ely greenstone were mapped by the 
Unit~ States Geological Survey as greenstone. Certain small inclu
SiOl~;;~~3H greenstone, or hornblende schist in granite, had narrow micaceous 
borders, but they did not look like the typical mica schist. The ordinary 
occurrence of hornblende schist, associated with the mica schist, was that 
of alternating beds or dikes. The presence of hornblende with or without 
biotite, appears to be a fairly definite sign of origin from a basic igneous 
rock (,;r local sediment deriving its material from such a basic rock. The 
minor~5}.mounts of hornblende found in the mica schist areas are in agree
ment with similar occurrences in adjacent parts of Canada.7 

The schist has been intruded by dikes and sheets of granite, pegma
tite, ~ nd aplite, and many outcrops are only about half schi"st. The 
diffic' fey of deciding whether or not schist dominates in an exposure is 

7 Smith, W. H. C., Geology of Hunters Island: Geo!. Survey of Canada Ann. Rept., vo!. 
5, G, pp. 48 G, 1892. 
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increased by the extensive I ii-par-lit inj ections from these dikes and 
sheets. The outcrop at a distance may appear about half light and half 
dark, whereas on close inspection the dark part proves to be largely made 
of injected films of granite, leaving only about one fourth of the mass to 
be regarded as original schist. 

Several exposures along blutl's in the mica schist area show a greenish 
modification resembling Ely greenstone. After detailed study it was 
concluded that they represented a chloritic alteration of the biotite along 
a fault plane. Certain brecciated materials associated with the green 
rock confirmed the conclusion. 

Analyses of the biotite schist are given in Table II though it is clear 
that no uniformity of composition can be expected in a formation that 
varies so much in mineral nature. However, most outcrops of the schist 
show as principal phases, light and dark bands, which have the appearance 
of a fair degree of uniformity. The analyses show that even the gray
wacke and slate phases differ but slightly and are very much like the tvvo 
main phases of the formation at Knife Lake. 

Origil1,-The appearance of sedimentary banding (Plate IV, A), is 
practically conclusive proof of sedimentary origin of most of the biotite 
schist. The banding has been obscured in considerable masses, however, 
by extreme metamorphism; and the microscopic study of the feldspars 
has led Steidtmann to suggest an igneous origin, possibly from a series 
of rhyolites. s His argument is based on the prevalent uniformity of the 
plagioclase in an igneous rock and the prevalent variability in the plagio
clases of a sediment. even after metamorphism. In this schist he found 
the plagioclase uniformly oligoclase, and he therefore thinks the petro
graphic evidence might open the question of its origin for discussion, 
even if the field evidence does seem to indicate a sediment. 

It seems probable that this feldspar criterion of origin is of great 
value in case of variation in the plagioclase in a schist; but that the 
contrary case, of uniform feldspars, leaves the matter wholly indeter
minate. Many large shale deposits are so nearly uniform as to -give 
uniform feldspars by metamorphism, and sllch uniform feldspars cannot 
be taken as evidence sufficient to contradict the positive structural evidence 
often found. 

As another theory of origin, \iVinchell has suggested that the mica 
schist is formed from greenstone by the alteration of hornblende to bio
tite by the action of granite. a This of course ignores the sedimentary 

s Steidtm.J.l111, Edward. Fel(hpars :ts indicators of origin: Hull. Geol. Soc. Americ;1, "01. 3 J 

pp. LP-44, 1919-
Carlson. C. G., The feldspar method for the determillation of the origin of metamorphic

rocks: Jour. Geol., yo1. 28, pp. 632. 

D IVinchell. N. H., i\Iinn. Gool. and Nat. Hist. Sur"ey J7th Ann. Rep!., p. 32, 1889. 
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banding, but the banding can be attributed to peculiar metamorphism. 
The change from hornblende to biotite in metamorphism is well known,'o 
but it seems wholly improbable that any great amount of mica schist 
formed that way in this region. In the first place banding is more 
extensively developed in the slate and, mica schist than in the greenstone; 
even if banding could develop by lit-par-lit injection, it would not become 
so fused and obscured in character by later metamorphism. (See Fig. 3.) 
In the second place, if the hornblende, commonly formed from greenstone, 
can" be changed to mica so extensively, it should have been changed in 
the little hornblende schist xenoliths which are at times associated with 
mica schist; they are in a perfectly analogous position and yet the horn
blende schist xenoliths rarely show any tendency to alter to biotite schist 
even on the borders.ll Finally when biotite and hornblende schist o~cur 
in the same inclusion, neither shows any sign of altering from the other, 
and neither has any different relation to the enclosing granite. It is 
therefore believed that the hornblendic phases represent beds of unusual 
composition in the original graywacke slate, or dikes of basic igneous 
rock, later metamorphosed. 

The presence of staurolite in widely scattered outcrops of the schist 
may also be considered strong evidence that most of it was orginally a 
sediment. 

Finally the chemical evidence confirms that seen in the minerals and 
field structures. (See Table II.) There is in the first place no resem
blance to the 'greenstone in composition. Furthermore, the alkalies are 
low for a rhyolite, the alumina is high, the magnesia is greater than lime, 
and the potash nearly equal to soda. These are all relationships that 
indicate sedimentary origin,'2 and make the evidence conclusive, even 
where banding is not conspicuous. Analysis IV was of the less banded 
type. There may be, however, many rhyolites, and certainly there are 
some basic intrusives in the schist formation. 

The schists that have been injected lit-par-lit by the granite, naturaliy 
show a composition intermediate between that of the granite and that of 
the sedimentary schist. They have not been analysed. 

The thickness of mica schist.-The folding makes it almost impossible 
to estimate the thickness of the schist. Several geologists after recon
naissance trips across the northern schist belt, have noted the evident 
structure. The dips change along certain lines like anticlines anel synclines. 

10 Van Hise, C. R., A treatise on metamorphism: lJ. ~. GeuI. Slll"yey 1\1011 . ..:J.7 .• 

11 I have seen zones of coarse Liotitc up to half an inch thick around J. few inclusions of 
hornblendic rock, but the resulting biotite rock is coarse and not like the l1'!ain mica schist. 

12 Trueman, J. D., Origin of foliated crystalline rocks: Jour. Geol., yol. 20, pp. 30r-I5, 19 12 . 
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On the basis of such appearances of folding, the thickness of the forma
tion is estimated at nearly five milesY A student of closely folded beds, 
however, will at once note that the supposedly uniformly dipping beds on 
one side of the supposed anticline, show folds and repetition of beds, so 
that the estimates made of thickness are wholly unreliable. It is the wide 
areal extent of the folded beds which is the strongest evidence that the 
formation attains great thickness-probably thousands of feet. 

Age and correlation.-The progress of past opinions is briefly out
lined here. The mica schist around Rainy Lake has been assigned to 
Coutchiching age by Dr. Lawson since 1888.14 From his main contention 
in this, the special committee for the Lake Superior region (interna
tional) dissented in 1905, finding it more likely Lower-Middle Huronian. l " 

vVinchell in 1899 placed the schists below the Keewatin greenstone in 
some maps of the Final Reports of the Minnesota SurveyY He states, 
however,17 that there is little probability that the Coutchiching schist at 
Rainy Lake is of the same age as the biotite schist at Vermilion Lake. 
Grant in the same volume uses the term Coutchiching with a note to say 
that its relation to the greenstone is not vvell known. ls In the same 
volume H. V. vVinchell and Grant give a tabular section showing Coutch
iching schists below KeewatinY The reports of the United State Geo
logical Survey up to 1911 show the schists as Lower-Middle Huronian. eo 

The granites which so clearly intrude the schists, however, are shown as 
Archean, Laurentian, without any explanatory phrase to show that it is 
a "Laurentian" of later age than the Huronian schist. 21 Lawson in 
1913, remapped the region of Rainy Lake and again placed the greater 
part of the schist area in the Coutchiching. 22 Various private reports 
refer to the schists as Coutchiching to distinguish them petrographically, 
but not on the basis of any careful study of the case. 

The southern belt of mica schist was mapped by Winchell in 1899 as 
!\rchean, in the map of north St. Louis County, but was shown above the 
greenstone in the detailed map of Vermilion Lake. 23 In the description 

1:1 Lawson. A. C., Geo1. SUr\"ey of Canada, Y01. 2, pp. 101-2 F, 1889. 

11 Gp. cit. 

1::; Jour. Geology, Y01. 13, p. 95, 1905. 

1G'vVinchell, N. H., Final Report, vol. 4, Plates 65 and 67. 

17 Ibid., p. 54!. 

J8Ibid., pp. 176'77. 

'"Ibid., p. 195 and Plate N. 

:XI Van I-lise and Leith, Geology of the Lake Superior Region: U.S. Geol. Survey Mon. 52. 

:!l The "explanatory phrase" was preferred by the special committee- wherever Laurentian 

was applied to Huroni:111 granite: Jour. Ceo1., vol. 13, p. 103· 

"Gp. cit. 
'" \Vinchell, N. H., Minn. Geol. and Nat. Hist. Survey Final Report, vol. 4, Plates 67 and 86. 
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of the Vermilion Lake plate, on which the several members of the survey 
did intensive work, the schist is described as the result of granite contact 
action on the Huronian slates, then included in the Keewatin. The maps 
of the Unitecl States Geological Survey in 1903 ignore these areas of 
mica schist previously mapped by the state survey, showing only that the 
Ely greenstone near the granite is altered to schist; though admitting that 
the greenstone forms a hornblende schist nearly everywhere that granite 
affects it. 

The schist areas in the midst of the granite have never been assigned 
to any stratigraphic position except by Seidtmann,24 who assigns them to 
the Coutchiching. They should be assigned the same age as that of the 
main areas of schist on each side of the granite, but they have not, even 
in this report, been completely mapped. They have no evident economic 
significance and have therefore been passed over rapidly. 

Every clear exposure studied in detail has indicated that the biotite 
schists here described are younger than Keewatin greenstone.25 They 
are therefore classed as Knife Lake formation and correlated with the 
Seine series on Rainy Lake. 

The evidence of the Huronian age of the mica schists makes the term 
Coutchiching inapplicable; and the term Vermilion as applied to a series 
of schists was abandoned because clearly not representing a single forma
tion. 26 No new name is needed for the rocks altered near igneous 
contacts, since in 'this district they are as easily distinguished as the 
unaltered Knife Lake slate. The mica schists are therefore included in 
the Knife Lake formation. 

ALGOMIAN SERIES 

INTRODUCTORY STATEMENT 

It is becoming every year more evident that the batholithic intrusion 
following some Huronian sedimentation was more widespread in area and 
involved greater volumes of magma in North America than that before 
Huronian time. This was clearly brought out in a paper by Coleman,t 
who thought that the two granites were too much alike to be separately 
mapped. Since the term Laurentian had been applied to granites of both 
periods, he argued that, if it was restricted at all, it should be retained 
for the larger masses of later age, and not for the less extensive earlier 

~~ Steidtmann, Edward, Feldspars as indicators of origin ('If gneisses and schists, Bull. GeoI. 
Soc. America, vol. 31, pp. I..J.3-44, 19~o. 

zr. Grout, Frank F., The Coutchiching problem: Bull. Geo1. SOC'. AmeL, Y01. 36: pp. 3S r-6-1, 
1925. 

!.'(l Grant, 1J. S., Field work during 1893 in northeastern Minnesota: 1\finn. Gee1. and Nat. 
His!. Survey Ann. Rep!. vol. 22, pp. 70-72, 1894. 

1 Coleman, A. P., The Sudbury series and its bearing on pre-Cambrian classification: 12th 
Intenlational Geologic Congress, PI). ,387-98, I9IO. 
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granites. The Special (international) Committee favored the use ot 
"Laurentian" for the older granites, but decided it was necessary to nse 
it for some granites of Huronian or unknown age, "with a qualifying 
phrase." 2 Van Hise and Leith have shown the need of separating the 
two granites in mapping,3 and have so separated the Giants Range granite 
from the Laurentian, though they put it into the Huronian without 
assigning the period any name. Lawson proposes' for these granites the 
period name "Algoman," and as their importance deserves it, the name is 
here adopted. 

In lVlinnesota the Giants Range granite is clearly intrusive into the 
Knife Lake slate and unconformably overlain by Animikie sediments." 
This locates it definitely in the Algomian. The other intrusives believed 
to be of Algomian age are the Vermilion batholith with its border phases, 
and the satellites, stocks, and dikes in ad joining areas. The Burntside 
granite gneiss is earlier than the Vermilion, but probably also Algomian. 
These several intrusives are so prominent in the region that the question 
of assigning them to a particular age becomes of considerable importance. 
The matter is discussed at length in the description of the Vermilion 
granite, the largest of the masses. 

The several intrusives, acid and basic, are not described here in the 
sequence of age, which is somewhat uncertain; but after a paragraph 
on the Giants Range and one on the Burntside granite gneiss, the remain
ing intrusives are discussed as parts of the Vermilion batholith or satellites 
related to it. 

GIANTS RANGE GRANITE 

The Giants Range granite is an extensive batholith that forms the 
nucleus of the Giants Range and is a logical southern limit for the area 
here considered. It is south of the main syncline of the Vermilion Range 
formations. Along the Mesabi Range there are also, in close areal rela
tionship, some very small masses of younger granite that intrude the iron 
formation. The main mass is determined in age by its effect on the 
Knife Lake slates, and the unconformity between the granite and the 
Animikian beds of the Mesabi. 

The mass has been described by Allison,G who gives analyses. It con
sists of a series of hornblende and biotite granites, mostly pink in color, 
but with some modifications in both texture, color, and proportions of 
minerals. The feldspars are largely oligoclase, but there. are numerous 

192 5. 

"Jour. Geol., \'01. '3, p. 103, 1905. 
3 United States ecological Sllf\'ey Bull., 3(;0, p. 2~ . 

. , Op. cit. 
G Spurr, J. E., lVIinn. Geol. and Nat. Hist. Survey Bul1. TO, pp. 2-3, rS9-1-· 
(j Allison, I. S., The Giants R;1nge batholith'! of l\'linnesota: Jour. GeoI., yolo 33, pp. 488-5 08 , 
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phenocrysts of microcline in many of the eastern exposures. Xenoliths 
of amphibolite and xenocrysts of amphibole are conspicuous near the 
greenstone at places south of Ely. The northern border of the granite 
in places is less acid, 'grading into s)'enite~ shonkinite. and hornblendite. 

BURNTSIDE GRANITE GNEISS 

On Burntside lake two granite intrusives are distinguishable one 
intruding the other. (See Plate VI, A.) Both, however, seem to be 
determined in age by the fact that they are later than Knife Lake schists 
and older than the black dikes of the Keweenawan. (See Fig. 2.) The 
schist dips under the greenstone in places, but seems to be overturned. 
The older, more gneissic granite is a relatively small mass and is intruded 
by the early phases of the Vermilion granite as well as by its pegmatites. 

The texture of the older rock is notably granulated. The minerals, 
though much crushed and altered indicate a sodic granite, nearly So 
per cent oligoclase. Quartz and orthoclase each make up over 20 per 
cent of, the rock, but microcline is rarely found. Some altered ferromag
nesian mineral commonly makes 3 or 4 per cent of this· rock. The 
following analysis was made on average material. 

TABLE III 
Analysis of Bllrntsidc Grallite Glleiss 

SiO, ................. . 
Al,O •................. 
Fe,O, ................ . 
FeO ................. . 
MgO ............... .. 
CaO .................. ·1 
Na,O ................. I 
K,O ................. . 
H,O+ ............. .. 

68·54 
17.89 

1.77 
.52 

1.22 

4·02 

5·14 
LOS 

-46 

H,O- ................ I 

TiO, ................ . 
2rO, ................ . 
P,O, ................ . 
S .................. .. 
Cr,O, 

II 

.18 

.20 

none 
trace 

.06 
none 

roLOS 

Gneiss from the portage from Burntside Lake to Little Long Lake. Analyst, Douglas 
IVIanuel. 

THE VERMILION GRANITE 

General settillg.-By far the largest area of granite in Minnesota is 
that extending from Vermilion and Burntside lakes to N amekan and 
Kabetogama lakes. It is the chief rock in about So townships. The 
western extension of this area into Koochiching County is obscured by 
drift, but appears to be short. To the east of St. Louis County, however, 
granite (probably in several distinct masses) appears to extend far into 
Ontario. As an east-west belt the granite separates the two synclinal 
belts of the Vermilion and Rainy Lake districts. It intrudes the older 
formations on each side, and alters them to crystalline schists. (See 
Fig. 6.) 
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Outcrops are numerous over an area 30 by 80 miles across, and the 
main rock is a normal granite with only about two per cent of biotite. 
Many outcrops show special phases, inclusions or differentiates . The 
main granite is exposed on Lac la Croix, and southeast of Namekan Lake 

x x XX x X x x x x X X 
>< Granite 

)( )( 
x x x )( 

~ x x x x 
X x x 

x X 
...: 

)( -... x4x 
x 

,/ 

o , ! ? 
Scale in Teet 

Fig. 3. Igneous intrusi ves 2000 paces northwest of the south quarter-corner of Sec. 24, 

T. 63 N., R. 17 \V. Su r face about 10 feet square. 
The sequence of rocks is as follows. III, Schist ; 2, Granite injecting lit·par-lit; 3, Lampropby r; 

4, Granite; 5, P egmatite. The occurrence of ]amprophyr between the granites indicates a con
s iderabl e change in magmatic character and probably a long time between the grani te intrusions. 
Note a lso that lit-par-/i! bandi ng is not obliterated by two later intrusives. 

in a zone about 10 miles wide with hardly a pegmatite to brrak its Ul11-

fo rmity. E lsewhere the granite is mostly fill ed with inclusions and 
crossed by pegmatites and aplites; in short all the modifications char
acteristic of the upper portions of batholiths. About nine tenths of the 
inclusions are mica schist of sedimentary origin, but there are small areas 
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of amphibole rocks and other minor varieties of schist. Along the 
borders, especially on the south and east of the batholith, there are horn
blendic differentiates, some of them more basic than the average of the 
mass. These make up only about 5 per cent of the area. 

The contact action of the granite on Knife Lake slate and Ely green
stone is described under the head of these formations. 

M ode of ill"rusioll.-~hny investigators agree that batholiths reach 
their places by two distinguishable modes of intrusion. 7 In great depths 
the roof and walls may be crowded aside, moving by rock flowage as the 
magma rises. In the zone of fracture the roof and walls have a chance 
to yield by stoping and slight doming up at the surface. 

The Vermilion batholith shows abundant lit-par-lit injections of its 
walls and the strike of the structure in the walls is roughly parallel to the 
contact. These suggest a crowding action at considerable depth. There 
is also, however, such a remarkable abundance of schist inclusions in much 
of the granite area that it is evident that the magma was working its 
way upward by stoping. Probably it had reached a moderate depth and 
both processes here acted at the same time. 

One feature may be considered as a limit to the amount of stoping 
accomplished. A relatively basic hornblendic rock on the borders of the 
batholith seems to be a relic of an early stage of the magma. It is largely 
syenite, but has in places even more basic phases. If, as it seems, this 
rock solidified from the magma early, the stoping done during the long 
process of differentiation to granitic composition was not sufficient to 
remove all the early basic separates. Probably during the differentiation 
little stoping was done except to form the inclusions now indicated by the 
outcrops. 

Age.-The granite both on the north and south sides clearly intrudes 
mica schists which are equivalent to the Knife La.ke slates, Lower-:Middle 
Huronian.s 

The other limit to the age of the granite is less accurately determined. 
No sediments later than the Knife Lake slates have been found in contact 
with the granite, except the drift. The granite is without doubt as old 
as early Keweenawan, for fresh basalt and diabase dikes cut across it in 
several places,9 and such dikes in Minnesota are not known to be later 

7 Paige, Sidney, Intrusion of Black Hills granite: Bull. Geol. Soc. AlT.., vol. 27, pp. 104-5 

(1916), and discussion by Joseph Barrell. 

• Grout, Frank F., The Coutchiching problem: Bull. Geol. Soc. Am., vol. 36, Pl'. 351-6~, 1925_ 

• Sec. ~3, T. 63 N., R. 18 \v. Specimens 2000 to 2004 of the Survey are from basalt 
dikes. See 24th Ann. Rept., pp. 7-9. See also Final Report, vol. 4, Pl'· 539-40 and 243. A 
h~sa1t dike cuts across pegmatite in the channel froIl! Sand Point to N amekal1 lakes. 
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than Keweenawan. Whether it is early Keweenawan/o or Algomian is 
110t easily settled; but the petrographic series resembling, eyen in minute 
detailll that of the Algomian granite of the Giants Range and that of the 
Kekequabic and Snowbank stocks which are supposed to be Algomian, 
indicates that Vermilion mass is also Algomian.12 

This assignment of the greatest of Minnesota granites to Algomian 
leaves very little Laurentian as c01111110nly understood. A s111aIl dike of 
granite gneiss on Rainy Lake and the Saganaga granite (largely in 
Canada) are the only clear cases in the state, of granite old enough to 
supply pebbles to the Lower-Middle Huronian conglomerates. See Fig. 3. 

Name.-The name Vermilion is applied to this granite from the abun
dant exposures along the Vermilion River, flowing north practically across 
the center of the batholith. Exposures are also clear along the north shore 
of Vermilion Lake, which is the source of the riverY 

Petrography of the main granite.-The mineral composition of the 
granite varies but little from the following: quartz, 25 per cent; ortho
clase, 30 per cent; 111icrocline, 20 per cent; oligoclase, 20 per cent; and 
biotite 2 per cent. The analyses indicate that the measured orthoclase 
and microcline must contain some soda. There are accessory apatite, 
zircon, and allanite, with traces of magnetite and muscovite in a few 
places. (See Fig. 4.) Epidote, chlorite and kaolinite are common sec
ondary products in small amounts. Biotite as the essential mineral of 
variable composition vvas separated, purified and tested. Its specific 
gravity is 3.107; gamma = I.640±2; alpha = I.597±5. It has a medium 
brown color. 

TABLE IV 
Partial Allalysis of Biotite from V crmii-;oll Grallite 

SiO, 
A1 20, 
Fe,O, ........... . 
FeO ................. . 
MgO .......... . 
CaO .......... . 
Na,O ................ . 

37·12 
17:06 
4·05 

14·80 

IO.21 

2.36 
.68 

K,O ................ . 
H,O+ .............. . 
H,O- .............. . 
TiO, ................ . 
MuO ................ . 

5·40 
3. 10 

·30 
2.23 

.48 

97·79 

]0 To be correlated with KilIafnean; see T. T. Quirke, Corrdation of Huronian and 
Grenville rocks: Jour. Geol., \'01. 32, p. 332, I924. 

11 Grout, Frank F., A peculiar shonkillite related to granite: Am. Jour. Sci. yol. 9, 
PI). ~72-80, I9 2 5· 

1::! Spel1ed in accordance with nomenclature of othEr periods. 

13 The name "Venn ilion" was l1sed before 1890 by :Minnesota geologists for a schist, a 
series, or a group, in this same district. The men who 'proposed it soon found that the schist 
\'\'as not a single formation, but included the metamorphosed phases of several fornl1tions. They 
dropped the term and it is therefore available for other use. . 

The use of the term Vermilion for some western formations has ahvays included a COIE

pound, as Vermilion Cliff formation, Vermilion beds, \Termilion creek, which will not be confused. 



PLATE V 

A . A pegmatite dike in Vermilion granite. This dike is straighter than most of the 
pegmati tes and shows no sharp contact with granite. 

B. Platy parting in the hornblende syenite near High Lake, north 01 Ely. A border phase 
of the Vermilion batholith. The joints are not related to the surface. 
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A fair degree of uniformity in the large mass is indicated by the 
following partial analyses from widely scattered points: 

TABLE V 
Parlial ,·lllal},s"s of Normal V crmilioll Granite 

II III IV V VI VII 

---;---
Fe20 3 ·58 ·46 ( 2 ?-

I ....... 
1.67 FeO 1.35 .72 1 .-;, .<)3 1.3 I ........ 

Na,O . . . . . . . 3·58 4.56 3.90 3·73 377 3·0I 3·79 
K,O ... 4.63 3·54 4·72 5.36 5·06 5·70 4.83 

---' --- --- ---
Spec. Grav. 2.6I5 2.637 2.61 I 2.6I8 I 2.644 

1. From the northwest part of S;::l11d Point Lake, Sec. 12, T. 68 N., R. 17 W. 
II. From southeast of Pelican Lake, T. 64 N., R. 19 'V. 

III. From Sec. 23, T. 65 N., R. IS W. 
IV. From Sec. 10, T. G6 N., R. 17 \V., neal" the chief prospect hole in magnetite pegmatite. 
V. From Sec. 24, T. 66 N., R. 18 'V. 

VI. F,·oIr. Sec. 10, T. 66 N., R. 15 W. 
VII. From Sec. 21, T. 66 N., R. 13 'V. 

Variations.-Mineralogic variation 111 the granite mass is suggested 
by N. H. Winchell, in his references to "granite, syenite and diorite," 
as belonging in the area.Ii Considerable time vvas therefore given to a 
search for the gradations. For the most part, the granite is notably 
uniform except in the matter of inclusions and pegmatite and aplite dikes. 
In a few places, e.g., in Sec. 25, T. 6"~ N., R. 16 VV., Trout Lake; in Sec. 
2, T. 6..j. N., R. 17 W.; and in a low outcrop Dn the road from Buyck to 
Harding, feldspar phenocrysts develop, as they do in the eastern part of 
the Giants Range granite. Some phases are slightly gneissic as a primary 
structure. The color is commonly pink, but is gray or brmvn in some 
small areas. Rarely there are local dark rocks resembling diorite, such 
as may be seen along the road toward Vermilion Dam in the southern 
part of T. 65 N., R. 17 IN. Beyond these minor changes certain Dther 
variations in the granite are noteworthy. (See Plate IX.) 

Gneissic border plzase.-On the shores of Namekan Lake, from Sec. 
18, T. 69 N., R. 18 W. east nearly to Sand Point Lake the granite is 
gneissic. The exposures near shore might lead one to snppose that the 
gneiss was a distinct formation. In the bay, in Section 36, however, there 
are within a mile, all gradations hom gneissic to massive granite and 
there can be no doubt that the gneiss is related to the Vermilion granite. 
If older granite occurs, it is only as small inclusions. On the islands in 

H'Vinchell, N. R., Geology of the north part of St. Louis County: lIIinn. Geol. and Nat. 
IIist. Survey Final Repod, vol. 4, p. 251, 1899. 



GEOLOGY OF NORTHERN ST. LOUIS COUNTY 

Sec. 18 and Sec. 19, T . 69 N., R. 18 VV., there is a complex o f gneiss, 
granile, and pegmatite of great irregularity. Several stlcce sive intrusions 
are clearly shown, bUl it 'is belicnrl that all are related to a long period of 
alternating inj ect ion and ma hing connected with a single batholith Y 

The connection of this gneiss with Algomian granite is also indicated 
by its composition. It contains 2.76 per cent soda and 5·37 per cent 
potash closely re embling the granites . analyses of which are given in 

Table V. 
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Fig. 4. Diagram of the modes of th e c;c\cral phases of th e Yermi li oll bat holith . Each hori· 
zOllta l bar represents one rock measured. The Liotite granites of the tipper sc::t 11li.lke lip Hine 
tenths of the exposures. The 1,lagiocJase is andesine in one rock, but 1110re acid in all the 

others. 

IG Barrell , Joseph, Relations of subjacent igneous invasion to reg ional llH:: tamorphisJ11: 1\m. 

J our. Sci., vo l. I, pp. 1-19, and 174-86, and 255-67, 192 1. 



PLATE VI 

A. Breccia of fragments ot older Algomian gneiss in a matrix of dark border phase of 
\" ermi liotl granite, 011 Bnrntside Lake. 

B. Vermilion g rani te 0 11 Ash niver, con taining many biotite schist inclu sions. 

, 
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Microscopically the gneisses show only a slight granulation and 
scarcely any augen structure. (See Plate IX, B.) None of the minerals 
of the granite is wholly obliterated, but the biotite has largely altered to 
muscovite and both micas are commonly bent. There is rather more of 
graphic and perthitic intergrowth than in the average granite. 

Such dynamically altered rocks have not been found in the southern 
part of the granite, though an older granite on Burntside Lake is even 
more altered. Probably the deformation following the intrusion of the 
granite was more intense on the north side of the area, for the con
glomerates on Rainy Lake are more distorted than those on Vermilion 
Lake. 

Early border phases alld iron ores.-The second type of variation is 
that to a dark basic border phase. This suggests, according to the pre
vailing hypothesis, that the magma as first intruded was basic, and at 
least portions of it cooled to basic rocks; while the main central liquid 
differentiated to granite by the settling of basic minerals. 

Such border phases of the Vermilion granite were found along both 
sides. The darker rock is not a continuous belt and might have been 
mistaken for some other small intrusion, except for its peculiar petro
graphic character-some of it conspicuously spotted, (Plate VIII, B.)
and its occurrence at widely distributed points, all of the large masses 
being along the border of the granite. Again, since it is a basic phase 
and adjacent to the Vermilion Range, it might have been assumed to be a 
product resulting from greenstone assimilation exactly analagous to the 
biotitic phase of granite from the mica schist, described below. (See 
page 42.) The dark rock, however, is found not only adjacent to green
stone, but at other places adjacent to mica schist and even, on Burntside 
Lake, beside an older granite. No assimilation of granite could possibly 
produce a basic border phase in the Vermilion granite. 

Finally, when the whole area was studied, it was found that many 
outcrops are of intermediate rocks (Plate IX, C and D). While there 
is evidently a sequence in the solidification of the rocks-dark syenite 
intruded by light syenite and both intruded by granite-a series of rocks 
can be selected showing scarcely a break from granite to hornblendite. 
No single outcrop showed a complete gradation but the relation of all 
the rocks to a single batholith can scarcely he doubted. 

The most accessible belt of this border rock is along the bluff on the 
north side of Frazer Bay in Vermilion Lake in Sec. 3, T. 62 N., R. 17 W. 
It can be seen in less regular but large exposures, north of Pine Island 
in the same lake. At the latter place the rock forms cognate xenoliths
it apparently crystallized while the main granite magma was still fluid, 
and by later movement was stoped into the granite in blocks both large 



PLATE VIl 

A. Vermilion granit e 11 (';:1 r the magnetite prospect southwest of Crane Lake . Note the 
numerous schist inclusions. 

B. Vermilion granite on Ash Ri ver showin g biotite schi st inclusions much injected and 
apparently partly assirr..,ilated, developing schlieren . 
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and small. One or two small blocks of spotted rock were noted far 111 

the granite and away from the contact. In Burntside Lake some islands 
in the SEy,( Sec. IS, T. 63 N., R. 13 VV., show the same sort of rock at 
the edge of a great area of Vermilion granite. 

The largest areas of the border differentiate are around Basswood 
Lake, but these are syenites intermediate between granite anel darker shon
kinites. Some especially instructive exposures occur north of High Lake. 

The variation in mineral content of this series is indicated by a few 
measurements shown in Figure 4. The syenite, making up a larger 
mass east of St. Louis c.ounty than inside it, is normally made up of 
about 40 per cent oligoclase, 20 per cent orthoclase, 30 per cent horn
blende, 5 per cent quartz, and 3 per cent biotite. It shows a platy parting 
where weathered, (Plate V, B), and a slightly trachitoid structure in hand 
speClmens. 

From High Lake to Vermilion Lake most of the early border phase 
shows a banding of darker differentiates (Plate VIII, A), some of which 
are conspicuously spotted with large poikilitic feldspars in a hornblendic 
matrix. (Plate VIII, B.) This is distinguished as shonkinite (Bass
wood type) Y There is a group of black bands also, in the syenite at 
High Lake, including hornblendite and magnetite ore. (See section on 
Economic Geology and the report on T. 63 N., R. 12 W., pages 74 and 91.) 
Analyses are given in Table VIII, and the appearance of the thin sections 
is indicated in Plate X. 

Assi171ilation phases.-Two of the rocks intruded by the Vermilion 
granite differ from it so notably that included fragments are very con
spicuous. The Knife Lake slate forms dark biotite schist, and the Ely 
greenstone dark hornblende schist fragments in light pink granite. The 
two rocks, however, reacted differently with the granite magma. 

In a few small areas, hornblendite inclusions possibly derived from 
Ely greenstone are more abundant than mica schist. The reaction of 
granite anel hornblendite is evident in the soaking of the granite juices 
into the outer parts of the inclusion, making a gneiss. It is not a typical 
lit-par-lit injection, for the hornblendite has only an imperfect cleavage; 
the soaking is pervasive. Neither is there a complete gradation to the 
granite; the soaked inclusions still commonly retain the outlines of 
inclusions surrounded by a granite that shows no excess of ferromag
nesian mineral. The altered part of the inclusion shows a progressive 
change from hornblende to biotite17 and outside the inclusion there are 

10 Grout, Frank F., A peculiar shonkinite related to granite: Am. Jour. Sci., vol. 9, 

pp. 472-80, I92 5· 
17 Schwartz, G.:Th.1. The effect of granite and gabbro intrusions on Ely grecnstone: Jour. 

Geol., vol. 32, pp. 89-I38, I924· 



PLATE VIII 

A. Banded differentiates north of High Lake in the dark border phases, shonkinites, of the 
Vermilion batholith. ~Iagl1etite ore forms one sllch band, four feel wide. 

B. Banded differentiates north of High Lake. The bands a1 e wide and the darker bands 
arc the spotted shonkinite (Basswood type). 
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a few biotitic schlieren. (Plate VII, E.) These schlieren probably 
indicate about the extent of real assimilation. The biotite granite has 
not been found to become hornblendic near the hornblendic inclusions 
anywhere in the batholith. 

Most of the granite area is characterized by an abundance of biotite 
schist inclusions. There is only a little evidence of solution of fragments. 
The schist has 10 to 20 per cent of biotite and most of the granite only 
2 or 3 per cent; but in a few places the granite near inclusions is slightly 
darker than average. (Compare Plate IX, A and F.) Such rocks are 
exposed on Gun Lake and Murphy Lake in the eastern part of the area 
mapped. These are quite apart from those mixed rocks that show traces 
of schist structures, and they cannot be considered extreme phases of 
injected schist; they are granite. Several features combine to indicate, 
however, that the granite has been affected by the digestion of some 
schist. The fragments of schist are rounded at the corners, and the 
cleavage plates on the sides. are injected lit-par-lit until they float off into 
the granite as schlieren more and more indistinct. Finally, not only 
biotite but other constituents, show that the darkened granite is inter
mediate between normal granite and biotite schist. It may be noted that 
a 20 per cent addition of schist would produce this much illodification 
of the granite, and since the dark granite is not common, assimilation 
was probably not of great importance at that stage of magma history. 
The complete analysis of the modified granite is No. IS in Table VIII. 

SiO, 
AI,O, 
MgO 
CaO 

TABLE VI 
Parts of Allalyses SlIggestillg Assimilation 

Vermilion Biotite ' Calculated Mixture I 
Granite Schist Near 4 Parts No. I and 

No. I Vermilion Lake I Part Schist 

71.73 63.04 69·99 
14.76 16-45 15·10 

.62 5·04 1.50 
!.I 8 3. 17 1.58 

Supposed Assimi· 
lation Phase of 

Granite No. 'S 

69.01 
16.92 
1.28 
2.67 

Peg1l1atitic phases and ir01l orcs.-Pegmatites and aplites occur abLUl
dantly through most of the area of the batholith and in the schist walls 
and inclusions. North of the granite a number of large dikes follow 
approximately the structure of the schist and form great ridges, 40 to 50 
feet wide. These have been noted for their coarse muscovite, but the 
quality of this mineral is not promising. Much more abundant but 
usually smaller masses of pegmatite occur within the area mapped as 
gral1lte. They form segregations and dikes in the granite and dikes of 



PLATE IX 

M rCI<OP IIOTOG J(AP JI S OF VER~rrLlO r GRANO'£ AND ITS PH ASES 

A. Normal granite showing feldspar, 
quanz, anti a littl e biotite. 

C. Rare hornblendic biotite granite. 

E. H ornblendile. 

B. Gneissic granite on Namekan 
Lake. 

D. Hornblende syenite on the outh
east side of the batho lith . 

F. Biotitic phase showing sign5 o f 
:'l~",il1lilated schi~ t . ~Ingnifications X 40 . 
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great complexity in the fractured schist of the roof pendants and inclu
sions. In a. large way many outcrops may be considered as breccias 
of biotite schist with an abundant pegmatite matrix (Plate VI, Band 
VII, A). Most of the pegmatite is pink like the granite but some is 
nearly white. There may have been a series of pegmatite developments 
related to the granite, for in several exposures pink pegmatite crosses 
the white pegmatite as if distinctly later. These later pegmatites have 
a.t places some accumulations of coarse ma'gnetite which roused the 
interest of prospectors, and they are given detailed study in a later section 
of this report. Note has been made also of some ladder veins crossing 
the pegmatites18 (Plate XI, A). 

The chief minerals of the pegmatite are pink microcline, or its graphic 
intergrowths with quartz, white to greenish albite (or oligoclase), and 
quartz. Biotite is the chief dark mineral but there are locally magnetite, 
muscovite, garnet, and tourmaline and commonly alI dark minerals are 
absent. Pyrite and chalcopyrite cross the early minerals in some of the 
magnetite deposits. Quartz in the average pegmatite is probably less than 
20 per cent. The extreme compositions noted are (I) those with almost 
100 per cent quartz, (2) those nearly all acid feldspars, and (3) those 
with about 50 per cent magnetite. 

The texture of the pegmatites shows the usual variation (Plate V, A), 
and aplites are associated in many places, even occurring in the same dike 
in rudely banded structures. Banded pegmatites are not common, how
ever, though many show a central zone more quartzose than the borders. 

The chemical composition is naturally variable, Analysis No. 16 of 
Table VIII was made on the average magnetite rock at a prospect hole. 
No other analyses have been made, but it is clear from the minerals 
that the rati'o of soda to potash is variable, and silica may rise to the 
practical exclusion of all other constituents. 

Dikes and satellites.-Igneous rocks of small surface outcrop, near the 
Vermilion granite, may be related to the granite. The pegmatites north 
of the main area have been mentioned above. South and east along 
Vermilion and Burntside lakes, the granite fades into the schists in a 
series of irregularly diminishing dikes and lit-pay-lit injections, so that 
its boundary can hardly be mapped. Several masses of granite lie far out 
between the Vermilion and Giants Range areas, suggesting a possible 
relationship between the two batholiths. Some of the larger are petro
graphically like the biotitic Vermilion granite; others are hornblendic like 
the border rock on Basswood Lake. 

18 Grout, Frank F., Occurrences of ladder veins in :Minnesota: Econ. Ceo}., vol. 18, pp. 

494-505. 192 3. 
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PLATE X 

MICROPHOTOGRAPHS OF SOME IGNEOUS RO CKS OF ST. LOUIS COUNTY 

A. Shonkinite (Basswood type) near 
H igh Lake. The hornbl ende is poiki 
liticall y scattered in coarse f eldsiJar. 

C. Magnetit e segregation near High 
Lake. The gray grains are hornblende 
and th e li ght grains phl ogopite. 

B. Linden syen ite showin g green 
py roxene and titanite in a fi eld of 
feldspars. 

D. l\lagnetite segregati on near High 
Lake. The g ray rounded grain is green 
spin el. V ari oll s othe r mine ral s in small 
amounts . 

Several dikes intru i ve into the rocks 0 f the Vermilion district are 
also closely similar in age and composition to Vermilion granite. Since 
they are most abundant near the granite, they should be considered as 
apophyses unless they can be shown to be older than the Huronian sedi
ments of the district . Their textures range from granitoid to porphy
ritic, and some of the granite dikes, a few yards across, grade into 
porphyry near the walls .1o In some of the porphyries quartz is found 
only in the groundmass. Several such intru ives cut the ore bodies of 
the Vermilion Range. 

lD Seen in a clear outcrop on the line between Sec. 1 2 and Sec. J 3, T . 62 N ., R. 13 W . 
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Many intrusives of more basic composition than the granite, also cut 
the Huronian sediments. The dark dikes of fresh rock are considered 
Keweenawan, but the more altered rocks may possibly be apophyses from 
the border phase magmas of the Vermilion batholith. Some show the 
peculiar and almost distinctive petrography of the border phase. Further
more the location of some dark dikes close south of the southern border 
phase on Burntside Lake shows that such dikes are to be expected in 
other places. Examples are found along the shores in the eastern part 
of Vermilion Lake, and on Stuntz Island of that lake. 

Two masses oJ alkaline syenite lying between the Vermilion and 
Giants Range granites have less certain connections. One lies along the 
southwest side of Vermilion Lake, and the other, here called Linden 
syenite, in Townships 62 and 63 N. along the west side of St. Louis 
County. (See Plate 1.) They are not noticeably altered and the one 
on Vermilion Lake is intrusive into the Kni fe Lake slates. Possibly 
they may be as young as Keweenawan, but there is little petrographic 
similarity to the Keweenawan diabases or their differentiates. They are 
here tentatively correlated witl1 the Vermilion granite, and this is ma-de 
the more probable by a similar satellite north of the granite, at Pooh Bah 
Lake, Ontario. (See northeasterly area in Fig. 6.) With almost identical 
field relations to the same granite, the rock at Pooh Bah Lake is even more 
alkalic-a malignite, as Lawson called it.20 To some degree, also, the 
syenites of Snowbank and Kekequabic lakes may be considered 'similar 
satellites and suggest the generalization that alkalic differentiates are 
widely characteristic of Algomian granites in Minnesota. 

Both of these alkalic syenites southwest of the batholith are character
ized by a trachitoid structure based on lathlike alkalic felqspars. with 
interstitial dark minerals. (See Plate X, B.) This structure trends a 
little north of east. The rocks are a purplish pink but certain phases 
weather nearly white. 

The feldspar in the Linden syenite is a light purplish microcline
microperthite, and makes up about 80 per cent of the rock. The dark 
mineral is a green pyroxene in subhedral grains slightly elongated in 
the same direction as the feldspars. Quartz and titanite are present in 
smaller amounts. 

The pyroxene, as the variable mineral of the rock, has been separated 
and tested. Its indices of refraction are, gamma = I.740±4, beta = 
I.728±6, and alpha = I.720±4. Its optic angle is large. It has altered 
111 places to pale brown biotite with low index of refraction,21 and to 

00 Lawson. A. c., On malignite; Univ. of Calif .. Dept. of Geol. Bull. J, p. 343. 1896. 

'" Probably less than 1 5 per cent iron oxides in the biotite. See American Mineralogist, 

vol. 9, p. 163. 
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glaucophane. These characters have been seen in no other pyroxene in 
Minnesota, but somewhat resemble those of the augites of the porphyry 
at Kekequabic Lake and of the 111alignite of Pooh Bah Lake, in Ontario. 
An analysis (A) of this new pyroxene by the writer is given below, beside 
that of the Kekequabic mineral (B) by Dr. Grant. The material analysed 
may have had as much as 5 per cent of impurities, mostly titanite and the 
products mentioned as derived by alteration of the pyroxene. Its specific 
gravity is 3.36r. 

TABLE VII 

Analyses of Pyroxenes from l~{iJ1llfSota S}ICllite 

A B-:1- A II 

SiO, ... . ..... . .. . 46.85 53. 19 K,O . . . . . . . . . . . . . ·50 .38 
AI,03 .... . . , . ... . 2·50 2.38 H,O+ . . ........ ·92 .01 
Fe,03 . . . . . . . . . . . . 11.40 9.25 H,O- ........... none 
FeO . . '" . . .. '" . 6.72 5. 15 TiO, . . ..... ..... . 2.13 11. d. 
MgO ..... . .. . .. . 8.17 9-43 1"lnO .... . ... ... . .3 1 n. d. 
CaO ........ .... . 17.85 17·81 
Na,O ............ 2-49 2.63 99.84 IOO.23 

-..;. :Minn. Geo1. and Nat. Hist. Sun-ey Ann. H.ept., Y01. 2[, p. 4S, 1893. 

The analysis (A) shows the pyroxene in the Linden syenite to be 
largely diopside with both acmite and hedenbergite in notable amounts. 
It contains soda enough to show the alkalic nature of the syenite as a 
whole. 

The analysis of the Linden syenite is given as No. 17 of Table VIII. 
Its high potash content, 6.32 per cent, is noteworthy. This is greater 
than the potash content of average glauconite deposits and as great as 
some that have aroused interest as possible potash producers. 

It is also noteworthy that these satellitic syenites are in several vvays 
strikingly different from the early syenites of the border phase of the 
Vermilion granite. Possibly the alkalic syenites are late differentiates in 
contrast with the early, more hornblendic, syenites. 

The processes of differcntiatioll.-The rock series exhibited by the 
outcrops of the Vermilion batholith is shown in Figures 4- and S. Some 
rock series in other parts of the world have similar compositions in their 
end members, as may be seen by the descriptions of the Isle of Skye, 
N ordingd., Carrock Fell, Garabal Hill, and others.22 None- of these, 
however, are of batholithic proportions, and it is chiefly in the Cordilleran 
region of North America that Mesozoic batholiths have been well studied 

22 Grout, Frank F., A graphic study of igneol1s rock series: Bull. Geol. Soc. Am., Y01. 33, 
pp. 617'38, 19 22 . 
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and found to grade from granite through diorite to gabbro,23 The 
Vermilion mass then adds to the list of batholiths that give an indication 
of their primary magmatic nature, one of the pre-Cambrian masses of the 
Canadian shield, 

TABLE VIII 
Analyses of Phases of the r'c'nnilion Batholith alld Supposcd", 

Related Rocks in Minnesota . 

SiOo 
Al,O, 

Fe,O" 
FeO 
l\IgO 
CaO 
NaoO 
K,O 
HoO+ ..... . 
HoO-
Cllo ......... ' 
TiO, 
Z,'OO 
p,o. 
FeS, 
Cr,O, 
MnO 
SrO 
DaO 

Sp. G. 

71.73 
14.76 

·58 
1.35 

.62 
1. 18 
3.58 
4.6 3 

.64 
.20 

n. d. 

·53 
.06 
.14 
.06 
.02 

.03 
11. d. 

.'4 

100.25 

2.6 1 5 

72 . 06 
16.00 

.46 

.7 2 

·97 
.86 

4.5 6 

3·54 

·39 
.05 
.10 

.12 
.03 
.09 
.09 

58.72 
10.81 

12.84 
6.80 

·94 
.82 

3·59 
4. 89 

·34 
.16 

n. d. 
.42 

.02 

.20 

trace 
.02 none 
.06 .08 

none 1'\ none 
. I 2 .07 

8 I 9 i 13 I 

-----1--1 
57.12 58.55 I 38.13 ' 
16.68 12.56 12.26 

.01 

trace 
.29 

·33 
.08 
.02 

.'4 

.02 

1.72 

5·05 
8.63 

7·34 
3. 0 9 
2.01 

.5 0 

.'2 

.00 
.5 I 
.03 

.'4 

.04 

.09 

.17 

.02 

.08 

8.86 
11.68 

II·55 
]0·35 

1.39 
.43 

2.36 
trace 
trace 

2·49 
trace 

. '9 
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I. Vermilion granite from northwest part of Sand Point Lake, Sec. 12, T. (18 N., R. 17 \V. 
2. Vermilion granite from southeast of Pelican Lake, T. 64 N., R. 19 W. 

16. Magnetite pegmatite from the dump' of a shaft in Sec. 3, T. 66 N., R. 17 "V. 
S. Syenite, ahundant around Basswood Lake. 
9. Border phase of granite, neal' shore of Vermilion Lake, Sec. 30, T. 63 N., R. r6 \\T. 

13. Hornblendite north of High Lake. 
q. Magnetite ore north of High Lake, J. H. McCarthy, analyst. Recalculated from "Total 

Fe == 55.39, Magnetic Fe == 49. 28 ." 
15. Biotitic phase of granite, that probably assimilated some biotite schist, Gun Lake, Sec. 14, 

T. 65 N., R. 12 W. 
17. Syenite (possibly related to the granite), Linden towllship, Sec. 7, T. 62 N., R. 20 W. 

Analyses hy Frank F. Grout, except No. 14· 

23 Daly, R. A., Igneous rocks and their origin. Appendix B. McGraw HiB Book Co., 19'4; 
Lindgren, Waldemar, See U. S. Ceol. Suryey Folios 29, 3 1, 39, 66, 129, etc. 
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The pnmary magma of the Vermilion batholith may have been 
approximately basaltic in composition, but if so, no specimen collected 
represents that magma without a good deal of differentiation. The 
shonkinite (Basswood type) is probably closest to the composition of 
primitive basalt,24 but it has so little alumina that lime is combined in 
hornblende, leaving the feldspars alkalic in character. On the o~her hand, 
the abundant syenite represented by rock No.8 is half way on the course 
of differentiation to granite. The late stage of magmatic evolution sug
gested by the abundance of syenite. is also indicated by the moclerate 
titanium content of the magnetite segregation-much lower than in com
mon gabbro magnetites, but higher than in the late pegmatitic magnetites 
of this same magma. See page 48. 

Whatever the primary magma may have been, the rocks formed here 
near the top and sides of the batholith do not range from peridotite and 
normal gabbro to granite as in the Cordilleran batholiths. They range 
from hornblendite and magnetite rock through shonkinite and syenite 
to granite, with only rare traces of moderately calcic feldspar. The main 
portion of the batholith now exposed clearly evolved from its primary 
composition to a magma of normal granitic nature. 

,., Daly, R. A., of'. cit., p. 315. 
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This evolution could not have resulted from syntexis, or melting, dis
sol ving, and mixing with the invaded rock for the rocks available were 
not of suitable composition. This conclusion seems certain because there 
are now available analyses of all the main phases of the older rocks. 
\Vhen the magma reached the position where this evolution occurred, 
the Keewatin greenstone and the Knife Lake slate were the only abundant 
formations in its roof and walls; there were very subordinate amounts of 
Soudan iron-bearing formation, Ogishke conglomerate, and Laurentian 
intrusives. One of the two major fon11ations, the greenstone, must have 
had a composition about like that of the primary magma of the batholith. 
1 t could therefore not cause much change. The other formation is the 
l\:ni fe Lake slate; and a study of its composition shows that no mixture 
of schist and basalt magma could produce a granitic composition. The 
evidence given above also indicates that assimilation of slate did not 
cause differentiation of the magma to produce a granite; the granite 
which has assimilated some schist is so modified that alkalies and silica are 
reduced and lime and magnesia increased. Clearly the schist has made 
the granite magma change in a direction toward basalt, rather than 
changing some other magma to granite. Note the location of point G, 
in Figure 5. 

Since the change in the magma is not logically explained by assimila
tion or syntexis, differentiation during crystallization may be the most 
acceptable theory for its evolution. The several border phases then con
stitute a portion solidified at an early stage while differentiation was in 
progress. 

The banded trachitoid condition of much of this early phase indicates 
some movement during crystallization. The nearly vertical position of 
the bands roughly parallel to the walls of the batholith, is also noteworthy. 
It can hardly be assumed that this portion of the batholith had a floor, 
on which layers of banded rock accumulated by settling, and that these 
were later tilted to vertical positions; for batholiths in other regions are 
not known to have such floors. It is much more reasonable to assume 
that the bands and wall of the magma chamber are still approximately in 
their original positions. 

The question remains as to what kind of a movement produced the 
bands and fluxion structure. A batholithic mass, 30 by 80 miles across, 
stoping its way upward cannot be supposed to develop bands by move
ments of injection; it could not have been passing through this 
chamber as magma passes upward 111 a volcanic plug25 though it may 

~::; The vertical handing of ~1t. Johnson in the 1\{ontercgian Hills is so explained hy F. D. 
Adams, Jour. Gent, Y01. I I, pp, 278-82. 
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have been stirred a little by the settling of stoped blocks . Neither can 
it be maintained that rhythmic earth movements after the mass was partly 
crystalline produced a "bridging" or fi lter pressing that would explain the 
banding. 2G It is much more likely that a gentle convection circulation 
was in progress.27 ny mas of rock crystallized along the walls of a 
batholith during convection would be in vertical bands as here found, 
and would show variations in the mineral compositions of the bands, 
depending on the progress and conditions of cooling-in this ca e ranging 
frol11 granite and syenite to shonkinite, hornblendite, and iron ore. 
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Fig. 5. A diagra m of the rock series of the Vermilion batholith. The black spo ts show 
rocks analyzed; the ci rcl es show the average compos itions of severa l standard rock families for 
com pari so n. The curve, marks the gene ral trend of th e seri es; broken 1 ines conn ect th e rocks 
of th e batholith with small er spot s representing satellites wh ich a re probably r elated . A, segr ega ted 
ore; B, hornblendite; C, shonkinite; D, syenites; E, main granite of great extent ; F, magnet ite 
pegmatite; G, granite with assimilated schi t; fl, Linden sYf nit e stock; K, Kekeq uabi c g ran ite 
stock; P, r ooh B ah malignite stock. 

~o Dowen, N. I. ., CrystatJi z~ tion -differenliation :n igneous magmas: Jour. CeoI. , vol. 27, 
p. ~ I I, 1919. 

:"""7 Grout, Frank F., Int ernal structures of igneous rocks: Jour . Geol., vol. 26, pp. 439 and 
458, 19d~; and T wo phase convect ion in igneous magmas: Jour. Ceo1., vo l. 26, pp. 481-99 , 1918. 
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Very little that is definite can be said about the evolution of the 
alkaline rocks in the five satellitic stocks scattered around the batholith. 
The location of the stocks about equally distant fr0111 the main mass, the 
development of a sodic pyroxene of about the same nature in three of 
them, and the occurrence in two of them of shonkinite (Basswood type) 
like that in the granite batholith, all suggest very strongly a consanguinity 
with the batholith. 

It is noteworthy that while the alkaline bodies, according to theory28 

are marginal and satellitic, they are not light differentiates which occupy 
higher positions on account of low specific gravity. Nor is there evidence 
that the granite was any more deeply eroded than the stocks. None of 
the masses shows a roof, and all the walls seem nearly vertical. Finally 
it should be added that no limestone is available in the region, to explain 
the alkaline differentiate. 29 All these data suggest the probability that 
the evolution of the alkaline masses may be a primary feature related to 
the differentiation of the stocks as satellites, rather than a universal 
development which is accidentally preserved at the points of least erosion. 

UPPER HURONIAN (ANIMIKIAN) SERIES 

A narrow belt of Animikian rock crosses the southeast corner of the 
area. This is the eastern end of the Mesabi Range where it is cut off 
by the Duluth gabbro and the belt pinches out between the gabbro and 
the Giants Range granite. It is more properly considered in a discussion 
of the Mesabi district. 30 The belt is much less than half a mile wide and 
consists of Biwabik iron-bearing formation, a smaller amount of Virginia 
slate, and some intrusive diabase, all of which are profoundly altered 
by the action of the later Duluth gabbro. The iron-bearing formation is 
recrystallized to coarse banded quartz-amphibole-magnetite rocks. The 
slate and diabase have developed granular or granoblastic textures and are 
almost indistinguishable in the field, except where the diabase retains 
remnants of a few scattered phenocrysts. Microscopically, of course, 
the minerals prove to vary with the composition. 

The generally low dip of Mesabi Range formations to the south, is 
here disturbed by the gabbro. Dips are high to the southeast, and at the 
northeast end the beds are broken and contorted. 

28 Bowen, N. L., Later stages in the evolution of igneous rocks: Jour. Geol., vol. 23, 

supplement, Nov.-Dec. 1915, p. 65. 

'" As suggested for most alkaline rocks by R. A. Daly; Origin of alkaline rocks: Bull. Geol. 
Soc. America, vol. 21, pp. 87-II8, 1910. 

30 See Grout, Frank F. and Broderick, T. 1\1., l\lagnetite deposit::-: of the e~:;tenl ~fesahi 

Range, ~:Iinnesota: ~lil1n. Ceoi. Survey, Bull. J7, 19 1 9. 
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KEWEENA WAN SERIES 

The Duluth gabbro represents the Keweenawan in this area, but the 
sills in the Animikian sediments may belong to the same period, and 
there are numerous fresh basic dikes in other parts of the district which 
are probably Keweenawan. The Duluth gabbro extends bO':h south and 
east from this area so far that the area shown is a very small portion 
of the formation. The gabbro in this area shows no unusual features. 
It is banded with slightly variable bands of olivine gabbro, tro:tolite, 
and normal gabbro. It has several inclusions of iron formation and 
slate, highly metamorphosed. Nevertheless the general impression of the 
series of outcrops is that of monotonous uniformity. 1\0 large or 
peculiar segregations are reported near this area. 

The diabase sills in the Animikian rocks are definitely older than the 
gabbro, anel some may be older than Keweenawan; no doubt the Keweena
wan extrusives were accompanied by some intrusives of the same type. 
The sills are correlated with the Logan sills farther east, some of which 
can be shown to be pre-Keweenawan. 

The few dikes of the trap rock which at various places cut Archean 
and Huronian rock need no special description. They are black, basaltic 
to diabasic and microscopically fresher than any other basic rocks in this 
area except the gabbro. At one outcrop in Sec. 26, T. 62 N., R. LJ- VV. 
a group of thin black dikes have glassy selvages of tachylite. This fresh
ness of glass of pre-Cambrian age is rare even in the Keweenawan. The 
dikes and sills are too small to show 011 the scale of the maps, and have 
no special significance. They extend as far north as the north limits 
of the area, a good example being exposed along the international 
bot'lndary between Sand Point and N amekan lakes. 

Several ridges of gabbro southwest of Vermilion Lake are shown in 
the maps, but their relations are not exposed. Granite aplite cuts one in 
Sec. 36, T. 63 N., R. 20 V'-/. On the other haml, in Sec. 9, 1'. 61 N., 
R. 20 VV., the gabbro has inclusions of both granite and mica schist. This 
leaves the age relation of the gabbro more or less in doubt. Their petro
graphic resemblance to Keweenawan intrnsives is the chief basis for 
classing them as Keweenawan. 



CENOZOIC SYSTENI 

PLEISTOCENE SERIES" 

The northern portion of St. Louis County was probably glaciated early 
111 Pleistocene time, and was deeply scoured by the "Rainy Lake lobe" 
of the Labrador ice moving from the northeast. Later the i0e from the 
northwest moved in far enough to deposit drift from another region over 
the western boundary of the county. A large part of this deposit was 
reworked by the waters of a glac.ial lake which occupied the Red River 
Valley; this is known as Lake Agassiz. 

1 For details refer to Leverett, Frank, and Sardeson, F. \V., Surface formations and 
agricultural conditions of northeastern :Minnesota): :Minnesota Geol. Survey Bull. 13, 1917. 



GEOLOGIC STRUCTURES 

The major structure of north St. Louis County is apparently deter
mined by the two great Algomian batholithic masses, the Vermilion and 
Giants Range granites. These trend a little north of east, and may have 
followed some earlier structure in this direction, but there is relatively 
little evidence of any such previous structure. 

Between the batholiths of the Algomian lies the Vermilion Range. 
North of the northern batholith is the similar trough of Rainy Lake. 
Both are closely folded with much of the rock in nearly vertical attitudes. 
Overturned folds are common and the present position of the bedding and 
schistosity must be noted in great detail in order to determine the struc
ture. These two belts have been regarded as synclinoria, not because 
the formations rise definitely on either side but because the beds are closely 
folded and lie in troughs between two batholiths. If any of the Vermilion 
formations remained above the intruded granites, they must have been 
at high levels and have produced a syncline; but they may all have been 
stoped in without much elevation. 

Several geologists, after observations made in reconnaissances across 
the granite area and north into the schists have suggested a major folding 
which may be related to the granite intrusion. In a broad way the schis
tosity changes its dip and strike from vertical to small northerly dips 
in passing from the northwest corner of the county to the south side of 
Saginaw Bay; and south of that it becomes steeply inclined to the south. 
The bedding at many places coincides with the schistosity, giving the ap
pearance of an anticline of huge proportions. Similar changes may be 
seen near Crane Lake and elsewhere. The Vermilion River follows some 
conspicuous folds in the schist in the southeast part of T. 67 N., R. I7 W. 
(See frontispiece.) Most of the surroundings are granite, but the schist 
forms a large part of the river banks and its structure is that of a drag 
fold of large size modifying the general easterly strike. 

The close folding, however, seen in nearly every outcrop makes the 
existence of these major folds uncertain until more detailed work can 
be done. Close observation at practically any outcrop along the south 
side of Rainy Lake shows that the bedding crosses the schistosity, and 
that in several cases stratigraphically higher beds dip under lower beds 
at places that were not discovered in the reconnaissance work mentioned. 

A somewhat similar uncertainty exists as to the structural sig11ificance 
of the position of the schists on Sand Point Lake near T. 68 N., R. 17 W. 
Mica schists clip north on the north side of the lake; hornblende schists 
clip north on the south side of the lake, and the main jointing in the 
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granite between dips north. These observations might suggest that the 
granite was intruded between schist roof and floor; but the contacts are 
not clear and the structure is more probably a remnant of some ante
cedent structure, for the schists show changes of dip in short distances, 
and elsewhere give no sign of such a mode of intrusion. 

Thus it is seen that there are folds of several orders of magnitude. 
The major structure seems to be dominated by the batholith, but folds 
of a second order are mapped by a study of contacts of rocks of the 
different formations; a third order of folds is recognized by detailed 
study of bedding and schistosity; and there are finally the minute crenula
tions seen in even smaller outcrops.l (See Plate IV, B.) The bedding 
planes have not yet been mapped in detail over much of the area. 

Faults are not conspicuous in the area, most of the deformation having 
occurred under conditions of rock flowage and recrystallization. Never
theless the occurrence of some breccias and the appearance of slickensides 
and "gouge" along certain bluffs, indicate at least some displacement of 
later date. Possibly the movement was not great, as the rocks on the 
two sides do not appear to be different formations, where faults are 
suspected. One such "reibungs" breccia occurs on the south side of 
Shaft's Point in Outlet Bay of Vermilion Lake; another on the point 
northeast of A vis Island (or Hinsdale Island) in that lake. At certain 
places the south border of granite may mark a fault, especially where 
there is little contact effect. 

Joints in the metamorphic rocks seem to be controlled largely by the 
schistosity, many joints following the structure and a few crossing nearly 
at right angles. At a few places joints follow bedding rather than 
schistosity; or both bedding and schistosity. (See Plate III, B.) 

In general the schistosity which controls the joints strikes nearly 
east and west following the granite border, and the dips are steep. Locally, 
even in the midst of the granite area, the strike turns considerably to 
the northeast, and at a great many places the dip changes to low angles 
either to the north or south. It has not been practicable on the basis of 
the field work done so far, to show any broad structure on the basis 
of such areas in the midst of the granite. 

The granite that followed the schistosity as it was intruded, has a 
few joints in the same system as that found in the schist. A noteworthy 
feature, probably related to some joints formed by cooling contraction, 
IS a series of ladder veins of quartz crossing pegmatites and granite. 2 

1 Minn. Geol. and Nat. Hist. Survey Final Rept., vol. 4. pp. 249-250, gives sketches of this 

crumpling. 
2 Grout, Frank F. Occurrences of ladder veins in Minnesota: Econ. Geol., vol. r8, pp. 

494'505. 1923. 
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No regularity could be found in the joints of the main granite areas. 
Nearly all the prominent joints curved and joined other joints at variable 
angles. In the excellent exposures along Sand Point Lake a slight sug
gestion appears of a sheet-like jointing with a dip of roO or ISo to the 
north. Even this is variable and is not seen in all outcrops. 

Two major unconformities are well shown in the district, one repre
senting the erosion after the Laurentian and another after the Algomian 
mountain-making periods. A third unconformity in the series, between 
the Animikian and the Keweenawan in this district is obscured by an 
intrusive contact. 

The contact effects-orientation and recrystallization-extend several 
hundred feet from the granite intrusions, and with the prevailing dip 
spread over a belt nearly half a mile wide These intense effects are 
oriented with the regional schistosity and cleavage which appear in all 
the rocks older than the granite. 



SUMMARY OF GEOLOGICAL HISTORY 

Without attempting to 'go back of the record in the rocks now found, 
the history of northern St. Louis County begins with a great outburst 
of volcanic flows and eruptions. At least a part of the lava was probably 
poured out below the sea, and another part was originally fragmental. 
N early all was of basic material. The basement on which these rocks 
were deposited is not seen because later batholithic invasion has stoped 
away earlier beds. The jaspilite of the Soudan iron-bearing formation 
was developed near the close of the period. Then occurred the batho
lithic invasion of magma yielding Laurentian granites. These undoubt
edly deformed and metamorphosed the earlier rocks. There were both 
contact and regional metamorphic effects. Either at once or later the 
greenstones were left exposed to erosion. 

During Lower-Middle Huronian time, the advancing sea found ex
posures of all the earlier rocks including the batholiths of Laurentian 
age, but the sea probably did not reach as far north as St. Louis County. 
The sediments seem to be delta and river deposits rather than marine 
sediments. Upon the Archean rocks there are immense conglomerates, 
graywackes, and slates alternating with pebbly beds. 

In Algomian time there were intrusions of batholiths far greater than 
any others in this district. The Vermilion and Giants Range granites 
and related magmas intruded all the earlier rocks, deformed and recrys
tallized them, many almost beyond recognition. The elevation was great 
enough, so that the following period of erosion cut deeply into the batho
liths and left the metamorphic older formations as synclinal remnants, 
in a fairly flat country. 

Over the southeast corner of the area here mapped and extending an 
unknown distance into the area, there were deposited some Animikian 
sediments, including iron formation and slate. The history of these is 
given in more detail in studies of the Mesabi Range to the south. There 
was a period of erosion and a period of diabase sill intrusion before the 
final intrusive activity affecting this district. Then the great Duluth 
gabbro lopolith, probably in late middle Keweenawan time, spread into 
the district to an unknown distance, greatly altering the Animikian rocks 
at the southeast, but probably not greatly affecting the other formations 
except to tilt them a little to the south. 

At the end of the Keweenawan period the district was again eroded 
and with minor episodes this continues to the present time. No further 
deposition is recorded except that of the glacial drift, much of which 
covers the southwest townships, and much of which is reworked by 
glacial lake waters. 



ECONOMIC GEOLOGY 

GENERAL STATEMENT 

The area here mapped includes the productive ore bodies of the Ver·· 
mil ion iron-bearing range, and most of the smaller mines and prospects 
are within northern St. Louis County. No detailed study of recent de
velopments on that range is given here, although a small amount of 
detailed mapping has been done. For most of the Vermilion iron range 
detailed maps are available in the atlas accompanying Jll0 llograph 4S 
of the United States Geological Survey. 

Probably second in actual value of mineral production is the green
stone used for roofing. There are also prospects of asbestos, mica, gold, 
and potash rock, but none have shown great promise. \Vater powers in 
considerable number await development. 

The immense value of the iron production in the Vennilion and 
Mesabi districts has no doubt been the reason for considerable interest 
manifested in a series of lean iron deposits. These have been investigated 
with care and the results are here compiled, but the prospect of finding 
ore of commercial value is not promising. 

THE .MAGNETITE PEGl\IATITES 

INTRODUCTION 

Beginning about 1905 considerable attention has been given and a 
good deal of money spent in exploration of magnetite prospects in north
ern St. Louis County. Companies have been organized, prospectuses 
have been printed with all the misleading suggestions common to certain 
mine promotion enterprises, and considerable work has actually been done 
by both shafts and diamond drill holes. Up to 1923 the inaccurate 
methods of sampling and caring for the material have made the results 
of little value. The statements here made as to the nature of the deposits 
are therefore based almost wholly on surface observations. Vlhatever 
information from the drilling and shaft sinking appears trustworthy, 
confirms the idea that the deposits underground are similar to those 
exposed. The location of the drill holes indicates that if any magnetite 
was found in the drilling, as rumored, it probably was the extension at 
depths of several hundred feet of the deposits seen in outcrop. 

It is reported that on the strength of exposnres of some rilagnetite 
pegmatite, the price of land has been raisecl from the usual $5 or $IO 
per acre, com1110nly asked for rocky land after timber has been cut, to 
$500 or more per acre. Companies have purchasecl several hundred 
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acres at such exaggerated prices. This has been done with very little 
evidence as to the quantity and quality of magnetite. It is to give such 
data as may be available that this section has been compiled. While it 
cannot be supposed that the parties of the Survey sawall the magnetite 
in the district, they visited ~md mapped all the properties of the main 
prospecting companies and many others, including all rumored deposits 
and many deposits which seemed to be unknown to prospectors and settlers. 

GEOGRAPHIC OCCURRENCE 

The magnetite pegmatites, shown in Figure 6, occur widely scattered 
over the northern part of the county and extend slightly beyond the 
county lines both east and west. The formation cannot be classed as 
an "iron range," in the topographic sense, nor in the sense that it is 
extended into a belt like most Lake Superior ranges.1 The magnetite is 
found locally over almost the whole area of the Vermilion granite. Details 
regarding the prospects are given in the later descriptions of the area by 
townships. See especially the reports on T. 66 N., R. 17 W., and T. 
68 N., R. 19 W. An easily accessible locality is the northern slope of the 
hill about 300 paces northeast of the south end of the railway siding at 
Kinmount, in T. 67 N., R. 20 W. A similar, but perhaps leaner outcrop 
occurs on the road between Orr and the "halfway house" at Buyck, near 
the northwest corner of Sec. 16, T. 65 N., R. 17 W. It is noteworthy 
that all the prospects lie 20 to 50 miles north of the producing ranges of 
the state, so that the freight-haul would be longer than for the ores now 
being produced. 

GEOLOGICAL OCCURRENCE AND ASSOCIATED ROCKS 

The occurrences of magnetite are so definitely restricted to the area 
of the Vermilion granite (see Fig. 6) and so widely scattered all over that 
area, that the genetic relation between the two is not to be doubted. Mag
netite is found in a few places in the granite itself, but no conspicuous 
concentration occurs except in the pegmatites. No granite was found with 
more than 10 per cent magnetite, and only a few pounds of such rock could 
be seen. The pegmatites, though present in nearly every outcrop in the 
granite area, are much more abundant in the roof phases of the batholith, 
mixed with biotite schist, aplite, other schists, gneisses, etc. Magnetite 
is much more abundant in the mixtures of schist, granite, and pegmatite 
in about equal parts, than where either rock largely dominates. 

Magnetite is a primary mineral in some of the pegmatites. It appears 
to have formed early in the series of minerals, but shows very imperfect 
crystal forms. Its most intimate associate is biotite; in some pegmatites 

1 The most active promoter of the prospects in recent years called his 'properties the 
HNamekan Range." 
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biotite is the only dark mineral, in others, magnetite, and in a few, 
magnetite is surrounded by biotite, all in apparently similar positions in 
the pegmatite . Where the pegmatite is coarse grained, the magnetite also 
shows coarse crystals, up to several inches across, and these coarse mag
netite masses furnis h specimens that readily arouse interes t in the prospects 
of a mine. Most cOJ11monly there are variations in the richness of the 
pegmatite that seem to follow no law or regularity. One place has mag
netite and another has none, and it has not been found poss ible to 
predict a foot ahead of actual exposure, where the magnetite will be 
found. No law has been discovered governing the occurrence of ore 

Fig. 6. Showing by crosses the occurrences of magnetite in and near the V ermilion batho
lith . Stippled areas are syen it e. The magnetite of the Soudan iron·bearing formation is omitted. 
Detai ls of th e locations are hown in the ou tcrop maps of the individual towllships. The area 
of the batholith coi ncides 0 closely to the area of magnetite that the genetic connection is certain. 
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which might be used in determining favorable or unfavorable conditions 
for an iron district or for good deposits in a known district, aside from 
the bare statement that the best ores are in late pegmatites related to 
the Vermilion granite. This erratic concentration of magnetite in the 
pegmatites, combined with the equally erratic occurrence and form of the 
pegmatite in its association of schist and granite, \vould make careful 
drilling; imperative before making large investments in development of 
such a prospect. 

l\1ost of the magnetite-bearing pegmatites are pink in color from pink 
microcline, and most of them seem to be the latest phase of a complex 
igneous history; they cross all earlier structures and dikes, as commonly 
as they conform to them. The large white muscovite-bearing pegmatite 
dikes of Rainy and Kabetogama lakes have not shown any magnetite. 

l\Iagnetite has been seen in a few places, in special association. The 
gradation of pegmatite to quartz veins is common in the district and 
magnetite is present in a few small quartz masses that seem to be peg
matlt1c in ongm. Again the common pink variety of pegmatite has both 
pink microcline and white albite feldspar, and the magnetite in a few 
places increases with an increase of white feldspar. (See also Plate 
XI, B.) 

FORMS AND STRUCTURES 

The magnetite deposits, considered in a large way as material that 
might be mined, are probably to be classed as "stock-works." (See 
Plate VII, A.) The magnetite is in a network of veins or dikes in shat
tered schist and granite, striking in all directions and curving in and 
out around numerous inclusions of the wall. Some dikes follow the 
schistose structure, but rather more of them cross the structure at high 
angles. Most of the ore-bearing dikes have not sharply defined walls, 
but grade along their length into lean pegmatite or granite. Many are 
so small and irregular that they are to be classed as stringers rather than 
dikes. The dikes in contact with schist have in places injected the schist 
lit-par-lit, but only rarely has any magnetite been seen in the schist or 
smaller injections. Some magnetite pegmatite occurs in segregations 
up to three feet in diameter in granite. 

The network of dikes bearing magnetite is in a few places extended 
into a belt, constituting a roof phase of the granite, between more massive 
granite and the earlier schist. Such belts may extend more or less con
tinuously for some miles. No such belt, however, is continuously exposed. 
The scattered outcrops at Kinmount and for a few miles east strongly 
suggest such a belt with schist on the south and granite on the north. 
Magnetite occurs in a belt about IOO paces wide. 



PLATE XI 

A. Ladder vein9 of quartz crossing pegmatite dikes in biotite schist, near Buyck. The peg· 
mat ites contain some magnetite. 

B. ~Iagnetite concentrated in pegma.tite near all inclusion of mica schi st. In Section 
4, T . 66 N., R. '7 W . 
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As a rule the magnetite occurs in the pegmatites as scattered grains 
among other minerals, without regularity (Plate XII, A and B). A 
number of pegmatite dikes show some banding of minerals, or differentia
tion; such as a band of quartz in the center and more feldspathic material 
at the sides; or bands of aplite alternating with pegmatite. These struc
tures are more common in the older pegmatites than in the late ore-bearing 
pegmatites, but banding of constituents occurs in some of the ore also. 
When magnetite forms a band parallel to the sides of a dike or sheet, it 
has not apparently formed as a crustii'i.ed banded vein; for no case of 
symmetrical banding by magnetite has been discovered. In a few cases 
magnetite grains are especially abundant in a pegmatite along the borders 
of a schist inclusion. (See Plate XI, B.) The aplitic dikes and phases 
of dikes have nowhere been found to contain more than 2 per cent 
magnetite. 

CHARACTER OF THE MAGNETITE ROCK 

The magnetite rock selected from any opening in the deposits is 
pinkish to greenish gray and shows coarse feldspar, quartz, and biotite 
intergrown with magnetite. Biotite seems to be best developed as crystal 
plates, but none of the minerals is characteristically euhedral. The feld
spars are pink microcline and greenish albite or oligoclase which weathers 
white. Both are commonly present. Quartz is not abundant but can be 
seen in nearly every specimen. For general appearance see Plate XII, B. 
With such coarse material thin sections scarcely show more than a single 
grain. Laboratory separations with a hand magnet show 10 to 20 per 
cent magnetite in a number of selected specimens. 

The pegmatite is too variable to afford wholly satisfactory samples for 
analysis. A general average of the magnetite-bearing rock from the 
dump of a deep shaft in Sec. 3, T. 66 N., R. 17 W., was analyzed by the 
writer, and found to contain 12.84 per cent ferric oxide and 6.80 per cent 
ferrous oxide. For a complete analysis, see Table VIII, page 48 which 
has also analyses of some related rocks. 

A private report made by Charles Rees to Mr. Grenager of Duluth 
quotes the following analysis of selected magnetite grains from the same 

property. 
Per Cent 

Iron ..................................................... 68.25 
Sulphur .................................................. .055 
Phosphorus .............................................. .02 5 
Titanium ................................................ 1.60 

The concentration tests given below are also significant of the chemical 
nature of the ore. Since most of the iron is present in magnetite, only 
magnetic concentration has been attempted. In 1919, about I, roo pounds 
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of the best magnetite rock was sent fr0111 Sec. 3, T. 66 N., R. 17 W., to 
the Minnesota School of Mines Experiment Station for mill tests. The 
whole sample contained 35.80 per cent iron. Half a ton was magnetically 
concentrated at several stages of grinding. 

By weight ......... . 
Iron ............... . 
Silica .............. . 
Phosphorus ........ . 
Titanium ........... . 

By weight ........ .. 
Iron ............... . 

I 
Concentrates 

Per cent 
47.58 
60.91 

9·96 
.006 

2·72 

One-inch feed 

I 
Middlings 
Per cent 

25.50 
24.32 

I 
I 

I 
Tailings 
Per cent 

26.92 

2.30 

Middlings crushed to Yo inch 

I 
Concentrates 

Per cent 
8.37 

60.83 

I 
Middlings 

Per cent 
6.17 

13·78 

I 
Tailings 
Per cent 

IO·97 
2·37 

JVIiddlings crushed to 4 mesh and 10 mesh gave small concentrates 
containing about 50 per cent iron. \Vithout crushing finer than half-inch 
size, nearly all the iron gets into the concentrates. 

SUlIlmary of JlJa[lllclic Separation Test 

Per Cent Per Cent Per Cent Per Cent Per Cent 
by Weight Iron Silica Phosphorus Titanium 

Feed ............ IOO.OO 35.80 
Total COll cen tra te 57·2! 60.73 .OIO 2.61 
Tntal tailings " . 42 .79 2..:\8 

The iron in the concentrate is high and phosphorus very low. The 
average of three good deposits shows .006 per cent phosphorus in the 
concentrate at roo mesh. The titanium is not high enough to be objec
tionable, and the milling process could be managed without fine grinding, 
so that the concentrate would not need sintering. 

Assays have also been made by the experiment station on many 
samples taken at other places in the district by the Survey parties. Sample 
2367 X contained 0.23 per cent titanium oxide: the concentrate derived 
from it had 0.35 per cent. 
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Survey 
No. 

2337A 
2367X 
2381 
24IO 

2369 
2370 
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Location 

Ash River .................................... . 
Kinmount (estimated average) .................. . 
Kinmount (selected) ........................... . 
Sec. 29, Ash Rive!- (selected) ................... 1 

Sec. 3, T. 66 N., R. 17 W. (are dikes) .......... . 
Sec. 3, T. 66 N., R. 17 W. (gangue and walls) ... . 

Per Cellt 
Soluble 

liOll 

2-44 
4·80 

IO.80 

17.13 

9·34 
4·55 

II :rVlagnetic iron is the per cent of iron in form for magnetic recovery. 

MAGNETISM 

i Per Cent 
Magnetic 

Irona 

1.54 
3·80 
9.60 

15·81 
8.rr 

.26 

The ore in hand specimens affects the compass very notably. It was 
hoped for a time that the ore bodies could be found and traced under
ground by their effects on the dip needle and dial compass. After 
detailed work in several properties it was found that the effects are slight 
and erratic. (See Fig. I I, page 152.) The areas outlined show outcrops. 
In these areas, estimates were made of the per cent of "magnetic iron," 2 

and the data plotted beside readings of dip needle and dial compass. 
While some abnormal dip and dial readings occur in the same forty acres 
with the ore, the richest outcrop did not always give the abnormal read
ing; and some abnormal readings were obtained on bare granite outcrops. 
The correlation is very rough, to say the least. No belt could be fol
lowed magnetically, to indicate an extension of this deposit underground_ 

SIZE AND QUALITY OF MAGNETITE PROSPECTS 

Any discussion of the tonnage of such a deposit must be made with a 
clear understanding of the conditions just stated; briefly, the admixture 
of barren schist and an erratic concentration in an erratic rock. N ever
theless, with all these handicaps, the showing of magnetite has been 
sufficient in several places to stimulate extensive prospecting. The Survey 
parties have therefore taken a number of careful samples and made 
detailed maps of several areas. The geologists made estimates of the 
per cent of magnetite in the several outcrops, and their estimates were 
checked by assays. 

The magnetite pegmatites are nowhere of large size. The largest 
of such dikes noted was not over IS feet wide and could not be followed 
over 50 yards. Few are over 5 feet wide and most of them are very 
crooked (see Plate VI, B), winding in and out among inclusions. The 
mining of the pegmatite 'without handling the inclusions seems wholly 
impossible. The zones in which magnetite pegmatites are abundant may 
be a few hundred feet wide and several thousand feet long, but no such 

2 Per cent of iron in form for magnetic recovery. 
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belt has been well explored to prove its continuity. A series of such zones 
may cover an area of several townships, but the richer parts make a very 
small fraction of such an area. 

It is easily possible in several places to pick out a few pounds of 
magnetite that will assay about 70 per cent iron. These masses are of 
course too small to be considered ore bodies. It is also possible to select 
irom prospect holes, or with a small amount of blasting, samples of half 
a ton of ore which will assay 35 per cent iron. No exposure of 40 
acres, however, with over 5 per cent iron has been sampled or seen by 
the Survey parties. 

The most noteworthy areas are listed below, with the per cent of 
iron estimated from surface outcrops by men of long experience in mag
netite ores-men whose estimates have been repeatedly checked by 
sampling. In some, separate estimates were made of the richness of the 
pegmatite and its amount in the outcrop. These also were checked by 
assays. These are the best estimates available at the present time, since 
the drill cores, used for promoting, have been made useless for accurate 
estimates of quality and quantity. The outcrops in the region are so 
numerous and geologic conditions are so uniform that further work would 
probably only confirm these estimates. 

TABLE IX 
Areas and ROllghly Estimated Pcr Cent of "111agnetic Iron" of the Bettcr Looking 

Exposures in Northern Sl. LOllis County 

Per Cent of 
Magnetic 

Irona. 

IO 

5 
5 
5 
5 
5-

4 

4 

3 
3 

Area in 
Acres 

10 

4 0 

10 

10 

20 

100 

40 

20 

20 

10 

Location 

NE;,i NE;,i Sec. 29. T. 68 N., R. 19 W. 
NE;,i NE0 Sec. 29, T. 68 N., R. 19 w. 
NEY4 SW;,;-; Sec. 3, T. 66 N., R. 17 W. 

N0 SW;,;-; Sec. 36, T. 66 N., R. 17 W. 
SW;~ SEY4 Sec. 33, T. 67 N., R. 17 W. 
East-west belt through centers of Sec. IS, 16, 17, T. 67 N., 

R. 20 W. 
i SW)4 NW;4 Sec. 32, T. 68 N., R. 19 W. and 

NW;,4 SW0 Sec. 32, T. 68 N., R. 19 W. 
E0 SE0 Sec. 4, T. 66 N., R. 17 ",T. 

I SW% SEY4 Sec. 33, T. 67 N., R. 16 W. 
Ny~ NE;,4 Sec. 20, T. 66 N., R. 17 W. 

3. Iron in snch mineral forms that it c~n be concentrated magnetically. 

In general the profit to be made per ton in handling of low grade iron 
ore will be small. A study of operating costs of plants whfire iron ores 
are concentrated magnetically also shows that most of them could not 
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operate profitably if they used the expensive methods of underground 
mining.3 The search for ore in such a belt as this sh<?uld therefore be 
directed first to the material within 200 or 300 feet of the surface. Deep 
drilling is wasteful. If the grade of some considerable body of ore is 
found to be much better than that of the whole belt, a careful calculation 
of costs should be undertaken before any further operations are justified. 
A difference of a few cents in the price of ore may change a profit into 
a loss in the case of these low grade ores. 

THE PROBABLE EXTENT OF MAGNETITE BODIES WHERE CONCEALED 

No prediction can be made ahead of actual exploration of the extent 
or form of such an ore body as a hill of schist, shot through with irregular 
dikes of magnetite pegmatite. Several of the areas, however, have a slight 
elongation in one direction, as if a belt or tabular mass was to be indicated. 
It may be suggested, where granite appears to dominate on one side and 
schist on the other side of the prospect, that the deposit is in a roof 
phase of the batholith; the schist representing a roof pendant. Such is 
the belt running east from KinmOltnt. The magnetite rock mixture in 
such a case might be expected to follow around the contact of the two. 
The suggestion, however, has not made it possible to find or trace any ore 
bodies. It is simply to be noted that most of the good magnetite is in a 
mixed rock; other mixed rocks with apparently as favorable conditions 
are wholly barren. 

ORIGIN OF THE MAGNETITE BODIES 

The first and most evident fact is that these magnetites are primary 
minerals of the pegmatites related to the Vermilion granite.4 

Second, the granite itself has in several places some magnetite, show
ing that the magma was not an improbable source for the derivation of 
iron-bearing differentiates. See later township reports for T. 67 N., 
R. 17 W., and T. 67 N., R. 16 W. 

The third fact evident is that the magnetite-bearing pegmatites are 
most notably developed in a zone of fragments and inclusions between 
massive granite and large bodies of metamorphic rocks. It cannot be 
maintained, however, that the nature of the older rock of the fragments 
and roof of the batholith had any essential part in the origin of the ore. 
The pegmatites may be rich in one place and lean in another with similar 
schist in similar relations. And the magnetite concentrations are partly 

8. Davis, E., W. Magnetic concentration of iron ore: Minnesota School of Mines Experiment 

Station Bull. 9, p. '35, 192 1. 
4 Winchell, H. V., once suggested that iron formations may have been included in material 

melted up to form the granite but the idea is no longer favored. See Geologic age of the Saganaga 

granite: Am. Jour. Sci., vol. 4', p. 390, 1891. 



Ely. 

A. Magnetite pegmatite block. 

Pl.ATE XII 

B. H and specimen of magnetite peg
matite about one third natural size. 

c. Mi ll and qu arry of the Emera ii te Surfacing Products Compan y, th ree miles west of 
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in mica schist and partly in hornblendite areas, though the two rocks 
differ widely in their iron content-about 5 per cent in the mica schist, 
and about 10 per cent in the hornblendite. This is most clearly shown 
north of the falls of Ash River where an area of practically continuous 
(though very lean) magnetite rock covers perhaps 80 acres. The south
western half shows mica schist with less than 5 per cent hornblende 
schist; the northeastern half shows, on the contrary, practically no rock 
but hornblende schist and magnetitic pegmatite. The magnetite in the 
pegmatite, therefore, seems to be a result of processes inherent in the 
granite and 1].ot of processes of assimilation of the country or roof rock. 

This point may require further discussion. The similar pegmatitic 
magnetites of the eastern United States have been attributed to the iron 
of the silicates in the older rocks.5 The arguments there used, however, 
do not apply to the :Minnesota conditions. The altered basic rocks that 
form the walls of the ore in Clinton County, New York, have a good deal 
of magnetite and other iron-bearing minerals. In the mica schist, that 
is the most abundant wall rock of Minnesota ores, not one fifth of the 
mass has any magnetite whatever. A little pyrite is more common, but 
is not likely a source of ore. The granite of Minnesota also has much 
less magnetite than that in New York. The less abundant hornblende 
schists near these ores have rarely any magnetite and none have been 
found with over 5 per cent. The total iron contents of the several rocks 
may also be significant. The mica schist has an average content of about 
5 per cent iron, the hornblende schist about 10 per cent, and the normal 
granite has hardly I per cent; in contrast to these, the magnetite
pegmatite may carry about 15 per cent iron and the basic segregations 
in the border phases of batholith over 50 per cent. See Table VIII, 
analysis 14. 

Certain features of Minnesota rocks, however, do suggest a good 
deal of reaction between the igneous rock and its walls or roof. Most 
of the walls are biotite schist, about 30 per cent biotite; and it was noted 
in the description of the granite that where schist is abundant the granite 
seems unusually biotitic; biotite increasing from 2 per cent to 6 or 8 
per cent, as if it had been absorbed and crystallized out again, becoming 
indistinguishable from primary biotite. The case is equally clear for the 
assimilation of some biotite in the pegmatites ; the biotite, spalled off from 
inclusions of biotite schist, is recrystallized so thoroughly as to become 
indistinguishable from primary biotite in the pegmatite. N ow the increase 
in biotite content by assimilation is evidence of the increase in iron content, 

G Miller, W. J., Magnetic iron ores of Clinton County, New York: ECOll. Geo!., vol. I4, 

p. 509-35, 1919· 
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and might strongly suggest that magnetite was also a ,result of assimila
tion. The two minerals occur in similar relations to pegmatite-they 
even occur together in a number of cases. Two other facts, however, 
seem to be opposed to any such theory of the origin of the magnetite; 
the mica schists show hardly a trace of magnetite, and the alteration of 
the schist inclusions does not seem to have produced magnetite in any 
of them. 

It is therefore believed that the iron was first concentrated from a 
granite low in iron, into the pegmatites by the segregation of those peg
matites; and locally concentrated in some of the late pegmatites (rather 
uni formly in all), near the upper phase of the batholith where the schis
tose roof was shattered and broken. The conditions which determined 
that magnetite developed in some pegmatites and not in others may have 
been accidental, but are so far unknown. 

The degree of concentration may be judged from the analyses, show
ing about 2 per cent of iron oxides in the granite and 19.64 per cent in the 
selected ore. The titanium oxide shows no such concentration. The 
granite carries .29 per cent and the selected ore .. p per cent of titanium 
oxide. 

COMPARISON WITH DISTRICTS HAVING SIMILAR ORES 

Lyon Mountain, New York, produces magnetite from a series of pre
Cambrian pegmatite dikes, intruding gabbro and amphibolite. The normal 
granite of Lyon Mountain contains from one to three per cent magnetite, 
and the gabbro much more. Both are therefore richer in iron than the 
country rocks in St. Louis County, Minnesota. Relatively little concen
tration was necessary in the magma to make the Lyon Mountain ore. 
The magnetite pegmatites are mineralogically similar to those in Min
nesota, but are larger and form much more continuous belts than have 
been discovered in Minnesota. Miller concludes6 from the constant asso
ciation that the pegmatites derived much of their iron from the gabbro 
and amphibolite. Colony and New'land consider the iron more directly 
magmatic, the assimilation not necessary.7 

Magnetite ores in the Highlands of New Jersey are partly in pre
Cambrian pegmatite. Bayley concludes8 that after the cooling of the 
granite (gneiss), which had little magnetite, a more ferruginous portion 
of the magma intruded the gneiss as magnetite pegmatite; and still later 
the iron-bearing solutions emanating from deep magmatic sources enriched 
the ore somewhat. In this later enrichment the New Jersey pegmatites 

G IVlilIer, \V. J., ~Iagnetic iron ores of Clinton County, New York: Econ. Geo1., vol. q .. 

pp. 509-35, 1919. See also Econ. Geol. yol. IS, pp_ 268-69, 1923. 

7 Colony, R. J-, Magnetite iron deposits of southeast New York: N. Y. State Musenm 
BulL 249-50, pp- 69-73, 19 2 3-

• Bayley, W. 5., Iron mines and mining in New Jersey: New Jersey Geol. Survey, vol. 
7, Final Rept., pp- 147-93, '9'0. 
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seem to differ from those in JVlinnesota. No vein-like masses seem to 
cross the Minnesota ores except a few small sulphide veinlets. Much 
more of the New Jersey magnetite ore is outside the pegmatite in 
the country rocks than is in the pegmatite. In this respect no comparable 
deposits are found in Minnesota. 

In North Carolina, pre-Cambrian magnetite pegmatites occur, which 
Bayley9 finds closely similar to those in New Jersey. The main ore is a 
magnetite-hornblende rock with or without quartz and epidote; but this 
is crossed and in places enriched by dikes of pegmatite, magnetite 
pegmatite, and even pure magnetite. 

Outside of the Appalachian Mountain region few magnetite deposits 
have been described as being so definitely related to pegmatite. Ball has 
described a deposit of lean iron ore closely resembling the Minnesota 
deposits, from the pegmatites of the Georgetown quadrangle, Colorado,l° 
and Lovering has found such pegmatites near Cooke City, Montana.l1 

Van Hise and Leith mention briefly, also, a deposit in the Atikokan 
district of the Lake Superior region12 which seems pegmatitic, but consists 
largely of amphibole and magnetite, related to a diorite, thus differing 
greatly from the pegmatites here described. 

THE SEGREGATED MAGNETITE 

GENERAL SETTING 

An earlier reporP3 has briefly noted an iron prospect 111 the south
west quarter of the northwest quarter of Sec. 4, T. 63 N., R. 12 W., north 
of Ely, Minnesota. Several test pits were opened many years ago, but 
the ore was then supposed to be a phase of the Keewatin. Since the 
timber was cut a dense growth of brush has sprung up and the outcrop 
is not easily found. It is best reached from High Lake by following 
the sketch map, Figure 7. 

The country rock for about a mile each way is banded and syenitic, 
the border phase of the Vermilion batholith. The general setting in the 

o Bayley. W. S., Magnetic ores of North Carolina-their origin: Econ. Geol., vol. 16, pp. 

1-+2-52, 192 1. 

10 Ball, S. H., General geology of the Georgetown quadrangle. In U. S. Geol. Survey, 
Prof. Paper 63, pp. 61-631 1905. 

U Lovering, T. S., The New World liining District, Montana; Thesis, 'University of ~1:inne

sota, 1924. 

"Van Hise, C. R., and Leith, C. K .. Geology of the Lake Superior region: U. S. Geol. 
Survey, 11.1:011. 52, p. 562, I9II. 

12 Winchell, N. H., and H. V., Minn. Geel. and Nat. Hist. Survey Bull. 6, pp. 7-24. IS91. 
The magnetite rock is described as having t"'supposed igneous characters, but these are found 
sometimes to fade Qut, and a sedimentary lamination to supervene." 
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surrounding region i shown in P late 1. The Keewatin greenstone and 
its included iron formation are more than a mi le away to the south . T he 
Knife Lake slates occur in and near the a reas of greenstone as synclinal 
belts. Igneous intrusive magmas have turned much of the slate to mica 
schi st. Just south of the syenite in which the ore band occurs is a 
narrow belt of granite gneiss which is intruded by the syenite. Just 
north of the syenite is the great Vermi lion granite batholith which in 
places intrudes the syenite. In other places the syenite seems to grade 
into the granite; and this, in connection with its pos ition along the borders 
o f the granite, makes it evident that the syenite is an early differentiate 
of the g ranite magma. 

o· 
~ Banded sye nite , e tc . ,'Str ike of bands . 

'::§t Knife. Lake slate a nd mi ca sch is t. 

ttta Earlier 9 n e '1 S S ,)\:::: Ely 9 r e ens to n e 
In the ma gn etite segregation 

Fig. 7. Map of ou tcrops in and near Sec. 4, T. 63 N., R. 1 2 W ., showing the test pits in 
segregated magnetite. 

The largest development of syenite a round the granite batholith is 
fo und on Basswood Lake, along the international boundary. A relatively 
narrow belt extends westward to H igh Lake, and intermittently for many 
miles farth er west . Near High Lake the syenite is more banded, and ha 
a greater proportion of dark minera ls than in most places . The bands 
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include some rare petrographic types such as the shonkinite (Basswood 
type). See page 40. N ear the ore, several bands of the rock are espe
cially rich in dark minerals, but those tested were found to contain less 
than 10 per cent magnetite. :Most of the feldspar in the bands is ortho
clase and oligoclase; but a few bands contain andesine and should be 
classed as diorite. 

THE ORE 

The band of ore is about 4 feet wide and has been traced by test pits 
for perhaps 100 yards. It is banded, like its wall rocks, with varying 
amounts of magnetite and silicates in the several bands. The elongated 
crystals are partly oriented in the direction of the bands. Both crystals 
and bands strike N. 60° E. and dip nearly 90°. In one test pit the ore 
is cut by aplite, such as is common in both the syenite and the related 
granite. 

The ore consists of magnetite, ilmenite, hornblende, 'green spinel, and 
a very light brown biotite, with a little pyrite and allanite as accessories. 
(See Plate X, C and D.) 

TABLE X 

Analyses of Segregated Magnetite Bands in the Border Phase of the 
Vermilion Batholith 

SiO, ........... . 
Al,03 .......... . 
Fe20 3 ••••••••••• 

FeO ........... . 
MgO .......... . 
CaO ........... . 
Na"O .......... . 
K,O ........... . 
H,O+ ......... . 
CO 2 ••.••••••••• 

5.69 
7.2 3 

46·92a 

27·87a 

3·70 
1.03 
.28 
.24 

!.I 7 
.26 

2 

IO·90 
5·83 

70·39 
8.i5 
1.50 

1.20 

Ti02 

CoO 
NiO 
Cr,O, .......... . 
V 20, ........... . 
S .............. . 
P 20, ........... . 
MnO .......... . 

5-97 
.07 
.09 
.03 

-49 
.12 

.02 

.26 

101.44 

2 

none 

-47 
.02+ 

none 

• Total Fe = 55.39, Magnetic Fe, 49.28. Tabulated results have been recalculated. 

1. Sample coIIected in Sec. 4, T. 63 N., R. 12 iN., Minnesota, by F. F. Grout. Analyst, 
J. H. McCarthy. 

2. Specimen obtained from Mr. MaIlman. Analyst, J. A. Dodge. 

Note should be made of the titanium content. This was not found in the older 
work, and its absence led to a suspicion that the ore was not strictly igneous. 

The magnetite is partly, if not wholly of late crystallization. It sur
rounds, and in places cuts across, the silicates. Ilmenite is in subhedral 
grains of about the same size as the grains of magnetite-not intimately 
intergrown with the magnetite along crystallographic planes, as it com-
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munly is in gabbru or~s. The hornblende is of the CU111mon green variety, 
with a mean index of refraction about 1.672.14 Biotite in the ore is very 
light colored and has an index of refraction gamma about 1.610. These 
features indicate that the iron of the magma was in some way concen
trated into the magnetite leaving relatively little in the mica. Is Green 
spinel is abundant only in a few of the richer ore band~. The composition 
of the ore is approximately shown by the analysis in Table A, made for the 
Survey by the Minnesota School of Mines Experiment Station. An 
older analysis on material of less certain origin is added for comparison. 

ORIGIN OF THE ORE 

It is believed that the bands of magnetite 5 miles north of Ely are 
not of pegmatitic origin because the pegmatites of the same batholith 
have some non-titaniferolls magnetite deposits, of very different char
acter from these. (See pages 64 to 70.) Furthem10re, hydrothermal effects 
are not conspicuous and some of the richest ore is associated with igneous 
minerals with practically no signs of alteration. The field occurrence of 
the magnetite band in banded syenite is almost conclusive evidence of its 
origin by igneous segregation. The occurrence of the magnetite band 
where most of the other bands are especially dark and ferruginous, is 
confirmatory. The process by which it segregated and attained its present 
vertical position still requires discussion. 

The degree of concentration is noteworthy. vVhile the "main granite 
of the batholith has only about 2 per cent of iron, the ore was probably 
segregated at an early stage represented by the syenite with 5 per cent 
or more of iron. From this magma, segregation has produced bands 
which show 20 to 65 per cent of magnetic iron, as estimated from meas
urements of thin sections. Evidently at a certain stage, magnetite crys
tallized much more abundantly than it did before or after. The evidence 
appears in the thin sections, showing that magnetite was not first to 
crystallize, and in the field occurrence of the ore which lies between layers 
of other rock types-not at the base or border of the igneous rock. 

The trachitoid texture and banded structure of the ore are conclusive 
evidence of motion during crystallization. The motion ,vas probably in 
the nature of a convection. (See page 51.) The ore crystals accumulated 
along the cooling wall of the batholith at the particular time 'when con
ditions especially favored the formation of magnetite in the circulating 
magma. 

11 \VinchelI, A. N., Studies in the amphibole group: Am. Jour. Sci., ~.·o1. 7, pp. 287-310, 
19 2 4. 

1[. Grout, Frank F., Notes on biotite: Amer. 1\Iineralogist, \'01. 9, pp. 159-65, 1924. 
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Several other districts are known to have magnetite deposits lr1 

banded syenite, so that this theory of origin is not at all unique. The 
magnetites of Lapland in northern Sweden, at Gellivare and Kiruna are 
associated with syenites. Some of those in New York and New Jersey 
may also be in this class. 

ECONOMIC FEATURES 

The ore body now known is too small to be of much interest, and the 
exploration conducted years ago probably proved that no greater volume 
is to be expected here. Other bands of the same sort, however, may exist 
in the region. Rumors have come to the Survey of some iron ore in 
sections 33 and 34, T. 64 N., R. 12 W., north of this deposit; but 
no ore has been seen there by Survey parties. Some dark bands of pyrox
enite are known to cross the area and there may be others. 

The magnetism of the ore makes it possible to concentrate even the 
leaner portions to a rich product. The injurious impurities are easily 
removed in the process, chiefly because ilmenite is in coarse grains. The 
magnetite grains, however, range about 0.5 111m. in diameter, with some 
rather smaller, so that fine grinding would be necessary for a high recov
ery. A test made by the lVlinnesota School of Mines Experiment Station, 
using a magnetic washer, and ore ground to roo mesh, gave 7r.6 per 
cent of concentrate, which contained 68.83 per cent iron, .92 per cent 
titanium oxide, and .010 per cent phosphorus. 

The search for tonnage, then, is the first step in any further con
sideration of these ores. This search, if attempted, should be directed 
to the area of the syenite of Basswood Lake and other such syenites near 
the \-ermilion granite. 1G 

THE VERMILION IRON-BEARING DISTRICT 

GENERAL STATElIIENT 

The Vermilion district has been treated in the Final Reports of the 
State Survey and in monographic reports of the United States Geological 
Survey. 1\0 attempt has been made to review that work in detail. A 
few notes are here given as additions to mapping and records of recent 
activities on the range. The ores are a part of the Soudan formation of 
the Archean, and are cOll1monly folded into areas of Ely greenstone. "It 
is significant that notwithstanding the enormous Sl1111S of money spent in 
exploration of the district, no ore deposit of magnitude has been developed 
outside of the t,\'o principal series of deposits at Tower and Ely which 

}(I ::-.Jot to the greenstone and other i1lclusions in the gr:lnite, as sl1ggested by vVinchell. 
l\fillil. CeoJ. ;mcl N:1t. Hist. Survey Bull. r), p. 24, I8gI. 
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were the first discoveries in the district."17 The explorations in Sec. 30, 
T. 63 N., R. I I VV., just east of the county here mapped, resulted in the 
development of some small bodies of ore which have been mined and 
shipped. There are also two or three incomplete explorations, which may 
result in a certain production of ore, but none which promise large results 
in comparison with those already mentioned. Drilling and underground 
workings have been undertaken in recent years, at Armstrong Bay, at 
Robinson, and east of Rice Bay on Vem1ilion Lake. 

The monographic treatment of the Vermilion Range'S was not ex
tended west of Vermilion Lake, but it is well known that the Ely green
stone and Soudan formation are widely distributed under the drift, with 
a few outcrops west of St. Louis County. Some magnetic lines mapped 
in Plate I of Monograph 52 of the United States Geological Survey are 
known to be caused by Soudan fonnation. :Most of the area from 
Vermilion Lake to the west side of the county, however, is not promising 
as an area for prospecting. 

The large ore bodies that are the foundation of activity in the Ver
mil ion district are those at Soudan and at Ely. N early a million tons 
were shipped from the Vermilion Range in 1924, mostly of bessemer 
grade. There has been little tendency to conduct exploration, however. 
because the prices of iron ore were low. 

The Soudan mine in 1924 was improved by concrete work and elec
tric equipment, using newly developed power from a dam at Fall Lake. 
The mine is opened to the twentieth level at 1650 feet. 

The group of mines at Ely, the Pioneer-Chandler, the Zenith, and the 
Sibley, were all working in 1924 at depths around 1100 feet. A branch 
ore body discovered in relatively recent work has been followed back up 
within 200 feet of the surface. 

The Armstrong Bay prospect, (the La Rue mine), in Secs. 7 and 8, 
T. 62 N., R. 14 W. has a railroad, and the development work includes 
two adits into the hill. The ore includes a hard hematite and a soft 
brecciated type, both of which have been stock piled. The wall rocks 
seem to be intrusive porphyry, at least on the south side. 

At the principal mines considerable progress has been made in the 
understanding of the structure and relations of the ore bodies. The 
Oliver Iron Mining Company has had its staff of geologists and engi
neers at work on the detailed geology, both at Soudan Hill and at the 
Ely trough. Dr. C. K. Leith has been directing some exploration also at 
Ely. At the Zenith mine the wall rock north of the ore seems to be 

17 Van Hise, C. R., Leith, C. K., and :Mead, W. J., Geology of the Lake Superior region: 
U. S. Geo!. Survey Mon. 52, p. 137, 191 I. 

18 Clements, J. M., The Vermilion iron-bearing district: U. S. Geo!. Sl1r\'ey Mon. 45. 1903. 
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different from that Oil the south which is more normal greenstone. These 
several studies are yet incomplete, but a most important feature has been 
the realization that intrusive porphyries, later than the Soudan formation, 
cut the rocks and ores at a much larger number of places than was for
merly supposed. Two samples taken by the Survey parties from the eighth 
level of the North Chandler mine have the microscopic character of later 
intrusives rather than those of the Ely greenstone. 

"The iron ore formation or jasper is found in pitching synclines and anticlines, 
or in steeply dipping lenses, having greenstone foot waIl and in many places appar
ently overlaid by greenstone also. Both jasper and greenstone are intruded most 
irregularly and intricately by basic igneous rocks, chiefly porphyries. During the 
past year, considerable geologic knowledge has been added to that previously as
sembled regarding Vermilion orebodies, particularly in recognizing great quantities 
of intrusives in both Ely and Soudan mine areas and in interpreting accurately the 
structure of these orebodies This additional information is of much importance 
in estimating ore tonnages. 

"No fixed practice is foIlowed in estimating probable ore except that 100 feet 
vertically below a bottom level is the maximum depth to which ore is assumed to 
extend. This limit is warranted because of the presence of large quantities of igneous 
intrusive rocks in both Ely and Soudan orebodies and the uncertainty as to where 
the orebodies may be cut off entirely in depth by these intrusives. 

"The Soudan ore is very hard, dense and high grade and IO cubic feet per long 
ton is used in estimating it. Some of the Ely ore along the foot waIl is hard and 
dense but much of the orebody is relatively soft and some is even granular and fine; 
I2. ctlbic feet per long ton is used for it. The Ely orebody lies in a syncline, of 
which one limb extends eastward between greenstone foot and hanging walls. The 
ore body in the synclinal area occurs at the base of the jasper on the greenstone foot 
wall. At one place practically the entire width of the syncline is ore. The bottom 
part of the eastward extension of this jasper syncline is ore, having greenstone on 
either side of it. Ore is developed in the Ely trough to a vertical depth of 1460 

feet. 
"The Soudan mine is in a combined anticlinal and synclinal area cut by many 

intrusives so as to form pitching troughs in the jasper. The ore has been localized 
by leaching and concentration of the jasper in these troughs."'· 

The detailed work done by the state and federal surveys on the Ver
milion made it clear that all the ore bodies were to be expected in close 
association with Ely greenstone. eo It was therefore a natural tendency 
in the first work done, to class several formations as greenstone if there 
was any doubt of their nature. This left the doubtful area still a subject 
for prospecting; and it was desirable to have it so until the deposits were 
all discovered. Detailed work shows not only that some of the green 

10 \Volff, J. F., Derby, E. L., and Cole, W. A. Sampling and estimating Lake Snperiol' 

iron ores: :Mining and ]\'IetallLlrgy, Sept. 1922, pp. 43---+4· 

20 nIinn. Geol. and Nat. Rist. Sun'ey. Final Rept., vol. 4. p. 547· 
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rocks are intrusives, but also that some are greenish phases of later sedi
ments. Few such areas have been found, however, and none require 
special mention. 

While the main ore of the Vermilion Range is said to be hard ore, 
there is a variety in its hardness, and different bodies evidently have had 
different histories. Ores enriched by leaching of the jaspilite of the 
Soudan formation may be, at first, soft hematite. This may be hardened 
by recrystallization under pressure, or by cementation. Some specimens 
show hematite, and a few show siderite, as the cement; but rather more 
are hard blue hematite which probably resulted from recrystallization. 
Any of these hard ores may be later brecciated, and again more or less 
cemented. Much of the ore now found has had this complex history of 
brecciation. On the other hand, close beside some hard ores of this sort 
there are in places soft hematites that seem to be a result of leaching at a 
more recent geological period. A certain amount of so-called soft ore 
is hard ore breccia with a soft clay like cement, instead of the usual 
hematite or quartz cement of hard ore. 

MAGNETITE BODIES IN THE SOUDAN FORMATION 

The published descriptions of the Soudan formation list the black 
banded variety as one of six modifications, giving it no special promi
nence, but noting that in this variety the iron oxide is commonly in large 
part magnetite.21 In discussions of the ores, the jaspers are said to 
alternate with layers of hematite, but to contain magnetite in places. 2~ 
It is therefore of some importance to note that there is a high proportion 
of gray magnetite-bearing rock in the Soudan formation as a whole. 
These black banded rocks are, for the most part. too lean to be shipping 
ore. The deposits furthermore, are practically all steeply tilted in contrast 
with the gently dipping widely exposed beds of the Mesabi Range. While 
some of the maps of the Vermilion Range may show belts of Soudan 
formation of fair width and great length, these have been generalized 
from detailed maps; as a matter of fact the Soudan formation outcrops 
in patches and stringers along the belts and does not constitute the 
whole of any extensive belt yet mapped. 

The quality of the black banded Soudan formation is shown by the 
following tests made at the Minnesota School of Mines Experiment 
Station. The generally low grade of the concentrate is noteworthy. See 
column 3. 

21 Van Hise and Leith, 01'. cit., p. 125. 

""Ibid., p. 140. 
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TABLE XI 
C ol1ccntratioll Tests on Sa11lples of So udall I rOil-Bearing l'orlllation 

Crude Ore Tube Cone. Tube Tails Tube Cone. Crude Ore 
Sample Per Cent Pel' Cent Per Cent Per Cent Per Cent 

No. Sol. Iron Sol. Iron Sol. Iron Recovery Mag. Iron 

2345 18·30 52.54 3.28 30049 16.02 
2346 29. 13 58.79 5·19 44·66 26.26 
2348 16047 44·07 2·75 33.20 14.63 
2800 35.84 59·63 3·13 57·89 34.52 
2801 16.01 36·30 3·51 38.12 13·84 
2803 17.92 35·53 2-75 46.28 16044 
2805 18.00 57·19 2·90 27.81 15.90 
2806 23.87 52.54 2.82 42.33 22.24 
2807 27·53 60.85 SAl 39·90 24.28 
2808 23049 56·58 5·49 35·23 19·93 
2809 7.63 24·55 4·76 14·50 3·56 
2810 15·63 41.02 6·79 25.82 10·59 
28 II 28.67 55·51 25.52 10·50 5·83 
2848 17.61 54.90 3·66 27·22 14·94 
28.+9 15·56 45·14 5.72 24·96 11.27 
2850 28.21 67.02 8.92 33.20 22.25 

The per cent of magnetic iron may be high enough in certain masses 
of Soudan formation to make them almost equal to the magnetite ores on 
the eastern Mesabi Range. The low grade of concentrate, however, and 
the relatively small bodies of ore near the surface make it unlikely that 
they will soon be developed. It is possible that the fine grinding needed 
on the eastern Mesabi ores for full recovery, would not be needed on the 
Vermilion magnetites. Some of the ore bands are almost free from 
gangue minerals. 

MAGNETIC SURVEYS 

The important Vermilion ore deposits were discovered through more 
or less conspicuous surface exposures, but the detailed mapping of the 
range has been greatly facilitated by the fact that most of the Soudan 
formation affects the dip needle and dial compass. Having by means 
of the magnetic effects located the formation, the explorer finds little 
value in the dip needle or dial in deciding where the ore is good. Dip 
needle and dial work were plotted by the United States Geological Survey 
in connection with Monograph 45, over a large part of the range, and 
some magnetic lines west of St. Louis County, related to similar Vermilion 
formations are shown in the map of the Lake Superior region accom
panying Monograph 52. Little information has been available between 
the east end of Vermilion Lake and the west side of the county. Several 
surveys have been made by private companies but the results are so 
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largely negative that none seem to have been considered worthy of pub
lication. A few are shown in the township reports, following, but the 
published records of work in the Atlas of the United States Survey M 0110-

graph 45 are not reprinted. Some of the details of the present survey 
are shown in the sketches accompanying the reports on T. 63 N., R. IS \iV.; 
61 N., R. 18 W.; T. 61 N., R. 19 W.; and T. 62 N., R. 18 W. 

The outcrops near the magnetic areas west of Vermilion Lake are not 
sl1ch as to lead one to expect iron-bearing formation. There are mica 
schist, greenstone, and intrusions of granite, gabbro, and so forth. No 
iron formation has been seen, though it may possibly be present under 
the drift. It was found that magnetic attraction was in some cases due 
to other rocks besides iron formation. The dip needle is deflected at or 
near some surface exposures of greenstone. The contacts of intrusives 
also develop magnetic belts. Such an effect is suspected in the long 
belt from Sec. 21 to Sec. 31 in T. 61 N., R. 18 VV., where the granite 
lies south and the mica schist north of the belt. No iron ore bearing 
rocks are to be expected. but since no rocks outcrop in the belt itself the 
occurrence of Soudan formation is not impossible. A rather remarkable 
area of magnetic attraction is almost coincident with a series of outcrops 
of syenite in T. 62 and 63 N .. R. 21 \lV. It is clear that the syenite or its 
contact belt produces the attraction, though the adjoining formation is 
Ely greenstone. in which belts of Soudan formation are entirely possible. 

OTHER IRON DEPOSITS 
• 

In a region so close to the :lVIesabi Range it is natnral that any ap
pearance of iron minerals should arouse interest. The attention of the 
Survey parties has been called to a considerable number of less promising 
deposits. 

Limonite (bog ore) deposits along streams and near springs are nu
merous in the county. None have been found to be extensive. Since most 
of the waters near these deposits are sulphate waters, it is thought that 
they result from decomposition of sulphides of iron rather than from 
oxides which might prove to be ore. The presence of yellow iron oxides 
then seems to be without economic significance in the district. 

The east end of the Mesabi Range, where the ore is magnetic extends 
into the corner of the area here mapped, but in that corner the magnetite 
beds are thin, irregular, and steeply tilted. They have heen discussed in 
a report on the area to the south. oS 

~ Grout, Frank F'J and Broderick, T. AL, The magnetite deposits of the eastern lvlesahi 
Range, 1\!~illllesota: IVlinn. Geo1. Survey Bull. 17, 1919. 
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The Duluth gabbro which intrudes the older rocks at the southeast 
also contains some magnetite, the titaniferous variety for the, most part. 
N a segregations of importance occur in this part of the gabbro. 

The Agawa iron-bearing formation has not been found to contain 
beds of commercial grade and quantity anywhere in Minnesota. The 
most conspicuous exposures in northern St. Louis County are those east 
of Rice Bay of Vermilion Lake, Sec. 36, T. 63 N., R. IS W. The car
bonate rock which outcrops in Sec. 3, T. 62 N., R. 18 W., east of Cook 
may also be Agawa formation, but it contains little lron. 

GREENSTONE PRODUCTION 

In connection with the paper industries of :Minnesota, considerable 
quantities of tar paper are made, and the tar and paper workers also make 
roofing papers and artificial shingles that have a mineral surface and an 
appearance like slate. For some time they shipped green slate refuse to 
Minnesota from quarries in the Appalachian region. In 1921, on the 
advice of the Minnesota Geological Survey, a quarry was opened near 
Ely in the slate phases of greenstone, thus reducing the freight charges, 
the haul b::ing several hundred miles shorter. The stone is crushed between 
10- and 2o-mesh and screened in a mill at the quarry and shipped to 
rooii.ng manufacturers at several places. It proves entirely satisfactory. 

The disposal of the screenings that pass 20-mesh screens, constituting 
about 35 per cent of the rock quarried, make a considerable item of 
expense. The slate quarries in the east have a similar waste, and have 
developed a market for some of the fines, as filler in paint, hard rubber, 
oilcloth, window shades, linoleum backing, etc. Experimental work along 
such lines might be profitable here. Possibly some machinery for very 
fine grinding might turn the waste into a valuable product.2< 

The rock of the property where the quarry is located is largely a 
porphyritic variety of greenstone, probably intrusive. In the work of 
development in 1922, a shear zone was encountered which did not mill 
satisfactorily. It gave too large a proportion of fine dust and was of 
undesirable color. It has been possible to get through this zone, however, 
and probably few such difficulties need be expected. The supply is 
unlimited. 

In the season of 1921 the quarry and mill 'were opened and tried out. 
The mill had a capacity of 80 to 90 tons a day, (See Plate XII, C.) 
In 1922 about 4,000 tons were shipped. In 1923 two shifts were working 
at the mill. In 192-1- the mill was enlarged and its capacity nearly doubled. 
The industry seems likely to be permanent and profitable. 

"Bowles, Oliver, The technology of slate: U. S. Bur. of Mines Bull. 218, pp. 8"94. 1922. 
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MISCELLANEOUS MINERAL RESOURCES 

ASBESTOS 

Asbestos veins are known in a few places in the Ely greenstone. Much 
of the -greenstone originally contained olivine and other magnesian 
minerals. The alteration which changed them to asbestos is probably 
related to some later intrusive igneous rocks, which are found near the 
asbestos deposits. Since the mineral is soft and the greenstone as a 
whole is resistant to weathering, the asbestos can scarcely be expected in 
outcrops. It is known chiefly from some drilling west of Cook, in Sec. 1 I, 

T. 62 N., R. 20 W., as reported by lVIL Ike Goodwill at Vermilion Lake. 
The drill cores show seams of asbestos up to half an inch in width, in 
rock at depths which he stated to be -1-50 to 680 feet. 

lIJICA 

Muscovite mIca has been reported from northern St. Louis County 
and Koochiching County since 1887.25 Each reference suggests that the 
pegmatite dikes, which commonly have muscovite sheets up to 3 inches 
in diameter, may somewhere have larger sheets of good quality. They 
recommend prospecting. Nevertheless through all these years, no one 
has discovered any coarser good mica, though most of the county has 
been cleared by logging operations and visited by many geologists and 
prospectors. The desirability of further work is reduced by the fact that 
the quality of the muscovite is imperfect. One of the largest slabs seen 
by the parties of the survey was submitted to the mica expert of the 
United States Bureau of Mines, Dr. Oliver Bowles, who reported: 

The larger piece is found to contain many minute folds or plications running 
in different directions. This would be termed an "A" mica, and could be used for 
nothing but scrap for grinding. 

It seems likely that regional movements have occurred since the crystal
lization of the pegmatite mica and since some of the sheets are folded, 
there would be difficulty in locating any sheets free fro111 this defect. 

GOLD 

Gold veins have been prospected at a large number of points in St. 
Louis and adjoining counties. The only production of gold came from the 
Little American mine a few miles west of the county line. This was in 
a quartz vein, Lea ring pyrite, tourmaline and ankerite, in green schists 
of Huronian age. The geologic setting of several other prospects seems 

25 Lawson, A. C. Geology of the Rainy Lake region: Geo!. and Nat. Hist. Suney of 
Canada. Annual Report vo!' 3 for 1887. Part F, p. 181, 1888. 

Grant, U. S. and \Vinchdl, H. V. The Rainy Lake gold 'region: :Minn. Geo!. and Nat. 
Hist. Smvey, Ann. Rept. vo!. 23. p. 93. 1895. 
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to be favorable-near the wall, and in roof pendants of a granite batho
lith-but so far none of the prospects in St. Louis County has proved 
profitable. Several have about the same minerals as the formerly pro
ductive Little American mine, bnt assays of the material show little gold 
and less silver. 

In addition to the prospects in quartz veins, reports of gold have come 
from some mineralized green schist and even from the acid porphyry in
trusive into greenstone. Assays made for the Survey on average samples 
from the test pits, by the Minnesota School of iVIines Experiment Station 
show no gold, silver, or copper. 

POTASH ROCK 

Most of the igneous rock of the county has some three or four per 
cent of potash, but the mass in Linden township has in places over six 
per cent. See analysis, p. 48. This is more than is found in the average 
glauconite deposit and as much as appears in some rocks which have been 
tested for the commercial production of potash. The town plats here
with show outcrops in Secs. 7 and 18, T. 62 N., R. 20 W.; Sec. 3, T. 62 
N., R. 21 W.; and Secs. 30 and 34, T. 63 N., R. 21 'vV. These are 
almost certainly parts of a continuous mass. On the south side of 
Section 7, is a high hill in which the syenite is available in easily accessible 
places for quarrying on a large scale. The· outcrops in Section 34 are 
also high and easily quarried. 

In comparison with the Leucite Hills of Wyoming, the Linden syen
ite has only seven tenths as much potash per ton; but the tonnage is prob
ably greater (by similar methods of estimation) 26 ; the mass is continuous 
rather than scattered; the location is closer to markets; and the condi
tions for mining must be fully as good as in Wyoming. The commercial 
extraction of potash from such a silicate rock is, however, a problem yet 
to be solved. 

WATER POWER 

The State Drainage Commission report undeveloped water powers 
at several points on the Vermilion River and along the boundaries of 
Canada. There are also considerable falls in Ash River, and Little Fork 
River, though the volume of water is much less. About 10,000 horse 
power is available at low water, estimating 80 per cent efficiency. 

,. Schultz, A. R., and Cross, \Vhitman, in U. S. Geol. Survey Bull. 5'2, estimate the 
availaLle potash in the Leucite Hills, asstlII!ing that a neck or plug could Le min<d to a depth 
of 3,000 feet. The Linden syenite probably extends down 3,000 feet, and the total potash to 
that depth would be ten times as much as in the Leudte Hills. 
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Undee'eloped Horse Power ill N art hem St. Louis County, jI,;[ inn.a 

Site 

I Minimum Runoff Horse Power 
Head Lowest Month (80 Per Cent 

in Feet I in Cubic Feet Efficiency) 
; per Second Lowest Month 

Between Basswood and Crooked Lakes 
(boundary water) ................. . 53 650 3,130 

Between Crooked and Iron Lakes (bound-
ary water) ........................ . 29 720 1,900 

Between Iron and Lac La Croix Lakes i 

(boundary water) .................. . 34 733 2,270 
At inlet of White Iron Lake ......... I 2f) no estimates no estimates 
Vermilion Lake ...................... . 37 95 320 
Chain Lakes on Vermilion River ..... . 90 93 761 
Rice beds on Vermilion River ........ . 45 26Sb I,084b 

Crane Lake inlet ..................... . SS 101 soS 
Ash River Falls ...................... . no estimates no estimates 

a Notes from report of water resources inyestigation of 1\Iinnesota 1911-12, by the State 
Drainage Comtr..ission (1912), pp. 458, 466, and 475. 

h These figures refer to regulated rather than minimum flow. 



GEOLOGY BY TOWNSHIPS 

The remainder of this report is a description of the geology of the 
townships mapped. As a rule the maps show only the outcrops visited 
by the parties of surveys. Some magnetic surveys have been made and 
special maps are added in cases of considerable deflection of the dip 
needle from the normal. 

In making the town plats, minor correction lines on the west and 
north sides of the towns have been disregarded, but the larger modifica
tions are shown. 

The townships described are the same as those shown in the geologic 
map,. Plate 1. 
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TOWNSHIP 6 1 NORTH , RANGE 12 WEST 
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The chief rock of this township is Giants Range grani te. In and 
near Section 30, the main granite shows some va riations and a series of 
successive intrusions. T he ea t end of the iron-bearing fo rmation o f 
the Mesabi Range, (Biwabik formation ) , is south of Birch Lake in Sec
t ion 26. T he belt at this place is very narrow and not promisrng as a 
source of ore. vVith its associated formations, quartzite below, slate 
above, and some intrusive diabase, it has been strongly metamorphosed 
by the Duluth gabbro which occupies the eastern row of sections of the 
town. In the southwest quarter of ection 2-l , the gabbro has an inc!t.\
sion of Biwabik formation that has been prospected, but it is too small 
to merit further attention. 
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TOWNSHIP 6 2 NORTH , RANGE 12 WEST 
Gcology fr 01ll UlIit ed Statcs Geo logical S urvey Monograph 45, A tlas ; GIld by 
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TOWNSH IP 62 N ., RANGE 1 2 w. 

T he central and southeastern parts of this township show outcrops 
of Giants Range g ranite, with only minor modifications due to assimila
tion of various inclusions. T he northern row of sections is included in 
the outcrop maps in the atlas accompanying M o1!ograph 45, U ni ted States 
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Geological Survey. The Ely greenstone here contains a few masses of 
Soudan iron-bearing formation, which have been test pitted by several 
prospectors. The formation is mostly gray and magnetic rather than red 
like the productive are. 

There is a small area of Knife Lake slate in sections 5 and 6. 
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Geology from Ullited States Geological S urvey 1I!ollogl"ap" 4S Atl d b ' , as; all y 
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This township includes the town of Ely and the series of mines on the 
"Ely trough" of iron-bearing format ion. The iron producers have been 
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engaged for some years past in a detailed study of the formations in and 
near the mines, and have more information relating to that area than is 
available to the Survey. This report, therefore, covers only the general 
features of the township. The mines in the Ely trough are working and 
discovering occasionally new features in the structure. The Savoy mine 
on the east of the trough is pretty well worked out and ceased shipping 
in 1916. East of the Ely trough, and outside the area of St. Louis County 
the Section 30 and Chippewa mines have been opened and some ore 
shipped. The Sibley property is in Section 26 and Section 27; the Zenith 
and Pioneer mines are in Section 27; and the Chandler mine is in Section 
28. See the section on Economic Geology, pages 76 to 81. 

From northwest to southeast this township reaches from the Vermilion 
batholith to the Giants Range, across the whole Vermilion Range "syn
cline," including synclines of Knife Lake slate. Several features of such 
a section are noteworthy. The map of Burntside Lake area (Fig. 2. 

page 30) shows the relations of the older granite gneiss to younger granite 
and some of the schists. The contact is fairly clear though only the 
pegmatitic and basic border phases of the younger granite intrude the 
older. 

North of High Lake there is an extensive area of dark igneous rock 
that passes gradually into the Vermilion granite. The darker rock is 
banded with a variety of different modifications, most of them syenites. 
with abundant hornblende. Alternating with these are 50111e extreme 
modifications of the normal rocks; shonkinites, hornblendites and even 
iron ore. These are all included in the late Algomian granite rocks. on the 
township plat. 

The band of iron ore just mentioned was prospected by idr. Mallman 
many years ago.a (See page 73.) Very little can now be seen except at 
the test pits, but the nature of the occurrence is clear. The magnetite 
is a band, segregated in a banded igneous rock. Its minerals are for the 
most part the same as those of adjacent bands of syenite anc! shonkinite. 
Its origin and nature are described on pages 72 to 76. The deposit is 
too small to be attractive for mining. Similar bands may occur near by. 
or in similar border phases of, the great batholith elsewhere. No others 
are known in this township. If search is to be made it should follow the 
areas of early banded syenite connected with the Vemlilion batholith. 
(See Plate 1.) 

II Winchell, N. H" and H. V., :Minnesota GeoL and Kat. Hist. Survey Bull. .6, The iron 
ores of Ivlinnesota, pp. 6-24, 1891. 
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TOWNSHIP 64 NORTH, RANGE 12 WEST 
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The major part of this township is apparently occupied by Vermi lion 
granite with its syenitic border phases near the south side. The south
east corner and the east side show inclusions and roof pendants, and pos
sibly bed rock much altered, of Ely greenstone and Archean intrusive . 
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The later injection of granite has confused the outcrops so that many are 
hard to classify. There are no known exposures of Soudan iron-bearing 
formation in the Ely greenstone, which is here greatly altered to horn
blende schist. Magnetite is visible in the pegmatites related to the Ver
milion granite. It has been noted by the Survey parties in the southeast 
corner Section I I; a little south of the center of Section 12; a little 
north of the center of Section 14; and near the center of Section 36. 
None of the exposures in these places leads one to expect profitable 
cleposits. 
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TOWNSHIP 65 NORTH, RANGE 12 WEST 

Gcology by G. A . T hiel 
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The many outcrops visited in this township are all Vermilion granite. 
with few inclusions and little variation. Biotite schist occurs in moderate 
amounts on Gun Lake, but does not make the main part of any consider
able outcrop. 
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CEOLOC1' OF NORTHERN ST, LOUIS COUNTY 

TOWNSHIP 66 NORTH, RANGE 12 WEST 
Ccolo!)y by C. A. Thiel 
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T he shores of Crooked Lake and the center of the south side of this 
township are nearly all Vermilion granite and no other rocks a re to be 
expected . T he mica schists lie near the north boundary on the Canadian 
side. The magnetite found in many places in the Vermilion pegmatites 
occurs in small amounts in this northeastern corner of the county. Some 
was seen on the island in the bay where the county line reaches the inter
national boundary. The granite and traces of magnetite are known even 
farther east, nearly to Basswood Lake on the boundary. 
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TOWNSHIP 61 NORTH, RANGE 13 WEST 
Geology by F. F. Grout 
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This township is occupied by Giants Range granite, although along 
the south side a belt about a mile wide exhibits great masses of gneiss 
and schist in the granite. T hese probably represent a portion of the roof 
of the Giants Range which hung down as a pendant into the granite. 
It is possible that some of the rock is an early phase of the Giants Range 
batholith but it is clearly older than most of the granite. The relations 
have been discussed by Allison.a 

• Allison, 1. S. The Giants Range batholith of Minnesota : Journal of Geology, \'01. 33, 

pp. 488'5 08 . 
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Most of the outcrops here shown are those of the atlas of the United 
States Geological Survey accompanying MOllograph 45, on the Vermilion 
district. The prospects in Soudan formation have been further explored 
since that report was issued but no large amounts of ore have been 

• 
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mined. The long belt of Soudan formation extending east and west (Sec
tion 13 to Section IS) has been traversed in detail on account of its 
magnetite content, but no body of ore seems likely to be developed under 
present conditions. 

Most of the township shows Ely greenstone with only a few small 
belts of Soudan formation. The Giants Range granite is intrusive on 
the south and southeast; and a narrow syncline of Knife Lake slate is 
exposed near the north. 
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Burntside Lake, extending across the township divides it roughly into 
two geological areas. Northwest of the lake is the Vermi lion granite and 
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southeast of it is the Ely greenstone with a few small synclines of Soudan 
formation and Lower-Middle Huronian slate. The borders of the Ver
milion granite are locally syenitic. 

Along the shores of the lake, however, where the two areas are in 
contact, there is much metamorphism and a complex of several formations. 
This was mapped in detail to ascertain the age relations of the mica 
schist. Two formations should be added to those shown in the mono
graph of the United States Geological Survey; a mica schist phase of the 
Knife Lake slate. and the Burntside granite probably Algomian but older 
than the Vermilion granite. The Burntside granite extends from the 
SW}4, Sec. 14, T. 63 N., R. 13 W., eastward to the edge of the county. 
The relations of the mica schist and green schists are shown in Figure 2, 

page 30. The mica schist overlies the greenstone in an anticline which is 
best shown in Section 28. 
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While Vermilion granite forms nearly all the outcrops of this town
ship, it contains a small amount of biotite schist widely distributed as 
half assimilated fragments. 
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TOWNSHIP 65 NORTH , RANGE 13 WEST 
Geology by G. A. Thiel 
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This township includes many outcrops of Vermilion granite with few 
modifications: neither inclusions nor pegmatites are numerous. 
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TOWNSHIP 66 NORTH, RANGE 13 WEST 
Gcology by G. A. Thiel 

( IV .... n... III ~ ''( 10- 1,-r-

IN i. ~ w l~ ...... 1"'--
3 8 

~ ) J .-JI' ) Iro LIM< 
IV 1/ / I" 

~ , - n. 

h ~ ;... • 8 .. .0 ./' ., 
/1/ 

~ 

1 >< 
1/ \ ::; 

V-- IJ 
17 16 .. \ I. .. 

I" V I-> 
(~ k; /D 

~ k1 I ~ '\.. 

81~ I*' 1../ i-> 
8. .. I.. "3 

P. : ,,,,,. La " IL 
I-

.J\ 11'\ 
' ... 

~ I--VI. - ~ C ~ Ie::: r- f.) 
I' f-----' rvt 

.... 88 87 (i ~ DL I-'::; 
) 

'"" 
V-r 

} '\ 

I \ \ 
.1<1 V i " .. 

rf-l 
V I) 

LEGEND 
Lale A lg c.Jmlan qra nl1lC rocks ~ 
many /?7/ca schIst II7C/VSl onS ~ 

Kni Fe Lake Schlsl "",In 
much granl le in places 

M""9-""'h /e vI s i ble i n p egtne9ltle </ gre9ntle ~ 

TOWNSHIP 66 N. , RANGE 13 W. 

103 

'. 
/" 

h I 
r;-. V"-

1'-' ~ F;:i 
)( J 

'- / / 
V 

Ig 

/I 

~ ~ ~ 
~ ~ 

1 

" 

7 

h.. 
I=1i ......... 

s 
'\h 

R 

T his township, like those north and south of it, show numerous 
granite hill s, and very little else. 
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TOWNSHIP 67 NORTH, RANGE I3 WEST 
Geology by F. F. Gro ut alld G. /I. . Thiel 
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This township shows many outcrops of Vermilion granite with few 
modifications; neither inclusions nor pegmatites are numerous. 

North of Section 4 and Section 5, on the Canadian shore, there is 
biotite schist in a great area, but very little suggestion of the appToach 
to a contact can be noted in the outcrops on the Minnesota shore. 
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This fragment of a township southwest of the Canadian boundary, 
has in it the contact of Vermilion granite intruding biotite schists. Close 
to the contact the granite has in places a gneissic, hornblendic phase. 
This is a very local modification, for it does not extend to the south side 
of Section 31. The granite boundary apparently trends a little south 
of east, for the schist appears on islands and on the Canadian shore east 
of the granite in Section 31 and Section 32. 
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TOWNSHIP 61 NORTH, RANGE 14 WEST 
Gcology by F. F. Gro Ht, T . S. L overing, and G. M. Schwar t:: 
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T he north portion of thi s township is shown by P late V I of M OJ/ O

graph 52 to be occupied by E ly greenstone with a few small areas of 
Soudan for mation, In the southeast there are outcrops of Giants Range 
g ranite ; but locally in Secti on 34 and Section 36, there are niany outcrops 
of older looking gneiss and schist probably included in the granite, The 
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schists extend far north toward the greenstone and they are probably 
derived from that formation. 

An area of Knife Lake slate, west of this township, may extend across 
the range line into Section 30 or Section 31, where there is an extensive 
swamp in which no outcrops were found. 



108 GEOLOG J' OF NO RTHERN S T. LO UI S COUNTY 

TOWNSHIP 62 NORTH, RANGE 14 WEST 
Geology from United Sta./es Geo logical SI/r'vay Monograph 45, Atlas; alld by 
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Mo t of the outcrops in this township are E ly greenstone. It is in
tricately folded and shows a number of belts of Soudan formation, as 
well as a double syncline of Ogishke conglomerate and Knife Lake schist. 
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The exposures are few in the south row of sections, and there may be 
rocks other than greenstone, undiscovered. 

The explorations for iron ore have continued since early maps were 
issued and small amounts of ore have been shipped by two companies: 
the Consolidated Vermilion and Extension mine in Section 5, and the 
McComber mine in Section 13 and Section 14. The McComber shaft is 
considerably over 400 feet deep. The geologic features of both mines 
are complex, as are those of the E ly trough. Total shipments to date 
from these mines are a little over 30,000 tons . 

.. : ' . 

LA KE 
V[RMILION 

Fig. 8. Map of Sec. 6, T. 62 ., R. q \ "1. show ing outcrops 3l1d dip needle read ings in 
the north part. Stippled areas, greenstone. Black areas, iron formation. Crois-lin ed areas, 
Algomian intrusives. KLKL, a sma ll sy ncline of Knife Lake slate. Heavy lines along magnetic 
belts. Numbers show dip needle readings over SO from nOfw..al. 
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Section 6 has been an area of interest to many prospectors and a 
detailed map of outcrops and magnetic readings in part of the area is 
shown in Figure 8. 

In Sections 7 and 8, the Armstrong Bay mine has in recent years been 
carefully explored, and has developed some ore. Operations were sus
pended in I924 on account of the low price of ore, but 4.748 tons of ore 
were shipped in I923 and the work may be resumed whenever prices are 
more favorable. 
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TOWNSHIP 63 NORTH, RANGE 14 WEST 
Geology from United States Geological Survey Monograph 45, Atlas; alld by 
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The E ly greenstone so abundant in the township south of this, extends 
across the south line of this township. North of that is a biotite schist, 
supposedly Knife Lake, intruded by Vermilion granite in a complex of 
satellites and dikes. North of the center of the township the schi st is 
Jess abundant. 
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TOWNSHIP 64 NORTH, RANGE 14 WEST 
Ge%g). by G. A. Thiel 
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The only exposures in this township are Vermi lion granite with a 
few biotite schist inclusions. 
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TOWNSHIP 65 NORTH, RANGE 14 WEST 
Geology by G. A. T hiel 
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T his township is in the midst of the area of Vermilion granite. Near 
the northwest corner the granite is crossed by some lean magnetite-bearing 
pegmatites. • 
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TOWNSHIP 66 NORTH, RANGE 14 WEST 
Geology by G. A. Thiel 
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This township is in the midst of the area of Vermilion granite and has 
few outcrops except granite, with some schist inclusions at a few places. 
Near the southwest corner of the township are some lean magnetite-peg

matite stringers. 
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Geology by G. A. Th iel 
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T his township lies near the north side of the Vermilion batholith and 
has exposures of granite with a few biotite schist inclusions. In the 
southwest quarter of Section 31, there are some lean magnetite~bearing 
pegmatites. 
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TOWNSHIP 68 NORTH, RANGE 14 WEST 
Geoiog'y by F. F. Grout 
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This is a fraction of a township along the international boundary, but it 
shows the contact of the main mass of Vermilion granite extending south, 
with biotite schists on the north. Satellites of the granite batholith extend 
north into Canada beyond the schists. 
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TOWNSHIP 6I NORTH, RANGE IS WEST 
Geology from Ulli/ed S tates Geological S lIrvey M onograph 45, Atlas ; alld by 
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A large area in the northeast part of this township consists of Ely 
greenstone with patches of Soudan formation . Iron prospect holes have 
not developed any large body of good ore. Smal1 dikes related to the 
Vermilion granite cut into the greenstone at a few places. From the 
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center to the south and southeast sides of the township there is an area 
of Knife Lake slate with a few pebble beds which may be phases of 
Ogishke conglomerate. 

In this area and for a few miles south, the Huronian slate shows most 
clearly the progressive alteration due to the intrusion of Giants Range 
granite, as described on page 18. Exposures are most accessible along 
the Duluth and Iron Range Railway. The station of Embarrass where 
the granite is exposed lies south of this township. Outcrops are less 
numerous from here west than in the townsnips north and northeast. 

The intrusive porphyry, probably related to Vermilion granite, has 
been slightly mineralized at places within a mile south of Tower Junction, 
along the north side of this township. Assays indicating several valuable 
metals have been reported. A sample selected under the direction of the 
promoter of the mining venture shows some pyrite in the porphyry, but 
an assay by the Minnesota School of Mines Experiment Station showed 
no gold. 
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Geo logy from UlIited S tates Geological Survey MOHogmph 45, Atlas; alld by 
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This township includes the iron mines at Tower and Soudan. The 
Soudan mine is in active operation and the geologists of the company 
have been engaged in making a detailed survey of the formations in the 
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mine and neighborhood. The folding and intrusion have been very com
plex and the five or six formations alternate several times in a section 
across the township. Some small areas in the southern part of the town 
show no outcrops and the formations are known only from drill records. 
The central and western parts of the town are largely covered by the 
waters of Vermilion Lake. There are numerous exposures, however, 
and these have been much studied both by the state and government 
surveys and by mining and exploration companies. Many small mines 
and prospect holes show the nature of formations underground. 

In this area the Ogishke conglomerate is exposed at many places 
whereas the areas east and west of this to the county lines have relatively 
little coarse material in the Huronian rocks. 

Figure 10 is a map of Pine Island where some Soudan formation 
occurs. It lies west of the area shown in detail by the United States 
Geological Survey maps. The heavy lines in Sections 4 and 5 show a 
belt of maximum magnetic attraction. Little ore of shipping grade has 
been mined. (See page 134.) 

The outcrop of iron-bearing rocks in the NW0, Sec. 5, T. 62 N., 
R. IS W., shows no magnetic attraction and may be a different formation 
than in the NE0 of the section. There are outcrops of Knife Lake 
slates east of it and the iron-bearing rocks a few miles east in that asso
ciation are probably Agawa formation. This also may be Agawa for
mation. 
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TOWNSHIP 63 NORTH, RANGE IS WEST 
Geology by N . H . Will chell alld the parties of the early Minnesota Geological 

a1ld Natllral History Survey ; aud b)' F. F. Grollt, G. A . Thiel, 
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Ely greenstone and some associated Soudan formation and Huronian 
slate and conglomerate occur in the southern row of sections in this town
ship, but the central and northern parts show little but biotite schist and 
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Vermilion granite and its syenitic border phases. These have been mapped 
as granite north of the schist, but the rocks alternate many times and 
so many outcrops show about equal parts of granite and schist that the 
location of boundaries is somewhat arbitrary. 

The hornblende schist and chlorite schist that are clearly greenstone 
do not extend far north, but give way, within a mile of the south side 
of the township, to biotite schists that appear to be Huronian, derived 
from Knife Lake slates. 

Associated with the greenstone in this small belt, however, are some 
bodies of Soudan formation, on which a good deal of prospecting has 
been done. Because of the long continued interest in the place, a detailed 
map was made of the south half of Section 36. (See Fig. 9.) The belt 
of Soudan formation has been drilled with a shot drill yielding enormous 
cores, to depths as great as 800 feet, but no important ore body has been 
found. It is noteworthy that there is not only a belt of iron-bearing rock 
in the greenstone, traced by magnetic readings and drill cores, but a con': 
siderable number of outcrops of iron formation not associated with 
greenstone, but rather with altered Ogishke ·conglomerate. Such outcrops 
are almost certainly the Agawa iron-bearing formation, between the 
Ogishke and Knife Lake formations. This is farther west than the 
Agawa formation has previously been reported. It is lean and yet has 
the appearance of Soudan jaspilite. The outcrops though large have 
very little if any effect on the magnetic needles. 
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Fig. 9. Geology of the south half of Sec. 36, T. 63 N., R. IS W. Numbers sbow dip needle readings more tban 5° from normal. Crosses sbow dial compass readings 
more than 10 0 from normal. Note that the outcrops of iron formation show no magnetic attraction. Since they are associated with conglomerate they are probably 
Huronian Agawa 10rmation. Soudan formation is found by drilling along the chief heavy line of magnetic attraction. A sharp fold or fault is indicated by the 
topography and magnetic attraction in the southeast part of the southwest quarter of Sec. 36. 
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TOWNSHIP 64 NORTH, RANGE IS WEST 
Geology by N . H. Wi7lcllell alld the parties of tile early MillHeso/a Geological 

and Na/ural His/ory Survey; alld by G. A. Thiel 
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All the outcrops in this township are of biotite schist, granite, or the 
two, more or less intimately mixed. The southwestern sections have much 
schist ; the others are mostly Vermilion granite. Magnetite is visible in 
the pegmatites of this township notably on the shores and islands of 
Trout Lake, Sections 30 and 31. The magnetite-bearing area may be 
extensive, but it is not elsewhere well exposed. Some magnetite rock 
was seen in Section ro. AlI of the exposures are lean. 
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TOWNSHIP 6S NORTH, RANGE IS WEST 
Geology by G. A. Thiel 
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O utcrops are numerous in this township and show very little but 
granite of the Vermilion batholith. 
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GEOLOGJ." OF NORTJlERN ST. LOUIS COUNTY 

TOWNSHIP 66 NORTH, RANGE 15 WEST 
Geology by G. A. Thiel 
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Vermilion granite is the chief formation exposed in this township and 
it has only a few schist inclusions. Outcrops of magnetite rock are 
numerous in the northern part of the township. They are lean and in 
Section 3, the rock is a granite rather than such a pegmatite as com
monly contains magnetite in this county, and in other parts of this 
township. 
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This township shows very many outcrops, in practically all of which 
Vermi lion granite largely predominate. l\t the extreme north ide, the 
proximity of schi st is indicated by fragments, included in the granite 
in grea ter numbers than farther south . l\Iagnetite rock outcrops are well 
distributed in the a rea. Some of the occurrences differ from tho ' e C0111-

mon in this county, the magnetite being fin e 'grained and in a ' normal 
granite rather than in coarse pegmatite. Such exposures are noted in 
Section 21. The magnetite granites have rarely as much as S per cent 
magnetite. l\Iore normal magnetite pegmatite is expo ed in Secs. 3S 
and 36. None of the occurrences seen are promising prospect, since the 
e timated amount of magnetite in an a rea of IO acres is about 2 per cent. 
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TOWNSHIP 68 NORTH , RANGE 15 WEST 

Geo logy by F. F . G'rollt alld G. A . Th iel 
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Thi fraction of a township south of Lac La Croix has along the 
shores many exposures of bi otite schist, cut by granite sills and dikes. 
Northwest of these outcrops, on the Canadian shores, there i a more 
massive granite, probably connected underground with the Vermilion 
granite farther south. 
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Outcrops are not numerous in this township. The main rocks are 
Knife Lake slates. At the north side along the bay of Vermilion Lake 
are some conglomerate beds. On the west, extending at least as far as 
Section 21, is a belt of Ely greenstone, but no associated iron-bearing 
rocks have been seen by, or reported to, the men of our parties. On the 
hi ll north of Pike River in Section 21, is an outcrop of basic igneous rock 
(diabase) resembling outcrops seen in considerable numbers north and 
west of this township. These are supposed to be Keweenawan because 
of their general nature and intrusive relations to Knife Lake slate. 
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TOWNSHIP 62 NORTH, RANGE 16 WEST 
Geology by early statc alld federal s lIrvcys re"iliscd by To. F. Grollt, C. A. Thiel, 
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The mapping as done in this township by the geologists of the United 
States Geological Survey was much generalized . The small amount of 
Ely greenstone and lack of any quantity of accompanying Soudan forma-
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tion made the detail of relatively little importance. Most of the sections 
have outcrops of Lower-Middle Huronian sediments. The greenstone 
forms a few outcrops in the north, and a sodic syenite is intrusive into 
the greenstone and slates in Sections 7 and 8. Possibly the granite 
southwest of the township underlies part of the swampy area in Sec
tion 31. 

In a few places the greenstone and green slate are mineralized with 
pyrite and crossed by pyritic quartz veins. Gold has been reported but 
assays by the Minnesota School of Mines Experiment Station showed no 
gold, silver, or copper. 
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TOWNSHIP 63 NORTH, RANGE 16 WEST 
Geology by early slole al/d f ederal surveys rev ised b:.v F. F. Gro lll, G. A . Thiel, 
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This township has many exposures of the transition phases from 
formations of the Vermilion Range to the granite of the Vermilion bath
olith. At the south on Pine I sland is typical Ely greenstone and Knife 
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Lake slate .. On the north shore of Vermilion Lake, and even at points 
on the north shore of Pine Island, granite dikes become abundant. Among 
the dikes the greenstone is hornblendic and the Knife Lake slate is greatly 
changed in appearance-to a biotite schist. Throughout most of the 
township the confusion of granite intrusive, and hornblende and 'biotite 
schist makes mapping very difficult. Granite, however, is certainly more 
abundant at the north than near Vermilion Lake. Syeniticr border phases 
of the granite occur south of Trout Lake. 



:·<)·: : .. ·: .. r: .. ··~· ; ·~ :~··· 

,::.~V: . 
. .. :.~.: : ~:: 

.~.: 

. : h"'. ;,::.:.:f·:-;'~: .' 

.:,,;'1: .. ',;,; .. ·: :" __ I~ 

~ 

JRMILION I LAKE 

LE.GE.ND 

I ~3-= :::;1 Kmfe L.,ke "I..,"" d'nd schlsl 

I ';, : : : : I Oql":1hke conq/omer.,;>le 
I" .. ' .,.,'. I ElY qreens/ot?e - der.l5e sp;>a' ....... ,.,' ror ol./Icrops . 

I -- I fron bG'd'rinq for07dlion 

I ~ I ACId intrusives 

Micd sc his! 

Fig. 10. Geology of Pine I sland, Verm il ion Lake; parts of T . 62 and 63 N ., R. 15 and 16 W . Small figu res show dip needle readings over s· from normal. Cro sses 
show dial compa s~ read ings over 100 fro m norm<:d. 



GEOLOGY OF NORTHERN ST. LOUIS COUNTY 135 

TOWNSHIP 64 NORTH, RANGE 16 WEST 
Geology by early state and federal surveys revised by F. F. Grout, G. A. Thiel, 
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At the south of this township the biotite schist forms appreciable out
crops, but the Vermilion granite increases in abundance at the north. On 
islands in Trout Lake in Sections 25 and 36 there are exposures of per
haps 20 acres in which magnetite may con titute 2 per cent of tbe rock. 
Dip needle readings were taken by Edward Steidtmann in this township 
and north to the boundary along several lines. but no abnormal attraction 
was found. 
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TOWNSHIP 65 NORTH, RANGE 16 ,WEST 
Geology by EdwQ1'd Steidl11lann 
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This tow nsh ip is in the mid t of the area of Vermi lion g ran ile. Only 
a few included bioti te chist fragments interrupt the alternation of swamps 
and granite h ills. M any dip needle read ings were taken and all were 

nor mal. 
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TQWNSHIP 66 NORTH, RANGE 16 WEST 

Geology by F . F . Grant, G. A . T hiel, alld Edward Sleidlmallli 
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T his township is in the midst of the area of the Vermilion granite. 
Only a few included biotite schist fragment appear. Many dip needle 
readings were taken and all were normal. 
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TOWNSHIP 67 NORTH, RANGE 16 WEST 

TOWNSHIP 68 NORTH, RANGE 16 WEST 
(Small fraction mapped with Township 67 North.) 

Geology by F. F. Grollt alld Edward SteidtmallH 
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TOWNSHIP 67 N., RANGE 16 W. 

TOWNSHIP 68 N., RANGE 16 W. 
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These townships are along the north side ~f the area of Vermilion 
granite. Near Crane Lake the biotite schist masses are large enough to 
show on a map of this scale, but elsewhere they are few and small. Nearly 
everywhere there are small amounts of magnetite in erratic pegmatites. 
In the southwest, the pegmatites are not so common and magnetite where 
seen at all, is in the fine to medium grained granite. Exposures of mag
netite in pegmatite were noted in Sections 18, 19, 20, 28, 32, and 33, some 
of them being as large as 20 acres with magnetite estimated at 2 per cent. 
An area of 20 acres in the SW;4 of the SE;4, Section 33, may be a little 
higher in magnetite than the others. In Sections 20, 29, 30, and 32 con
siderable areas of normal granite show about one per cent of magnetite. 
Dip needle readings were taken along several lines through this town
ship by Edward Steidtmann but no abnormal attraction was found. 

The map includes also a small fraction making up T. 68 N., R. 16 W. 
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TOWNSHIP 61 NORTH, RANGE 17 WEST . 
Geology by party wIder John UIIO Sebellius ; and by F. F. Grout, G. A. Thiel, GIld 
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This township shows mostly g ravelly drift . There are a number of 
masses of schist and granite, in such irregular and disconnected outcrops 
that the structure can not easily be ascertained. Well characterized Ely 
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greenstone can be found in the southern half, somewhat altered to horn
blende rocks by intrusions of the Giants Range granite. Slates of the 
Knife Lake formation are folded into rudely parallel belts alternating 
with the greenstone, and altered by the same granite to biotite schists. 
They are well exposed along the roads. 

The granite of the small masses in the northern part of this town 
are so far from either of the main batholiths,-the Giants Range and 
Vermilion masses,-that their connections are uncertain. 

Several years ago some exploration was done by shallow drilling east 
of Angora in Section 7. No information could be obtained as to the 
results. No abnormal dip needle readings were noted except at the east 
side of Section 21, where the reading was one degree from normal. 
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TOWNSH IP 62 NORTH, RANGE 17 WEST 
Geology by F. F. Gro ll t, G. A. Thiel, S tanwood J01IIISlolI , alld F. E . W ill iam s 
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TOWNSHI P 62 N., RANGE 17 \Y. 

Few outcrops are known in the southern pa rt of this township, but 
the bed rock is probably a mixture of granite and biotite schist of the 
Knife Lake formation. T he northern part of the town, however, has 
much more numerous outcrops of E ly greenstone. This appears to be 



GEOLOGY OF NORTHERN ST. LOUIS COUNTY 143 

the western extension of a long belt or series of belts crossing Vermilion 
Lake and extending from far' to the east. In this township the main belt 
of Ely greenstone is much restricted. There are, however, some small 
anticlines between Huronian sediments, and the belt may be continuous. 
The lake beach of the glacial Lake Agassiz has been traced as far east as 
this township, and the soil of the Little Fork River Valley is for that 
reason different on the west of this town. 

Along the northern side of the township Knife Lake schists are in
truded by the syenitic border phases of Vermiliol1 granite, and a par
ticularly good exposure occurs on the lake shore in Section 3. 

The northwest portion of the town was explored by dip needle tests, 
by F. E. Williams, and no abnormal readings were obtained anywhere. 
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TOWNSHIP 63 NORTH, RANGE 17 WEST 
Geology of the early work of the Minllesota Geological alld Natltral History S lIrvey 

revised by F. F . Grout, S tallwood J ol111.stoll, and G. A . Thiel 
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TOWNSHI P 63 N " RANGE 17 w. 
This township includes the outlet of Vermilion Lake. In the bay of 

the lake, south of the outlet, there is a complete gradation from schist to 
granite. The present interpretation of the gradation is that the granite 
intrudes the schist lit-par-lit and possibly assimilates a little of it. 

Most of the rock is schist of the Knife Lake formation. The granite 
intruding the central and southwest parts of the township seems to be 
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related to the Vermilion granite farther north. At the southeast corner 
there are some small areas of green rock, but its age and relations are not 
clear. It may be a green phase of the mica schist, or the Ely greenstone 
which lies a few rods farther south. 

The ridge in the center of Section 14 has exposures of green rock but 
this appears to be a chloritic fault breccia or gouge, rather than a distinct 
formation. 

The southwest parts of the town are more drift-covered than other 
parts. 
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TOWNSHIP 64 NORTH, RANGE 17 WEST 
Geology by F. F. Grollt, G. A. Thiel, Sial/wood J OhllstOIl, alld Edward Steidtmall1l 
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This township has fairly numerous exposures and includes the transi
tion from areas dominantly Knife Lake schist on the south, to those dom
inantly gran itic on the north . No other rocks were seen. Gravelly drift 
is abundant. 

Small and lean deposits of magnetite in pegmatite dikes were seen in 
scattered spots, chiefly in Sections I and 16, of this township. No area 
of 10 acres seems tOr carry as much as 2 per cent magnetite, and· none of 
the several lines tested by Edward Steidtmann shows any abnormal mag
netic a ttraction. 
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This township is north of the main area of biotite schist of the Knife 
Lake formation, but the Vermilion granite which outcrops at many. places 
is nowhere free from inclusions of the schist. Some schist areas are so 
large they may be roof pendants rather than broken fragments . l\Iag
netite outcrops in noteworthy amounts in Sections 16, 22, 27, and 28. No 
large areas seem to have more than 2 pd cent magnetite. The bluff near 
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the road in Section 16, about a mile west of the "halfway house" on 
the Crane Lake Road, is one of the few places where typical lean mag
netite pegmatite can be seen near an automobile road. Most of the 
deposits are reached only by canoe or on foot in the wood~. 

No abnormal magnetic attraction was discovered by the thorough test 
of the township by Edward Steidtmann. 
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This township is well toward the center of the area of the Vermilion 
granite batholi th, but has in nearly every outcrop some fragments of 
Knife Lake biotite schist included in the granite. 

T his area has been the center of most active exploration for magnetite 
pegmatites in recent years. T he parties of the Survey have therefore 
searched the region with care and have obtained fairly definite data regard
ing the limits of the prospects. From the center of active exploration in 
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Sec. 3, T. 66 N., R. 17 W., the exposures may be found scattered on all 
sides for many miles. They are much less abundant, however, in the 
surrounding townships than in this particular one. The comparison may 
perhaps be shown fairly by the number of sections in which magnetite 
has been noted. In T. 66 N., R. 17 'vV., magnetite in conspicuous grains 
in pegmatite has been noted in 15 sections. In the town south, it has been 
noted in 5 sections; in the town ·west, in 5 sections; in the town north, 
in 8 sections; in the town northeast, in 8 sections. It is clear that T. 66 N. 
is a center of distribution, as well as a center of activity in exploration. 

Several locations of conspicuous magnetite outcrops in the township 
are noteworthy. A small area occurs near the quarter corner between 
Sections 35 and 36. It is one of the richest looking outcrops, but the 
extent of the magnetite body shown in exposure is small. Crystals o,f 
nearly pure magnetite as large as a hen's egg are not rare, but it would 
be difficult to get a carload of crude ore that would assay 35 per cent 
iron. In Sections 9, 18, and 20 there are areas of many acres which might 
contain 2 per cent magnetite, but few that contain 3 per cent. 

The rest of the magnetite outcrops in this township and in the next 
one north are those of the International Iron and Steel Company pros
pects; and some lean outlying exposures that have no interest except to 
show the wide extent of the formation. These are described in the next 
section. No abnormal magnetic attraction was discovered except as there 
reported. 
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MINE OF THE INTERNATIONAL IRON AND STEEL COMPANY 

The International Iron and Steel Company with offices in Minneapolis 
have explored a property in Sec. 3. T. 66 N., R. 17 W., for several years. 
The leader of the enterprise was for a time 1\1Ir. Charles Eden, who had 
previously explored a similar deposit near Ash River Falls. A camp was 
built, and a series of test pits and drill holes was put down. One shaft 
northeast of the camp is said to be 90 feet deep. Four holes, drilled in 
1921, are located on the sketch, (Fig. II). Dr. J. H. Bong, vice-president 
of the company, reported to the Survey as follows: the hole southeast 
of the shaft is said to have been drilled 1,200 feet and .found 32 feet of 
"ore"; a hole a short distance north of the shaft is 89 feet deep; a hole 
northwest of the shaft is said to have been drilled over 500 feet, finding 
57 feet of "ore"; the hole farther west was deep but found only "lean 
ore." Some further drilling was planned, but nothing was done in the 
summer of 1924. 

Figure I I shows the outcrops seen by Survey parties, and estimates 
as to the per cent of magnetite in the exposures. The magnetic attraction 
was tested over much of the area, every 50 feet, and the abnormal readings 
are shown on the same sketch. 

The relation of readings to ore is very rough. For example, in the 
NEYi of the SEYi, Sec. 4. some abnormal dial readings occur nearly a 
quarter of a mile north of the outcrops showing magnetite, with many 
rock exposures between showing no magnetite. This can not reasonably 
be attributed to underlying ore connected with the outcropping belt of 
magnetite, for similar abnormal readings occur south of the belt. The 
dip needle readings in Section 3 show a similar lack of correlation with 
the exposed magnetite rock. It may be said in summary of the magnetic 
work, that the variation in the readings is probably a little greater near 
ore than elsewhere, but only a very little. 

The outcrops shown in Figure I I are somewhat generalized but can 
be located by the use of the sketch. The richer areas fade into lean areas 
in a single outcrop and the belt sho\\'n is not to be considered solid ore. 
In several places one can walk across the belt where outcrops are abundant 
and find no visible magnetite. Nevertheless when magnetite is found it 
seems to be in this belt. Outcrops on both sides are free from magnetite. 

The richest outcrop seen, large or small, would not assay more than 
15 per cent of iron in the form of magnetite. At the 90-foot shaft in 
the NEYi of S\iV}:;, Sec. 3, the writer selected two samples from the 
dump: the first is of the magnetite-bearing material (from whieh the 
owners may have already taken some of the best) ; and second the non
magnetic rock. These assayed 8.Il per cent magnetic iron in the mag
netite rock and .26 per cent magnetic iron in the waste. In the belt mapped 



,," 
,\-\<,,0 

(0 

f>-~~ 

.. ,,'> 
\ \«,' 

0; 

o 

o 
x 

cg, . o. 
: : : 5·... /' t;a....a· ~ / 

" : . $ ':, ~j:,. .nl 
t:!~' ....- . :: a/IV 

II \, ' .. ~, ,,, 

. . 

" \~\ D' t:f'-I ,,," g 
" , \\.~. ,,'2 2 " " ~'2 I . 
Ii \\ J"I/ " 
\ t ,I I · :: ;:;. ... ':.":;;, ~ / ~~~/ <:::> 
\\ \ . $"r~' _ .. ::: -',; 0 0 \~, ,,<r\ " / -. o · \ . 

1,' 

" ': 
" " 
" 

" 
, 

",': 
" 
" " " ,I 

" ': 
' I 
" , 
" , I 

10 
1 o 

LEGEND 

10 I Ol/lcrops - Gre$nile ~ SchiSt. 

I ~I S.iil??€' -bear;aq rnaqne/I/e 
~ uph/.5;£where dolsare 

numerOl/s. 

\' 
~ Localions 01' sliqhlty ab
~ normal comp,;;ss reactl/?95. 

I, 
N 

~ ,Fiqures show eNbnor
~ mal dip needle re<kiinqs. 

~ Shafl 

o Dn!1 hole 

Fig. II. Map of the southeast quarter of Section 4 and so uthwest qu arter of Section 3, T. 66 N., R. 17 \V ., where the International I ron and 
Steel Company have been conducting active explorations. 



GEOLOGY OF NORTHERN ST. LOUIS COUNTY 153 

as magnetite-bearing, it is certain that not over 10 per cent of the rock 
exposed is as rich as that assayed as magnetite rock. A reasonable esti
mate of the magnetic iron content of the whole belt is therefore not over 
2 per cent. See pages 64 to 68 as to the size and quality of magnetite 
deposits. 

The rocks at the shaft are pegmatite, granite, hornblende schist, and 
sedimentary biotite schist in great confusion. Most of the magnetite 
occurs in the pegmatite dikes, stringers, and segregations. The structure 
is probably that of a border zone between an intrusive granite and its 
brecciated roof or roof-pendant. The ore-bearing pegmatite stringers 
are very crooked, but generally strike north to northwest. The granite 
is more massive and free from inclusions in Section 10 south of the shaft, 
and the swampy ground north of the belt is an indication of soft schists. 
The average strike of the schists, N. 60° E., agrees with the trend of the 
belt on the map. If this view of the geologic setting is correct, the belt 
may be extensive in depth as well as laterally. There seems to be no 
reason to expect richer .material, nor magnetite rock in larger more uni
form bodies underground than at the surface. No prediction as to where 
the magnetite will be found can be made ahead of actual exploration. 
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TOWNSHIP 67 NORTH, RANGE 17 WEST 
Geology by F. F. GroHt, Slallwood J oll1lsloll, alld Edward Slejdlmann 
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The numerous outcrops in this township are almost uniformly Ver
milion granite with inclusions of biotite schist, both crossed by pegmatite 
dikes and stringers. 

Magnetite is commonly seen, especially in the pegmatites such as are 
characteristic of the whole region. In Section 33, however, there is an 
exposure about 50 feet square which may have 20 per cent iron as 
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magnetite; it is about 200 paces north and I,I50 west of the southeast 
corner of the section and is clearly a local occurrence-surrounded by 
leaner rock, so that an area of 20 acres would show less than 5 per cent 
magnetite. 

There is also an odd occurrence in Section I, where the magnetite 
pegmatite is found in segregated bunches a few feet across instead of 
dikes. All of it is very lean. Fine grained magnetite was noted in some 
granite of normal texture, in small outcrops in Sections 35 and 36, of 
the same township. Finally, there have been reports that the compass and 
dip needle showed strong deflections in the north part of Section 27 of 
this town; detailed work in this section and across the township failed 
to show any abnormal attractions. 
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The Vermilion granite is the chief formation exposed in the township 
and on the shores of Sand Point Lake the granite is remarkably 
uniform in grain, and free from pegmatite and schist inclusions. Some 
rocks on the south side of Sand Point Lake are hornblendic and possibly 
are metamorphosed from E ly greenstone; or they may be early phases of 
the granite. Magnetic mapping by Edward Steidtmann failed to reveal 

any abnormal attraction. 
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In this fraction of a township there are many outcrops of Vermilion 
granite, but near the international boundary it is in contact with biotite 
schists. This contact is more definitely located , and not so much confused 
by minor intrusions a the contact south of the granite. 0 abnormal 
magnetic attraction ha been di covered. 
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The bed rock in most of this township is biotite schist of the Kni fe 
Lake formation , but an area of older greenstone extends into Section 25 
from the east; and the Giants Range granite, outcropping in the southern 
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row of sections, has several small offshoots towards the center of the 
township. Small masses 04 a later basic intrusive occur in Section 28. 
The drift and swamps conceal so much of the rock that the relations a re 
only roughly estimated. The lake beach of glacial Lake Agassiz crosses 
the north side of the town. 

The Giants Range 'granite is cut by pegmatite dikes containing mag
netite in the northwest corner Section 27, and a few miles south of the 
town line in the S.W.34 of Sec. 9, T. 60 N., R. 18 W. This is somewhat 
similar to the magnetite pegmatites of the Vermilion granite, and sug
gests a connection in the sources of the two batholiths. The area between 
the two is so little altered, however, that the dikes can hardly be assumed 
to be related to the distant outcrops of Vermilion granite; they are evi
dently pegmatites of the Giants Range. 

The ma·gnetic attractions shown in this town (Fig. 12) are apparently 
related to a granite contact,. but since the rucks are not exposed there may 
be some iron-bearing formation under the drift. The northern part of 
the township seems to show normal attraction everywhere. 

19 2 0 

30 
° 

022"000 C. 00 

,!/ 
OOI6Z. 

° 0 ' 
00 0000000 

o 

3 01 ° 32 
o o 0 0 0 

00000 
o ' 0 0 0 

21 000 
, 0 

0/' 
o 0 

/0 ° 
~/oo g 

/ ! 0 

° 

33 

23 , 
0 

0 , 
0 

0 . 0 , . 
0 g 

0 0 

26 
0 

127 
0 

° 0 

° 0 

0 0 

35 
0 

~4 

0 0 

0 0 0 0 

Fig. 12. A sketch showing dip needle readings by F . E. Williams in the southwest part of 
T . 6, N., R. ,8 W. 
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This township is probably crossed by t\\"o b~lts of E ly greenstone and 
two of Knife Lake sla te, alternating with them. Outcrops are few, but 
the main features of the bed rock 'geology are estimated from those seen 
and those in adjoining townships. The Knife Lake slate (with a ba ic 
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dike) is exposed north of Cook in a railway cut. This is fresher, less 
micaceous and apparently shows less effect of granite intrusion than any 
other outcrops of slate west of Vermilion Lake. E ly greenstone forms 
a hi ll in Section 14, and another at the northeast corner of Section 3· 
In this last outcrop the greenstone is intruded by many small bodies of 
the granite which forms a considerable area a little farther north. The 
confused petrographic character and lack of exposures in the adjoining 
country may throw some doubt on its correlation with the Ely green tone. 
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Fig. 13. Sketch of the geology and magnetic readings along the township line between 
Towns 62 and 63 N., R. 18 \V. Small circles show normal magnetic attraction. Circles with 
dots show locations of drill holes . Readings and geology by F. E. \Villiams and Frank F. Grout. 
The cross lined areas are outcrops of granite and hornblendi c Tocks resembling hornblendite 
or altered Ely greenstone. In the eastern part of S ::! ction 2 and south side of Section 3, the 
rocks seem to be Huronian. 

In the southeastern part of Section 3 there is an " island in the s\Vamp," 
a low outcrop of cherty carbonate rock that is probably an unusual phase 
of Huronian sediment. Some iron ore samples have been reported, but 
no magnetic attraction could be detected and the rock now exposed has 
more manganese stain than iron. Prospects do not seem to be promising. 
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Several years ago the Beatty Brothers dug some test pits and drilled 
holes to a depth of about 100 feet in this rock, hoping to find iron forma
tion. They concluded it was igneous rock with a very small amount of 
magnetite, no better than at the surface. 

Some ma'gnetic rock deflects the dip needle in Section 3, northeast of 
this outcrop, where the east-west road bends south around a hill. This 
is in an area that seems to be Ely greenstone, intruded by granite and 
fe1sites. The magnetic attraction suggests a contact effect, but since the 
rocks near the most intense attraction are concealed, it may be due to 
some iron-bearing formation associated with the Ely greenstone. (See 
Fig. 13.) No attraction was detected in the rest of the township, and 
there are no other signs of iron-bearing rocks. 

The soil over most of the township consists of clayey material de
posited in glacial Lake Agassiz. 
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TQWNSHIP 63 NORTH, RANGE 18 W E ST 
Geology by N. H. Winchell, F. F. Grout, and F. E. Williams 
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This township includes the western end of Vermilion Lake with a 
'good many outcrops along the shore. There are a few exposures also at 
other places in the township, but drift covers 1110St of the southwestern 
parts . Nearly all the rock is a mixture of granite and schist, ill patches 
too small to map 'as di stinct areas. - Granite is abundant in the southeast 
and in small areas elsewhere. It seem to be petrographically related to 
the Vermilion rather than to the more distant Giants Range batholith. 
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The schist which is abundant in the west and north, is mapped as altered 
Knife Lake slate, from its petrographic character and possible connection 
under the drift. The hornblendic rock along the south side of Sections 
34 and 35.may be Ely greenstone altered by the granite which is abun
dant in) the same section, but, on the other hand, it may be a hornblendic 
phase of the granite magma. There is some very local magnetic attrac
tion in these sections, near a hill of greenstone, extending into the town
ship south. Granite outcrops in large areas about a mile north of this 
hill and the attraction is possibly a contact effect. (See Fig. 13.) The 
rest of the township has been repeatedly covered by dip needle traverses 
showing no abnormal readings. 
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GEOLOGY OF NO RTHERN ST. LOUIS COUNTY 

TOWNSHIP 64 NORTH, RANGE 18 WEST 
Geology by N. H . TVillchcll aud Edward Ste-idt1llallll 
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T he southern side of thi s township expo. es the northern border o f the 
biotite schist of the Knife Lake [ormatioll . Yer11lilion g ranite largely 
pre lominates in the north, but includes frao-ments of chist. Dip needle 
readings were taken by Edward Steidtmann along fo ur line through 
the township, but no abnormal attraction was eli covered. 
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TOWNSHIP 65 NORTH, RANGE 18 WEST 

Geolog)1 by F. F. Grollt, Stall'wood l olli/ s toll , G. A. Thiel, alld Edward Stcidlmal!1~ 
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Vermi lion granite with biotite schist inclusions is abundantly exposed 
111 this township. Magnetite occurs in a few scattered exposures in Sec
tions 25. 29, and 35, but all a re very lean. Dip needle readings were taken 
by Edward Steidtmann along four line through the township, but no 
abnormal attraction was discovered. 
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TOWNSHIP 66 NORTH, RANGE 18 WEST 

Geology by F. F. Grollt alld Stallwood 1011l1stoll 
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This township adjoins on the ,,'est the township actively explored 
for magnet ite pegmati.te. T he geology is analogous, the exposures being 
chiefly Vermili on granite, with biotite schist inclusions. Pos ibly some 
la rge masses of schist may have the nature of roof pendants. The Ver
milion River follows a structure of this sort, and the frontispiece shows 
the river cutting a gorge into chist between granite hills. • 
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A cluster of outcrops of magnetite pegmatite in the southeast part of 
the township may be a sort of continuation of the cluster explored by the 
International Iron and Steel Company a few miles northeast. They are 
probably richest in Section 25, where an area of 20 acres may contain 
as much as 2 per cent magnetite. Other exposures of magnetite are in 
Sections 23, 27, 34, and 35· 

Dip needle readings by Edward Steicltmann showed no abnormal 
attraction. 
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GEOLOGY OF NORTHE RN ST. LOUIS COUNTY 

TOWNSHIP 67 NORTH, RANGE 18 WEST 

Geology by F. F Grant alld Edward Sieidl111all1l 
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The Vermi lion g ranite with many biotite schist inclu ions makes up 
the numerous exposures in this township. lagnetite in small amounts 
was seen in some pegmatite along the Vermilion River in Section 35. 

o abnormal magnetic attraction was discovered . 
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GEOLOGY OF NORTIIERN ST. LOUIS COUNTY 

TOWNSHIP 68 NORTH, RANGE 18 WEST 
Gcology by F. F. Grollt olld Edward Steidtmann 
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TOWNSHIP 68 N., RANGE , 8 W. 

The Vermilion g ranite i the chief formation in this township. There 
are numerous schist inclusion s, mostly biotite schist; but in Section 13 
th ere is a hornblende chi st area. T his rock may be derived from E ly 
green tone or from an early hornblendi c phase of the granite. Magnetite 
is visible in small amounts in the pegmatites in Section 13, but seems to 
be independent o f hornblende rock. Dip needle readings by Edward 
Steidtmann show no abnormal attraction. 
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TOWNSH IP 69 NORTH, RANGE 18 WEST 

Geology by F. F. Grout and E dward Staid /m all n 
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This fraction of a township includes the contact of Vermilion g ranite 
and the biotite schist which extends fa r into Canada. A few satellites 
of granite occur farther north. The granite along the south shore of 
Namekan Lake in this township is more gneissic than elsewhere in the 
county, but good exposures indicate that the gneiss is only a local inodi 
fi cation. Dip needle readings show no abnormal attraction. 
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TOWNSHIP 70 NORTH, RANGE 18 WEST 

Ce%g)1 by F. F . Crollt alld Edward SfeidfliwllII 
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This fraction of a township has many exposures of biotite schist, and 
ome pegmatite dikes probably related to the Vermilion granite a few 

miles south. The magnetic attraction seems to be normal, everywhere 

that tests were made. 
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TOWNSHIP 6I NORTH, RANGE I9 WEST 

Geology by party wIder John Uno Sebenius; and by C. A . Thiel and F. E. Williams 
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T his township shows many exposures of biotite schist and few of 
any other rock. T he schist is assumed to be derived from Kni fe Lake 
slate, becau e of its petrographic character and its po ition ad joining 
other areas of Kni fe Lake fo rmation. few small masses of igneous 
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rock, both acid and basic, are scattered about, but none seem to be ex
tensive. The glacial drift conceals their relations. The beach of glacial 
Lake Agassiz crosses the northwest side of the town and north of that 
the soil is more largely clay. 

A feeble magnetic attraction has been noted in certain places by F. E. 
Williams. It is supposed to be related to the border of an igneous intru
sion not to iron-bearing formation. The rocks near the places showing 
abnormal magnetic attraction, however, are concealed. Readings from 
one to three degrees from normal were obtained in the southwest corner 
Section 18; one-fourth mile north of the center of Section 17; the north
east quarter of the southeast quarter of Section 28; the southeast corner 
of Section 10; and about one eighth of a mile south of the center of 
Section 12. 
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TOWNSHIP 62 NORTH, RANGE 19 WEST 

Geology by F . F. Grout 
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There are so few outcrops in this town hip that its structure is very 
uncertain. The clayey lake deposits of glacial Lake Agassiz cover nearly 
all the surface. The formations are similar petrographically to those in 
townships east and south. The few exposures may be listed in brief. 
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Ely greenstone with ellipsoidal structure may be seen near the road in 
the northeast quarter of Section 26. A graywacke phase of Knife Lake 
slate outcrops near the center of the south side of Section I I. These two 
rocks probably extend widely and are intruded by granite in Section 19 
and by diabases or gabbro§ in Section 14. 

The structure of the rocks in adjoining townships suggests a belt of 
greenstone crossing the town, but only one outcrop has been discovered, 
so that the continuity is very uncertain. 

It is reported that some drilling was done in Section 3 of this town
ship but no information is available as to the results, or what was expected. 

The town was fairly well covered by dip needle traverses, by Survey 
parties and no abnormal attraction was discovered, except a dip of about 
three degrees near the center of the west side of Section 7. 
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TOWNSHIP 63 NORTH, RANGE 19 WEST 

Geology by F. F. Grout 
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The outcrops in the southeastern portion of this township are promi
nent and scattered knobs of greenstone. They suggest a large anticline 
possibly connected with the supposecl E ly hornblencle schist several- miles 
east in Sec. 3, T. 62 N., R. 18 VV. The southwest part of the town has 
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some biotite schist. Granite occurs a little northwest of the town. The 
relations of these formations are concealed by heavy drift, which on the 
southwest has been reworked by the waters of Lake Agassiz. The old 
beach of this lake crosses the town from northwest to southeast. Several 
traverses with a dip needle by F. F. Grout failed to reveal any abnormal 
magnetic attraction in the township. 
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Geology by F. F. Grout alld Edward Steidtlllallll 
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In this township the outcrops consist of Vermilion granite and biotite 
schist, and practically every outcrop has both rocks. In the southern 
part, schist occurs in larger proportion than it does farther north. Horn
blendic gneiss is reported at one placea, probably in Section 24. 

It is reported that a drilling exploration for gold was once made in 
Section 34. Dip needle readings by Edward Steidtmann failed to ' show 
any abnormal attraction . 

• lIIinn. Geol. and Nat. Hi st . Sun'ey, Final Rept., vol. 4. p. 226. 
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Vermilion granite with a few biotite schist inclusions makes up the 
chief rock in this whole township. No abnormal magnetic attraction 

was discovered. 
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Vermilion granite with a few biotite schi t inclusions make up the 
chief rock in this township. No abnormal magnetic attraction was dis
covered. 
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TOWNSHIP 67 NORTH, RANGE 19 WEST 

Geology by Edward Stcidtlllallll 
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T his township was mapped as Vermilion grani te but contains a large 
proportion of biotite schist as inclusions in the granite. Magnetite is 
visible in pegmati te masses in Sections 2 and 3, but dip needl e readings by 
Edward Steidtmann along several lines through the township revealed 
no abnormal attraction. 
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TOWNSHIP 68 NORTH, RANGE 19 WEST 

Geology by F. F. Graul alld Edward Staid/lllalll! 
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This township shows Vermilion granite with small areas of schist 
much like the towns on all sides of it. It deserves special note, however, 
on account of the prospecting that has been done for iron ore. The schist 
associated with the granite is like that found elsewhere ; chiefl y biotite 
schist, but in a few places hornblende schist. 

The iran deposits that have attracted attention are mostly in th~ west
ern half of the township. Probably the most promising exposure is 111 
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the north half of the northeast quarter of Section 29. Other widespread 
exposures occur in Sections 7, 8, 17, 18, 20, 21, and 32. (See Fig. 14.) 
Reports have been received that similar rock occurs in Section IS, but 
none was seen by the Survey parties. 

The rock in Section 29 is a magnetite pegmatite stockwork such as 
is described in the earlier sections, page 62. Its extent and quality were 
estimated by the Survey parties and are shown by the accompanying map 
(Fig. 14). The estimates of the amounts of iron ore were checked by 
sample assayed at the 1innesota School of Mines Experiment Station. 

U" 0: ". 
' .. 
'.' . 

2.0 

3.2 -------t---- 33 

Fig. '4. Ske,tch of Sections 29 and 32 and adjoining areas in T. 68 N., R. '9 W. O~t. 
crops are outlined and stippled. The size and ab undance of dots show the amount of magnet.te 
varying from. 0 to 10 per cent. 
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If the hill contains about the same materials as that exposed at the surface, 
it is certain that no large tonnage could be quarried containing as much as 
IS per cent of magnetic iron. Possibly a hill of 40 acres extent might 
contain 5 per cent of iron in coarse magnetite, but this seems to be a 
liberal estimate. See pages 66 to 68 on the size and quality of magnetite 
deposits. 

The property is said to be owned by the International Iron and Steel 
Company, the same company that explored a property southwest of Crane 
Lake. Years ago, Mr. Charles Eden, who was the promoter of the Crane 
Lake exploration, had a camp and exploring outfit in this township. No 
test pits or other openings were seen in a hurried trip over Section 29, 
but there are several openings in Section 32 of this same township, where 
the exposures on a 40-acre' hill show less than 5 per cent magnetite. 

Magnetic tests were made with a dip needle through some areas of 
this township where magnetite was seen, but neither Mr. Steidtmann nor 
the Survey parties obtained any abnormal readings. Some attraction 
might be discovered in Section 29, but the ores are not of a sort that 
give consistent readings by magnetic tests. 
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This township has many exposures of Vermilion granite but it lies 
near the northern border of the mass and biotite schist inclusions are 
numerous on the north side. 

In Section 32, on both sides of the wide place in Ash River, mag
netite pegmatites may be seen in the rocky shores, but they are very lean 
in comparison with the prospects a few miles south. Dip needle readings 
were taken by Edward Steidtmann along many lines, including some near 
the magnetite exposures, but no abnormal attraction was found. 
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TOWNSHIP 70 NORTH, RANGE 19 WEST 

Geology by F. F . GroHt and Edward Steidtmanll 
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This township on the international boundary has many exposures of 
biotite schist correlated with the Knife Lake slate. A few dikes of granite 
pegmatite, probably derived from the Vermilion granite magma, intrude 
the schists . They have some coarse muscovite plates but none has been 
found free from defects. Dip needle readings were taken at many points 
by Edward Steidtmann and found to be normal. 
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TOWNSHIP 61 NORTH, RANGE 20 WEST 

Geology by party wider Johll UIIO S:cbcllills; alld by F. E. Williallls alld G. A. Thiel 
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The bed rock of most of this township is probably biotite schist of the 
Knife Lake formation. It outcrops at a few widely separated points. 
Intrusive into it are several small masses of granite, probably related to 
the Giants Range batholith which outcrops extensively in the township 
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south of this one. In Section 9 there is also a basic intrusive. Most of 
the bed rock is concealed by drift which, in the north half, was reworked 
by the waters of Lake Agassiz. - The beach of this lake crosses the town
ship from east to west, near the center. 

A small amount of magnetite can be seen in minute veins in the granite 
of Section 17, but it is too scattered and lean to be of any interest. This 
seems to be a magnetite pegmatite related to Giants Range granite, 
where'as most of those mentioned in this report are genetically related 
to Vermilion granite. The two are somewhat similar petrographically 
and are supposed to be of the same age. They may be connected under
'ground. Dip needle readings were taken by F. E. Williams along the 
roads in the east side of this township and all indicated normal attraction. 
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Geology by F. F. Grout 
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There are few outcrops in this township since the clayey deposits of 
Lake Agassiz cover most of the area. At least three formations, how
ever, are exposed. The Keewatin greenstone with typical ellipsoidal 
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structure, forms the bed rock of rapids in the Little Fork River in Sec
tion 9. No exposures of Knife Lake slate or schist have been found. 
but the exposure two miles south ii1dicates that the formation probably 
crosses the southeastern part of the township. Several exposures are 
also known near the northeast corner of the township. Intrusive into 
these formations are a diabase in Section 4 and a syenite in Sections 7 
and 18. (See Fig. 16.) 

The syenite, which has been found to contain nearly 7 per cent potash, 
(see Table VIII, analysis 17), is, well exposed in a hill on the road south 
of Section 7. Its feldspars are elongated and roughly parallel, striking 
N. 35° E., and dipping steeply northwest. This is possibly one of the 
most accessible large masses of rock available in the country with an 
average potash content of 6 or 7 per cent. The potash is present almost 
wholly in feldspar, however, and its commercial extraction is probably 
impossible under present prices and by methods now known. 

Mr. Ike Goodwill, of Vermilion Lake, has done some drilling in Sec
tion II, in exploration for minerals. He sketched a map of the section, 
showing four holes in the southwest quarter of the section arranged in 
a northeast line about three-fourths mile long through the center of that 
quarter section. The hole farthest southwest struck rock that he con
siders iron formation. No such formation outcrops, however, and the 
magnetic attraction in Section 7 is evidently due to syenite rather than 
iron-bearing formations. (See Fig. 16.) The northeast hole he reported 
from memory as follows: 

. Thickness, feet Depth, feet 
Surface ............................................. 50 50 

gi~:~~to~~ . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: 3~~ fs~ 
Greenstone (with seams of asbestos) . . . . . . . . . . . . . . . . .. 230 680 

Mr. Goodwill believes the asbestos rock in the ground is much better 
than any sample obtained from drilling; but the depth of the deposits 
makes the expense of development prohibitive. 
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TOWNSHIP 63 NORTH, RANGE 20 WEST 

Geology by F. F. GroHt 
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The bed rock in this township is almost wholly biotite schist of the 
Knife Lake formation, if one may judge from widely scattered outcrops. 
In Section 36 there is a great hill on which the outcrops are mostly gabbro, 
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wi~h aplitic stringers. The drift cover is heavy in most places and Lake 
Agassiz clays are prominent. 

Gold has been reported from one phase of the basic intrusive in 
Section 36, just mentioned. During 1922 and 1923 several samples were 
received by state officials and local assayers in most of which no gold 
could be found. Most of the samples were dark gray medium grained 
igneous rock, with no sign of mineralization, but with much coarse 
poikilitic biotite, which on weathered surfaces has a yellow color and a 
somewhat metallic luster. 
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CEOLOGJ' OF NORTIIERN ST. LOUIS COUNTY 

TOWNSHIP 64 NORTH, RANGE 20 WEST 

Gcology b~1 F. F. GrOllt 
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This township lies in the transition zone between a large area of 
biotite schist on the south and a large area of Vermilion granite on the 
north. The granite is visible in considerable areas south of Orr, i l~ 
Section I2, and on the north shores of Pelican Lake; but the schist also 
seems to be abundant. No abnormal magnet ic attraction has been detected 

in this area. 
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TOWNSHIP 65 NORTH, RANGE 20 WEST 

Geology by F. F. Grout alld Edward S ieidt 11! QIlII 
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T his townshi p sho\\" s many outcrops of Vermilion g rani te, most of 
which have abundant biotite schist inclusions. T he area was covered by 
Edward teidtlllann and party taking d ip needle readings a t frequent 
intervals but no abnormal attraction \\"as found . 
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This township shows many outcrops of Vermi lion granite, most of 
which have abundant biotite schi t inclusions. Dip needle readings by 
Edward Steidtmann revealed no abnormal magnetic attraction. 
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TOWNSHIP 67 NORTH, RANGE 2 0 WEST 

Geology by F. F. Grollt and Edward Steidtma1m 
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This township in the midst of the a rea of Vermilion granite shows 
many outcrops, and the -granite is nea rly everywhere filled with biotite 
schist inclusions. A few belts of schi t a re so large and continuous that 
they should be considered as roof pendants rather than inclusions. Such 
a belt o~ schist, with granite north of it, was traversed by the Survey 
parties through Sections IS and 16, almost to Ash River. A projection of 
this area westward suggests that it may be connected with the schist in the 
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railway cut just south of Kinmount near the southwest corner of Section 
19, but the rocks between are not exposed. 

Magnetite occurs in the pegmatite dikes along the contact just men
tioned, where granite lies north of biotite schist. Its occurrence at Kin
mount in Section 19, as well as in Sections IS and 16, is further confirma
tion of the belief that the contact and belt of schist is continuous for 3 
miles or more. The exposures nearest Kinmount were carefully sampled 
and assays show that the richest belt, perhaps 100 yards wide, contains 
about 5 per cent of magnetic iron. Probably more than 10 tons of crude 
ore would have to be mined to yield a ton of salable concentrate. Dip 
needle readings and outcrops seen by the parties of the Survey are shown 
in Figure IS. No other part of the township shows any abnormal mag
netic attraction. 
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Fig. 15 . Map of some outcrops in a belt in T . 67 N ., R. 20 W ., east of Kinmount. Figures show dip needle readings by Edward Steidtmann. The 
magnetite appears most abundantly in a belt 100 paces wide north of the schist. 
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GEOLOGJ' OF NORTHERN ST. LOUIS COUNTY 

TOWNSHIP 68 NORTH, RANGE 2 0 WEST 

Geology by Edward Sfeidf'lllallll 
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The Vermilion granite is exposed in many places in this township and 
has biotite schist inclusions in almost every exposure, Dip needle readings 
by Edward Steidtmann show no abnormal magnetic attraction. 
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T he Vermili on granite with numerous biotite schist inclusions is 
widely exposed in this township. T races of magnetite can be seen in 
granite and pegmatite intruding the schist in Sections 22 and 2 3 . Only 
a small amount of rock could be seen to contain as much as 2 per cent of 
magnetic iron. Di p needle readings indicate no abnormal magnetic 
attraction. 
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GEOLOGY Or- NORTH ERN ST. LOUI S COUNTY 

TOWNSHIP 7 0 NORTH, RANGE 2 0 W EST 
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In this township the outcrops are biotite schist and granite as in the 
township south of it. In this township, however, the schist predominates. 
There are ill-defined areas of granite, and large dikes of pegmatite. Dip 
needle readings by Edward Steidtmann show no abnormal magnetic at

traction. 

, 
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This township shows many outcrops most of which are biotite schist, 
but pegmatite dikes of considerable thickness occur even in the most 
northern outcrops in Rainy Lake. These dikes have tourmaline and mus-. 
covite in them but neither seem to be of commercial quality. Dip needle 
readings by Edward Steidtmann show no abnormal magnetic attraction. 
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TOWNSHIP 61 NORTH, RANGE 21 WEST 
Geology by party under John Uno Sebcnills; alld by G. A. Thiel 
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The rocks of this township are mostly concealed under deep drift, but 
the probable formations may be estimated. The mica schist outcropping 
in the town ju t east probably extends far into this a rea; it seems to be 
the rock encountered in a well in the northeast quarter of Section I3. 
Granite is exposed in Section 2 I. but i probably a mall off hoot from 
the Giants Range batholi th, which is well expo ed in the adjoin ing town-
hip south. These expo ures are mapped for the first t ime. \ Vest and 

north of thi town hip there is so much E ly green tone that considerable 
of the northwe t part of th is town hip may be tentatively mapped as hav
ing greenstone bed rock. 

The beaches of glacial Lake gassiz cross the north side of the town. 
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Few outcrops have been noted in this town hip. Mos t of the surface 
is clayey soil deposited by the waters of Lake Agassiz. 

Along the river in Section 3, is an exposure of syenite like that fa rther 
east and north , H alf a mile south of Celina, a well encountered bed rock 
that seems to be E ly greenstone and since that fo rmation occurs on all 
sides it may be assumed to occupy most of this town. Basic intrusives 
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occur on the southwest and it is likely that syenite is widespread along 
the north side. (See Fig. 16.) "Black jasper" is reported by J. H. 
N e1imark in a well near the northeast corner of Section 3 I. This may be 
black diabase like that a mile farther west, but it is probably not iron
bearing formation. Dip needle readings showed no attraction in the 
neighborhood. 
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The biotite schist of the northeast and Ely greenstone of the south
west are probably the chief formations of this township. They are 
intruded by syenite in the southwest and by diabase gabbro in the east 
central parts of the township. No contacts between these several rocks 
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were noted, but the age is e timated from the relations of the same petro
graphic types farther east. Glacial drift which conceals most of the bed 
rock, has been modified by the waters of Lake Agassiz so that clayey soil 
covers nearly everything. 

The syenite mentioned has been found to contain a high content of 
potash. (See Table VIII, analysis 17.) This syenite is apparently the 
rock which causes the abnormal magnetic attractions found by F. F. Grout 
in the southwest quarter of the township. (See Fig. 16.) No iron
bearing formation is indicated. 
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Fig. 16. Map of outcrops in Linden Grove and adjoining townships. Figures show abnormal 
dip needl e r eadings by Frank F . Grout. Cross lined areas are syenite. Stippled areas, Ely 
greenstone, ( the southwestern area known in a well) . The abnormal rr..agnetic attraction is 50 

definitely r elated to the area of syenite and its boundary tbat the magnetism can not be taken as 
an indication of an iron·bearing formation. 
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TOWNSHIP 64 NORTH, RANGE 2 1 WEST 
Geology by F . F. Grout 
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The chief rock exposures in thi tow'l1Ship are the E ly greenstone in 
the southwest and Vermi lion granite in the northeast. It is believed, 
however, that the biotite schi sts which a re exposed southeast of the town 
extend into it for se veral miles. T he g ranite has inclusions of chist and 
larger bodies no doubt exi t within a short distance. Glac ial drift, modi
fied on the southwest by the waters of Lake Agas iz, covers most of the 
bed rock. Dip needle readings were taken by Edward Steidtmann and 
the Survey parties along the roads of the township, and all were found 
to be normal. 
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T his township is in the area of Vermilion grani te, but i near the 
southwe t side where biotite chist is abundant. On the shore of Net 
Lake, just west of Section 19 of thi s township at the Ind ian village a 
dike of diabase intrudes the schists. Dip needle readings were taken along 
the roads in the southern part of thi s township by E dwa rd Steidtmann 
and all were fo und to be normal. 
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This township has outcrops of Vermilion granite with biotite schi st 
inclusions. Some areas of schist as much as a mile wide may occura but 
have not been visited. A special trip was made west of Ash Lake to see 
outcrops and get dip needle readings in an area of supposed iron deposits, 
but no magnetite was found . The outcrops and dip needle readings were 
mapped by Edward Steidtmann and party. No abnormal attraction was 
found . 

• See map of northern St. Loui s County in Vol. IV of the Final Report of the Geologica! 
and Nat. Hist. Survey. 
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This township has many outcrops of Vermilion granite with biotite 
schist inclusions. Dip needle readings have been mapped by Edward 
Steidtmann and party. No abnormal attraction was found. 
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The Vermilion granite is the chief rock in the many exposures in this 
township, but biotite schist inclusions are numerous. Pegmatites cross 
these formations very much as in the townships where magnetite is found, 
but no magnetite or ma'gnetic attractions were discovered in this area. 

West of the county line, in the SW~ Sec. 2, T. 68 N., R. 23 W., near 
the town of Ray, magnetite pegmatites outcrop with about the same char
acter as those in St. Louis County, but they are very lean. Some drilling 
is said to have been done in this section, in connection with mineral 
prospects. 
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The Vermilion granite in the southern part of this township has many 
large inclusions of biotite schist, and the schist farther north has many 
granite intrusives. The line between the two formations is therefore 
somewhat arbitrary. Dip needle readings by Edward Steidtmann showed 
no abnormal attraction. 
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In this township there are many exposures of biotite schist along the 
shores of Kabetogama Lake. These are correlated with the Knife Lake 
slates. T hey are cut by granite and pegmatite dikes which are probably 
related to the Vermilion granite, outcropping a few miles to the south. 
None of the rocks seem to have any commercial interest. 
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TOWNSHIP 7[ N., RANGE 2[ w. 
In this township there are many exposures of biotite schist along the 

shores of Rainy Lake. These are correlated with Knife Lake slates. A 
few dikes of granite and pegmatite cut the schist and are no doubt related 
to the Vermilion granite a few miles south. 

The island extending into the county in Section 19, along the inter
national boundary, has a small exposure of green schist of the Ely green
stone formation . This is the eastern exposure of a fold that is mapped 
in Koochiching County. 
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