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PREFAOE. 

In this bulletin the writer has endeavored to add to the 
knowledge of one of the most perplexing and fascinating 
fields in American geology. At the same time, some apology 
must be offered for the incompleteness of the work. Both time 
and opportunity have been too scanty for a thorough study and 
~alysis of all of the problems which have presented them
selves. New modifications of old principles. and new principles, 
will be found to bave been active in other areas, apart from 
that especially studied; and, not improbably, in this a.rea it
self. Economic geology in these departments is as yet rudi. 
mentarYi but it is hoped that the main points bere presented 
will prave sound, and can safely be made the basis for more 
advanced work. 

In the preparation of this subject, aid of the greatest value 
has been rendered by many friends in Massachusetts and Min· 
nesota. The writer is especially grateful to Mr. H. V. Win· 
chell of Minneapolis, to Professor J. E. Wolff a.nd Dr. R. T . 
Jackson of Harvard University, and to Professor N. H. Win· 
chell and Dr. U. S. Grant of the Minnesota survey. 

J. E. SPURR 
Minneapolis, April 30, 1894. 
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CHAPTER I. 

GENERAL STRUCTURE OF 'fUE ~(ESABI RANGE 
IN 'fUE IlWN -.BEAR(NG REGION. 

THE KEEWATIN SER[ES. 

The lowest rocks of the iron·producing region are in part 
certain greenish schists which a.re profoundly metamorphosed. 
For this reason it is difficult to decide in any given case what 
was the origina.l na.ture of the rock, for most of the original 
mineral characters b ave disappea.red. It seems clear, how
ever, tha.t some of them a.re derived from clastic rocks- sla.tes. 
qt1a.rtzytes, gra.ywackes. etc., while others have an igneous ori· 
gin. All of these rocks hlwe been cbangAd and brought. to re
semble one another in some degree by dyna.mic forces, which 
have induced re-crystalliza.tion a.nd tho development of certain 
minera.ls common to all. One of the most marked effects of 
these disturbances is flo regiona.l cleavage, which is nea.rly uni
form, - in t.rend, a.bout N. 70° E. , in hade approaching the 
vertica.l. (See Fig. 1.) 

These Keewatin schists are exposed upon the south slope of 
the Gie.nt's ra.nge of h~lls, or that region which goes under the 
na.me of the Mesabi Iron range, to a. limited extent only. In 
general terms, they form a. narrow strip. somewhat less than 
a mile in width, running in a north of east direction from the 
middle of the extreme southern part of T . 59-18 to the Embar
ras lakes a.nd eastward. They there seem to disappear, but 
reappear again in the same position further east. West of 
range 18 they are found only in isolated patches, along the line 
which is given by the continuation of the principal strip. There 
is an exceptional occurrence in T. 58·17, where a. tongue of the 
Keewatin· schists runs southwest across the town. quite to its 

' The terma Keew. tl n a nd Aolmlkle a re used by the Minnesota s une y '-0 des ll oue 
to rnl .. ~IO'" wbi(:h correspond In lI eneral toO the Hu ..... nl.n ot the United 8ta.t es aurvey._ 
the Keewa.U" be!", In the Lower. the Aohul lr le oonn!tuUnll the Upper !luroilia ll. 
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southern border, and just enters the northern limit of T. 57 17. 
'rhe most common phase of these schists upon the Me~abi 

rallge, is that which goes by the common name of ., green 
schist." This has a fine texture and is chiefly distinguished by 
the development of sericite and kindred minerals along the 
cleavage surfaces, and hence generally throughout the rock. 
Along the northern edge of the Keewatin area, these schists 
come in contact with granite, and bere, in many cases, there 
has been a more complete crystallization, resulting in the 
formation of limited areas of hornblende and mica schists, 
sometimes coarsely crystalline. On the extreme southern 
limit, on the other hand, there is less change, as in the south
ern part of the area which runs across T. 58-17. Here, in 
many cases, the schists resemble dosely little-altered sedi
mentary rocks. 

GRANITE. 

Next in order of age is the granite, of which the higbest 
part of the Giant's range consists. South of this ridge of hills 
it is not found to any extent. but it lUns north, making for 
some distance the northern slope of the divide. In shape, the 
granite area is long and narrow, constitut,ing a belt which 
traverses nearly the whole Mesabi region in Minnesota. The 
width of this strip averages perhaps nearly ten miles, and the 
direction is about N. 70 0 E., or about the same as the trend of 
the schistosity in the Keewatin rocks. The relation of the 
granite to the schists is plainly intrusive. It cuts the schists 
at the contact, and sends small stringers into them; near the 
edge of the granite area there are imbedded numerous frag· 
ments of the schists, more or less profoundly metamorphosed 
and re·crystallized, according to the size of the fragment, and 
the distance from the contact; and along the contact, and 
especiaUy where some slight irregularity in the course of the 
granite runs, so as to partly surround a fragment of the 
Keewatin, portions of the main body of the schist have been 
metamorphosed, as before stated, into more perfectly crystal
line hornblende and mica schists. The same proofs of the 
intrusive nature of the granite have been found, and stated by 
Dr. U. S. Grant, for the region further east.* So it is quite 
proper to speak of the Giant's range granite as a dike, which 

·Twelltleth AIlII. ltel) .. Oeo l. a nd Nat. Rl st. Snrvey of MIDnesota., "Field Olmer~a_ 
tlons Oil Certain Ora.nlte ArMS," pp. 35-96. TwentY-firn AUIl. ReI). pp.36-37 
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came up nearly vertically into the Keewatin rocks. The 
age of this dike is not closely fixed, except !,hat it is, of 
course, younger than the Keewatin period, and far older than 
the lowest rocks of the overlying Animikie strata.. In the 
tongue of Keewatin rocks which runs down into township 
58·17, there are found two lenticular masses of the granite, 
surrounded by the schists. Of these the smallest is farthes t 
from the main body of g ranite. being situated in sections 20 
and 21 , T. 58- 17. I t has a length of about threE · quarters of a 
mile, and a width of a few hundred yards. The larger one bas 
a length of nearly three miles, and a wid th at the middle of 
about three· quarters of a mile. It crosses the range line be
tween T . 58-17 and T. 58- 16, in the northern part of the town· 
shi ps. The longer axes of these two masses are in a common 
direction, and correspond with the general trend of the main 
body. They are undoubtedly the surface exposures of apo
physes from the main d ike. 

P etrographically, the granite of the Giant's range is a horn· 
blende granite, which in various parts of the field is modified 
by the varying increase or diminution of any of the constitu· 
ents. Besides the variations of mineral composition, there are 
also grea.t differences of texture, due in the main to the relative 
proximity of the Keewatin rocks. Near this contact the gran
i te becomes fine· grained and gneissic; but it grows coarser as 
the distance increases, and becomes often coarsely porphyritic. 
The granite of the apophyses is of the same mineral compo
sition as the rest, and in its finer texture corresponds exactly 
to the common fine-grained phase found at the contact of the 
main d ike with the schists. 

THE ANIMIKIE SERIES. 

Unconformahly upon the folded and schistose rocks of the 
Keewatin and the granite l ies the Animikie series. 'f he com· 
parison of these two formations shows t.he immense time· 
break which this unconformity represents. None of the forces 
which have changed the K eewatin have operated upon the Ani
mikie series, for here there is neither a.ny marked fold ing nOl' 
schistose structure, nor allY other evidence of great disturbance . 
The Keewatin rocks were altered to their present condition 
quite completely before the lowest of the Animikie strata were 
laid down. Thus, between the deposition of the rocks of these 
two formations, there intervened vast periods of disturbance, 
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producing iutricate a.nd complex folds, the intrusion of the 
granite, and the development of the regional schistosity. But 
since the beginning of the Animikie period. this region has 
been left compara.tively undisturbed by dynamic forces. 

The main part of the Animikie series in Minnesota., a.nd all 
that part which includes the known iroll·bearing region, lies to 
the south of the granite of the Giant's range, and constitutes, 
for the most distance, the immediate southern slope of the 
divide. It thus forms a belt which extends from the Missis
sippi river to the extreme northeastern par!; of Minnesota, 
at Pigeon point;. and into Canada, to Thunder bay. In length 
it is over two hundred miles, although in the central part 
of this belt the rocks are disturbed and often hidden by the 
later igneous rocks of the Keweenawan. It is almcst always 
less than ten miles in width, and very often no more than two 
or three miles. 

The stratigraphy of the Animikie cocks is nearly uniform 
throughout the whole extent oi this belt, except where locally 
disturbed, as stated. In general, they are arranged in a gentle . 
Dlonocline, WhICh dips south, with often a decided east-oi·south 
t-endency, at a slight angle, which perhaps averages from ten 
to fifteen degrees. In the northeastern part of the state the 
str1:l.ta thus disappear beneath the Keweenawan rocks; in the 
western part, the continuation to the south is hidden by a great 
thickness of drift. Other than this uniform and slight mono
elinal tilting a.nd the accompanying disturba.nces. there have 
been no regional changes in the position of the Animikie series. 
There has been no folding of importance, nor even any marked 
development of induced slaty cleavage in the argillaceous rocks 
which form a. great part of its thickness. The disturbances 
which took place between the end of the Keewatin and the be
ginning of the Animikie period were thus in this region·incom. 
parably greater than the changes of all succeeding time. 

For present purposes the Animikie series Dlay be divided 
into three chief membersj- the l:>asal quartzyte, the iron·bear· 
ing member, and the upper slates. 

THE PEWABIC QUARTZYTE. 

So far as is yet definitely known, the quartzyte which is here 
called Pewabic lies at the base of the Animikie rocks in Min
nesota. It is tolerably uniform throughout its extent, varying 
in texture from an extremely fine·gra.ined variet.y to a very 
common sort, where the small pebbles of translucent quartz 
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average perhaps an eighth of au inch in diame ter, and are very 
closely crowded together. and finally w a. rare conglomer· 
atic phase, in which the pebbles are still almost entirely of 
quartz. This conglomeratic phase is supposed t o represent 
the extreme base. 

The only change of importance which has overtaken the 
quartzyte since its deposition has been the filling of the inter
stices with silica by enlargement of the grains of sand. Or· 
dinarily, these enlargements are of crystalline quartz, like 
that of I.he original grains, a nd the addi tions have been made 
without any change of the crystallogra.phic a.xes; but occasion
ally, especially near the top of the formation, specimens are 
met with where the filling has been made with aggregate or 
cryptocrystalline silica. The sourc(:! of th is secondary silica. 
will be shown to be the disint.egrating iron ·bearing member 
above. 

THE IRON· BEARING MEMBER. 

The rocks which contai n all of the ores of importance along the 
Mesabi range constitute a strongly marked horizon, presenting 
as a whole no resemblance to the quartzyte member or the slate 
member. I n places where these three mORt important Iflem
bel'S of the Animikie series of the iron-bearing region occur 
together, the boundary which separates the iron·bearing mem
ber from the others, above and below, is distinct. I ts litho· 
logical characteristics will be discussed and described in detail 
further on. 

Distribution oj the hon·Bea1·ing Rocks. 

The iron-bearing member is: known to extend in Minnesota 
from Pokegama falls, on the Mississippi river, as far as Gun
fl int lake, on the Canadian boundary. From this point the An
imikie series continues eastward 00 Pigeon point, along the 
international boundary, and thenCfl into Canada. where it 
is best known around Thunder bay. In Minnesota the ex
istence of the iron-bearing member is not known east of the 
G unflint L ake region, where it is well shown. and where most 
of the observations upon it have hitherto been made. At 
P igeon point it is not found, although the rocks of the Ani· 
mikie series are well ~xposed. Neither does it seem to occur 
at Thunder bay, although the discovery of iron in this region. 
comparable with the deposits of the Minnesota. part of the 
se ries, has been predicted by some Canadian geologists. But 
this belief seems to have been founded simply on the recogni-
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tion of the Animikie series as a whole, as the rocks associ
ated with are deposits; and appears to be inaccurate, from fa.il
ure to distinguish the iron-beatin g member as the only one 
which contains ore in appreciable quantity. Irving, * in de
scribing the rocks of the Thunder bay region, did not recog
nize the existence of the iron-bearing member. Following are 
extracts from his description: 

"Arou nd Thunder bay the rocks or tohls series, wb lch are chiefly black 
slates , graywackes, argillaceous quartzytes, int.erstratifl.ed diabase, a nd 
gabbro layers, which are many In number, and iodividuaily o[t,en have 
a considerable t hickness, are exposed on a large scale. 

"So tar as i t Is developed along the In ternational boundary li ne, the 
lowest layers ot the Anim ikle series in sight are those 011 Gunflint lake. 
The highest layers are those in the viciaity of Grand P ort.age bay. t he 
whole succession between these points being some thousands of teet In 
thickness. The iron-beari ng horizon a.t the base of this succession is 
lithologically identical with t hat of the Penokee series of northern Wis
cOIl"ln anel Michigan, while the black slates, graywackes, etc., which suc
ceed the Iron-bearing horizon, are ill turn the counwrparts ot thoae which 
torm the middle and upper portions ot the P enokee serieil." 

At present, therefore, we must consider the iron· bearing 
member to be limited, at its western extremity, by Pokegama 
falls , on the Mississippi river, and on the east, by the vicinity of 
Gunflint lake. It is found fO'!: some slight distance west of the 
Mississippi river; t and at its eastern limit it is well-developed 
both on the Ame rican and the Canadian shores of Gunflint la ke. 
Its length is thus nearly one hundred and fifty miles. 

StratigraphiC Relations. 

The iron-bearing member occupies a definite and constant 
position with regard to the other members of the Animikie 
series. From Pokegama falls to the region of the Embarras 
lakes, it is for the greater distance,known to rest directly upon 
the quartzyte, a.nd to be overlaid by the slates. In t his r egion 
these three members are persi<;tent and constant in their r ela· 
tions, a.nd they are not disturbed ' or modified" by 'any other 
rocks. From the Embarras lakes region to the vicinity of 

, Gunflint lake the relations of the strata. have not well been 
made ou t, owing to the C'A)nfusion ariSing from the presence of 
the great gabbro of the Keweenawf\<n, which concea.ls the Anim-

~u . S. Geo\, Survey. Seventh An nuo.l Report. pp. 'W-~22; 011 the Ol&9Slficatlon of 
the Early O .. mbrlan aDd pre-Cambrian F orm .. tlOIlS. by it . O. Irv l DII: . Quoted In Tenth 
AnDuallteport. p. ' OJ: The Penokee lroo-bearlng Series of Mlcblg .. D &nd Wisconsin, 
by R. D. [rv in" and O. U. Van Hlse. 

t Twent ie t b Ann . Rep.; Minn. Oeol.and Nat. DIn. Sur"ley. p . 116. Tile Mcs.o.hllron 
RaDge, by B orace V . Winchell . 
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ikie strata, or disturbs their positions and apparent relations. 
As far as can be ascertained, however, the association of tho 
iron· bearing member with the other two grand divisions of the 
series, especially with the underlying quartzyte, do not strictly 
hold for this region. In township 60 north, range 13 west, 
section 13, it has been found resting directly upon the granite 
of the Giant's range. A drill· hole sunk under the direction of 
the L ongyear Company in this place passed through one hun
dred and ninety feet of hard "jaspery tacouyte" banded with 
are. The bands of ore were five or six inches thick, and the 
iron was hard, black. and nearly always magnetic. At Gun
flint lake the lower quartzyte, according to I rving* and others, 
is not found. but the iron· bearing member lies directly upon 
the unconformable schists of the Keewatin. A few miles west 
of Gunflint lake it was found to lie on the granite, as reported 
by the professors Winchell. t Further east than this its rela
tion is not known since it does not appear in the horizon of 
rocks exposed. 

Divisions of the Jlesaoi fron Range. 

It will thus be seen t·hat the Animikie of Minnesota may be 
separated into three geographical regions, of about equal 
length and marked by differences sufficiently great to make a 
division desirable. The first division, which we may c3.11 the 
Western Mesabi region, extends from the Mississippi river to 
the neighborhood east of the Embarras lakes. The second 
division, wbich may be called the Eastern Mesabi region, ex
tends from tbe vicinity of the Embarras lakes to the neighbor
hood. lying south and west of Gunflint lake. The third divis· 
ion. which may be ca.lled the I nternational Boundary region, 
extends from Gunflint lake eastward into Ca.nada. 

Broadly speaking, tbe Western Mesabi region is character
ized by the persistent occurrence of tbe three main divisions of 
the Animikie as described for Minnesota, and tbe absence of 
later disturbing rocks like the gabbro and traps of the Keween
awan. The Eastern Mesabi region is marked chiefly by the pre
dominant influence of the traps and gabbros above mentioned, 
together with the other features, which will be shown to be 
probably the direct result of their invasion : the obscuring of 
tbe true stratigraphy; the predominant magnetic condition of 
the iron, and the more crystalline state of tbe accompanying 

·Loc. <lit. 
tlOllCteeoth Ann. Rapt , pp. M. 266-2t8. 
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silica; and the absence of iron, so far as yet shown, in bodies 
large enough for profitable mining. This region is also marked 
by the subordination in importance of the lower quartzyU!, and 
its final di.sappearance. T he International Boundary region 
also is characterized by the constant occurrence of igneous 
rocks within t.he series, but in less quantity. and occasioning 
Jess confusion than on the Eastern Mesabi; by the subordina
tion in importance of the iron-bearing member, and the great 
development of the upper slate division. The Mesabi iron-bear
iug formation is thus separated into two divisions, the Eastern 
a.nd Western Mesabi. 

For the reasons above mentioned, the Western Mesabi offers 
the most attractive field for study upon the causes and condi
tions governing the formation of the great ore deposits which 
lend the chief economic interest to this series. Not only are 
the strata little disturbed and the rocks less altered than in any 
other part of the Animikie series of Minuesota or even than 
the rocks of any other of the iron regions of Lake Superior, 
but it is here that the formation of are has been accomp lished 
on the most magnificent scale. Within this district all of the 
paying mines and promising explorations so far discovered on 
the Mesabi are located; and in the amount. a.nd quality of tbe 
ore already developed, it compares favorably with the richest 
of the older ranges. 

The known ore-bearing district at the presen t time is marked, 
in its highest development, by the Hale mine on the east, situ
ated in the northeast cornel' of T . 58·16. and on the west by the 
Mesabi Chief mine, situated in the eastern part of section 23, 
of T 57·22. East of the Hale no paying mines have been devel
oped, and west of the Mesabi Chief but ODe mine is found, 
which, however. is one of tbe oldest on the range, - the Dia
mond, in T . 56·24. While it is probable that other bodies of 
ore will be discovered outside of these limits, especially in 
the region between the Mesabi Chief and the Mississippi, 
yet it is here that at the present time there are the greatest 
opportunities for acqua.intance with the phenomena of the 
occurrence of are. In the course of the explorations for iron 
within this area many hundred test· p its have been sunk, which 
serve in the place of outcrops and are of the greatest value to 
the geologist. It is in tbis district that most of the field work, 
the results of which are embodied in the present repor t. has 
been done; and the specimens which have served for la.boratory 
study, and on which many of the conclusions are ba.sed, have 
been collected from the same region. 



THE MESABI IRON- BEARING ROCKS. 9 

Thickness oj the Iron-Bem'iny Member. 
On the Western Mesabi the iron ·bearing member is exposed 

in a strip which varies in width from half a mile or less up to 
two or three miles. In the na.rrowest parts the dip is ire 
quently as great, loca.lly at least, as thirty degrees. The most 
usual width is a.bout one mile, and here the di p averages about 
ten degrees. The wider strips always occur in districts where 
the dip is on the average very slight. So we may estimat.e the 
thickness of tbe member as between 500 and 1,000 feet. with an 
average of about 800 feet. In several places, as in the basin of 
Embarras lake and that before mentioned in T . 60- 13, drill 
holes have passed through nearly 200 feet of the iron-bearing 
rock. I n the d rilling at Embarras lake, the bottom of the fOl" 
mation was not reached, but in the ca.se last mentioned the 
thickness r epresent.ed the whole extent of the member in that 
place. 

THE UPPER SLATES. 

Above the iron-bearing member lies a series of fine-grained 
detrital rocks, of uncertain but probably great thickness. So 
far as the Minnesota. territory is concerned they are at the top 
of the Animikie. These slates consist mainly of siliceous rna· 
terials which are apparently derived from the erosion of the 
Keewatin rocks. Tbere is. however, at least one marked ex· 
ception to this in the lowest horizon, which lies directly upon 
the iron ·bearing rocks. This horizon is, when least changed, 
an impure limestone; and it seems to be nearlycontinnous over 
a large part of the Western Mesabi. 

A typicalloca.lity of this limestone is found in the pit on the 
south side of the road between Virginia and Mountain Iron, in 
the northwest of the northeast quarter of section 7, T . 58- 17. This 
is dark gray in color, and shows an apparently original bedded 
structure. Specimen 76 is from this locality. T he alternating 
layers a re of different shades of gray. T he rock effervesces 
freely with cold dilute hydrochloric acid. Under the micro 
scope, the strncture is seen to be that of an impure, little· 
altered limestone, consisting mainly of grains of calcite, very 
small, but of nearly uniform size, with which are intermixed 
ch Joritic material and iron·oxide dust. Scattering fragmental 
grains of quartz are also found. 

I n o ther pa r ts of the field this calcareous layer has under
gone important modifications, for, while it still remains a 
car bonate, yet the original calcium has been replaced , to a 
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greater or less extent. by other bases. Thus, near the contact 
between this layer and the iron·bearing series, in section 4, T. 
58-16, the rock, which is seen to be identica.l in structure with 
section 76, under the microscope, is Iound by the analysis to 
have been almost completely dolomitized. This r ock is de
described as 53-·2, in the chapter on the microscopic 
examinations of thin sections, and the analysis of an impure 
portion of it is there given. In the specimen analyzed, 
which was obviously greatly more impure than that 
examined under the microscope. the remaining carbonate is 
seen to be almost wholly magnesite. while the ferruginous im
purities haVf~ increased, owing to the immediate proximity of 
the rocks of the iron· bearing member, till they form the larger 
part of the rock. 

In other parts of the field this calcareous layer seems to have 
undergone a ferration. This may also be ascribed to the influ· 
ence of the solutions derived from the iron·bearing member, 
which in many places happens to lie topographically above 
it. Where this Ierrated limestone is found, tbe contact between 
the upper slates and the iron·bearing rocks cannot be distinctly 
located; for the rock has not only become ferrated, but in some 
degree silicified; and so its structure is hardly disdnguishable 
from some of t.he phases of the iron·bearilJg member. An ex· 
ample of this class of ferrated slaty rocks is specimen 112, 
from the northeast of the southeast of section 17, T . 58-19. 
Under the microscope tbis is very fine · grained, and consists of 
an intimate mixture of green chloritic matter and the carbon· 
ates, without observable arrangement, but having, on account 
of the uniform texture, a fragmental appearance. In the band 
specim'en this is a nearly black slate, without distinct slaty 
cleavage or WE'll· marked p lanes of actual bedding. Little can 
be learned of the original nature of the rock through this mi· 
croscopic study, but in structure it is nearly identical with the 
impure limestone of specimen 76, and therefore the carbonates 
seem to have altered from the condition of calcite without 
great. chauge of form. An analysis of this rock was made with 
the following results. 

ANALY::IS o~' SPECIMEN 112 RY A. D. MEEDS (CAi:MIOAL SERIES 210). 

Silica, SIO , . . ..... . .. .. ... . .. . ... . . . ....... . 
Ses<!.uioxlde or iron, Fe . O • ... . .... .... . ... ... . .. . ........ 
Protoxide of iron, FeU . .. . .. .... .. . . . 
All.lmlna, AIIO •. .. ... . .........• . ... . 
Lime, CaO......... .... ... . . .. , .. .• .. . . .. .. •• .... .. 

23.80 per cent. 
5.97 " " 

32 . 21 " " 
7.95" " 
4.61" " 
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Magnesia, MgO.... .. . . .... ...... 5.8!} " " 
Soda, Na,O. . ...... .... . ...... ... . .29" " 
Potash, R.O. . . . ..... . .. .. . .. .... . ... .. .. .. .IR" " 
Manganese, MnO.... . ... . . .. . . ..... . ........... t.racc. 
Water, R . O. .. ... . ..... . ...... •. •. ........ .... .••• .. 4.~ . < " 

Carbon dioxide, CO...... .. . .. ...... ... .... .. ... . . .. 11.84 . < 

LObS on Ignition...... .... . ..... .... . . .... ......... 3.35" " 

Total .. 100.43 

The results of this a.nalysis are in accord with the sugges
tions of the microscopic examination. A part of the carbonates 
still consist of the calcite which is peculiar to this horizon. 
None of the rocks from the undoubtedly iron-bearing series 
have been found upon analysis to contain more than a very 
small quantity of lime. Thus what is here found probably rep
resents the residue of the original limestone; the amount of 
magnesia represents the effects of the dolomitization, as repre
sented in specimen 53- 2, while the majority of the rock has 
been ferrated and changed t9 siderite. Two other important 
points' of difference between this rock and the rocks of the iron
bearing member which have been analyzed suggest themselves. 
The first is the large amount of residual organic matter. in 
which respect this is . identical with 5H-2. The second is the 
presence of a trace of manganese. I n none of the analyses of 
the iron-bearing rocks, save in profoundly altered phases, has 
even a trace of manganese been reported. 

The thickness of this lowest and typically calcareous layer 
of the upper slates is not great; it grades gradually into the 
siliceous slates above. and the thickness may be estimated as 
between ten and fifty feet, varying in different localities_ So 
far as is known on the Western Mesabi the slates above this 
are uniformly siliceous. 

THE TILTING OF THE ANIMIKI E_ 

It has been stated that the only important disturbance which 
has befallen the Animikie strata since their deposition is 
the monoclina.l tilting. There is a. slight wrinkling of the strata 
into gentle undulations, and some accompanying faulting, but 
these phenomena seem to be connected, and may be provision· 
ally assigned to a. single period of disturbance. 

It is probable that there is some connection between this 
disturbance and the igneous rocks which belong to the Kewee· 

*Lo"" uo IgnItion above lb~ amount ot a.o and CO. probably NlprC8ents orgallia 
DllI.tt.er_ 
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nawan. Upon the middle part of the Mesabi in Minnesota. 
these rocks have cut across the belt of Animikie strata, and 
thus in many places there results great change of position, 
steep dips and confusion of stratigraphy. Going east the angle 
of the dip almost steadily diminishes, the rocks at T hunder bay 
being often nearly horizontal.· To the west the same thing 
happens, the dip g:.rowing less as the distance from the central 
area, and in this case from the whole Keweenawan region, in· 
creases. Over the greater part of this district the direction of 
the dip is southward, or southeastward. In the region imme
diately west of the Keweenawan area. there has been some slight 
faulting and folding, but this disturbance seems to die out as 
the distance from the igneous rocks in(',reases. It is prob~ble, 
then, that the weight of the Keweenawan rocks has produced 
a sinking of the area south of the Animikie, and that this has 
produced the tilting. The process of subsidence was probably 
slow. and was not accomplished until later Keweenawan or 
post· Keweenawan time, for in many places the Keweenawan 
rocks themselves are tilted in the same direction as are the 
Animikie strata, and so have participated in the movement. 

· 0 . S, Owl. Survey. 7th Ano. Rep .• pp. 420-.22. On t'he Cl&SlllficatiQn of tbe Ea~ly 
Cambrlau and Pre-ClIombrlan Formiltions; by R. D. Irving. 



CHAPTER II. 

MINOR STRATIGRAPHY OF THE WESTERN 
MESABI. 

The Animikie series of the iron region shows a freedom from 
disturbance by outside dynamic forces that is wonderful, can· 
sidering the great age of the strata.. The general structure of 
a gentle monocline is often quite undisturbed. even by slight 
v!!.riations; and when these modifications occur, they are gen" 
erally of no great importance. 

TOPOGRAPHY. 

On the western part of the range the topography is teaRt 
bold . Here the rugged elevation of the Giant's Range bills 
further east is softened down to a gen tle slope. the summit of 
which, forming the divide as before, is often scarcely to be 
r ecognized, save from the course of the sluggish streams. Here 
the effect of the different underlying rocks on the topography 
is not great, and the ch-ange from one formation to another is 
marked by no sharp changes in the surface features. The 
highest point in the divide is not always strictly in the granite 
area, although it maintains itself in that neighborhood. Thus, 
where the divide crosses the southeast corner of T. 58-21, the 
summit is marked by a ridge of the quartzyte, and at the very 
highest point of this ridge, whICh is in sec. 35, and is some
what over 1,700 feet above the sea, this contour line includes a 
part of the iron·bea.ring member itself. 

The dip of the Animikie strata. in this region is very gentle, 
often seeming to the eye to be nearly fl at. As a consequence 
of this the iron -bearing member occupies a. more uniformly 
broad strip than it does further east, and, mainly by reason of 
th~ more even erosion, the quartzyte comes to the surface in a 
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continuous str ip. lying between the iron-bea.ring member and 
the granite. This strip is tolera.bly uniform through town
shi ps 57·21, 58·21, and to the center of T. 58·20. Here it nar 
rows to a. wedge and disappea.rs, sa.ve for a. loca.l reappeara.nce 
here and there further east, from under the overlapping iraQ
bearing member. At this point the summit of the divide defi
nitely passes into the granite area; the bil1s become steep, and 
are strongly contrasted with t he even slope of the Animikie 
rocks to th~ south. From here to the southern pa.rt of T. 
59-18, the iroQ-bearing member genera.lly a.buts directly at the 
surface against the granite, the quartzyte appea.ring only in 
occasional patches. Then the Keewatin schists come in be
tween thegranite ,80nd the Animikie rocks, and continue as an 
important feature of the geology of the range as far a.s the 
eastern limitol the Western Mesabi. Against this area of Kee. 
watin schist the iron formation often rests.* This is seen not 
only in the field, from plotting of outcrops, but is proven by 
test-pits, as a t the Hale mine and vicinity. 

MINOR STRATIGRAPHY IN RANGES 18-21-

As we go east the exposed wid th of the iron belt shows a. 
gradual decrease. Througb ra.nges 21, 20, 19 and 18, the a.v· 
erage width is probably not fa.r from two miles. In T. 58·17 the 
a.verage is between a. mile and a mile and a balf, and on the west· 
ern side of the township it is not more than a mile. As the 
belt passes into township 58-16 it becomes still na.rrower, so 
that on tbe whole it is perhaps not more than three-quarters 
of a mile wide. At tIle extreme eastern end, at the Hale mine 
and vicinity. the width is probably less thaD half a mile in 
places. 

This diminution in width of the iron· bearing member in 
ranges 16 and 17 is attended by other striking differences 
which make a minor stratigraphical d istinction between this 
d istrict and tha.t comprised within ranges IFI to 21 inclusive, 
which has just heon described. The structure in t his latter 
region may be summed up as a uniform, gently sloping mono.· 
cline, with, so far as yet made out, few irregularities of any 
importance. 

"TwenUHIl Annual RepOrt Ml!l!lelOt& Goologlc~ Survey. p. 160. 
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MINOR STRATIGRAPHY IN RANGES 17 AND 16. 

The chief irregularity is to be noted in T. 58·17, 59·17, 58·16, 
59 16, and somewhat in 57·17. For nearly all the length of the 
Western Mesabi, the contact of the granite and of the older 
schists with the Animikie rocks, runs slightly north Of east; 
and though tbere are slight swings and variations, yet these 
are never abrupt, and the angle between the extremes of trend is 
probably not less than 30°. This uniform trend. which probably 
averages about N. 70" E . , conforms with the general course of 
the Giant's range granite, with the planes of schistosity of the 
Keewatin rocks, and with the trond of the Giant's range divide. 
It obtains as far east as range 17, and the eastern part of 
range 18. 

Following its regular north-of·east trend, the line of contact 
passes into township 59 in the extreme southeastern cor· 
ner of T. 59·19. About the middle of T. 59-18 it turns, and 
runs nearly due east. P assing into T . 59-17 it turns still further, 
and for the first time begins to run south of east. Thus the 
contact between the K eewatin schists and the iron·bearing mem
ber crosses into township 58 again, on the Une between sec. 34, 
T. 59· 17. and sec. 3, T. 58·17. From here it runs due south for 
a mile and a haH, through section" 3 and 10; it then turns and 
runs nearly due southwest for over two miles to the south line 
of section 20; then due south again, through sections 29 and 32, 
for over two miles, to the township line between 58 and 57, and 
into the northern pa.rt of sec. 5, T. 57·17. At this point it 
descr ibes a. la.rge a.ngle, and begins to pursue an almost due 
northeast course again. It keeps upon this with uniformity 
for some distance, cr ossing into T. 58·17 again at the southeast 
corner of section 33, a.nd passing through sections 33, 27, 23, 
and 13, into T. 58· 16; here it passes through sections 18, 7, 8, 
5 and 4, to the northeast corner of 4. very near the boundary 
line between 58·16 and 59-16. At th is point it turns again and 
runs east, with an increasing tendency to a north·of·east trend, 
along the northern border of 58·16. After this it resumes the 
norma.l north_of· east course. 

It will thus be seen that the regular E. N. E. trend of the 
contact between the Animikie and the older rocks, and of tbe 
course of the iron belt, is broken abruptly in ranges 16 and 17, 
by two local lines of trend. which have no relation to the usual 
line, and yet are persistent for seven or eight miles. Of these 
the more western line is the more va.riable in direction, but has 
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a general course of N. N. E., thus making an angle of about 
forty. five degrees with the normal trend; while the more east
erll has a more uniform course of N. E., making an angle of 
a.bout twenty-five degrees with the normal trend; loca.lly. how
ever. the parts of these lines make right angles with each 
other. The two extraordinary lines are in some places nearly 
parallel, but in general converge towards the south, so tba.t 
they meet in the northern part of T . 57- 17. 

This break of trend is also marked by a corresponding break 
in the topograpby. In the most of the iron belt, the contour 
lines, marking the southern slope of the divide, have a general 
north of·east course; but here they swing around and follow t.he 
course of the extraordinary lines of contact. The area included 
between these converging lines becomes much higher, not only 
thaia the immediately adjoining country, but also than any 
other part of the Giant's ra.nge. The eleva.tion of the highest 
points of the divide on the Western Mesabi, from ranges 16 to 
21. outside of these lines, scarcely varies more than one 
hundred fee t, and even these changes are not abrupt, but 
rather graduaL The h ighest contour line in range 21, occur
ring in Ts. 57 ·21 and 58-21, is 1,700 feet. This marks the grea.t
est elevation for the greater part of range 20 also. On the line 
between 20 and 19. thE! elevation rises to 1,800, aad maintains 
this height up to the more western of the two lines which have 
been indicated, with the exception of a. small area in sec. 
26, 'r. 59-18, which fa.lls within the 1,850 line. T o the east 
of the eastern line, the same observation holds good, the great
est elevation being in T . 59-16, and is ma.rked by the 1,750 foot 
coutour. But in the area comprised between the two extra
ordinary lines, the elevation rises, in T. 58-17, secs. 20 and 21, 
to over 1,900 feet, and in secs. 28 a.nd 33, over 1,950, and in one 
place nearly to 2,000 feet. This is 150 feet higher than the 
highest point on the ra.nge outside of this a.rea. These hills 
form a striking contrast with the surrounding country which 
lies south and just outside this line. From the section line, 
between 26 and 33, the elevation drops in a mile and a 'half to 
a uniform plain of 1,450 feet, a difference of 550 feet for the 
two sides of the dividing linaof contact. 

This break in the uniformi.ty of the topography marks a.lso 
the area included between these contact lines when they are 
produced to the north, past the point where they begin to 
swing around to the normal direction; and the area where the 
divergence disappea.rs is also that of the return to the normal 
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topography. That part of the granite belt which lies wi thin 
these lines constitutes by far the highest land of the West
ern Mesabi region . In Secs. 28, 59- 17, granite hills rise to the 
high t of 2,150 feet above the sea. Just west of this hjlt is a 
valley, about a mile broad, where the elevation for some d is
tance is not more than 1,600 feet. In this valley lies the pro
longation of the western of the two lines. On the other side of 
the valley the land r ises to 1,850 feet, which we have already 
noted as the highest part of the Mesabi outside of the area un
der consideration. Thus this area is at this point three hun
dred feet higher than any other part of the range. Between 
Secs. 35 and 36, in the same township. the elevation becomes 
greater than 2,000 feet, and on the line between Sec. 36, T. 59-
17, and Sec. 31, T . 59-Ii, it is still 1,900 feet. To the east of 
this latter eminence lies the valley of the P ike river, which is 
about a mile and a ha.lf broad, a.nd has an elevation near the 
river of about 1,500 feet. In this valley, and along the course 
of the river, lies tbe prolongation of the eastern of the t wo 
lines. Further east the land r ises f rom the valley, but the 
highest point attained is only somewhat above 1,700 feet . 

From tbese comparisons it is seen that this area rises from 
200 to 500 feet above the highest points in the adjacent coun
try, which lies west of the western line and east of the eastern 
one, and that these highest pOints are separated from the area 
by profound valleys of no great width, in which the extensions 
of these lines lie. For convenience this elevated region will be 
called the Virginia area, from the city of Virginia, which is 
situated nea.r it, in 'r. 58- 17, and is the most important town of 
the vicini ty. 

THE VIRGINIA UPLIFT. 

The Virginia area encloses as its center the largest body of 
Keewatin rocks found on the Western Mesabi south of the gran· 
ite. Indeed , its bulk is nearly twice as large as that of all the 
rest. Surrounded by the schists are two lenses of granite, repre· 
senting the ordinal'y granite of the Giant's range in its more 
finely crystalline phases. These lenses are found nowhere on 
the Western Mesabi save in the Virginia area. Against this cen
tral core the rocks of the iron· bearing member lie, forming a 
broad fringe, and passing down under the slates on their outer 
edges. 

'1'he character of the Virginia area, as described, points to 
the suggestion thatithas been brought up above the surround· 

2CO 
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iug rocks by So process of faulting. Thfo fault lines Ulay be sup
posed to correspond roughly to the lines which limit the region 
geographically. and are marked by the deviation of the ordi
na.ry trend of contact and the change in the topography. They 
were t~o in Dumber, differing in trend from 30 to 45 degrees. 
On the south they converged a.nd were lost in the north part of 
T. 57-17, and their northern ends, beginning to diverge widely, 
passed up inw the gra.nite belt, - the valley of the Pike mark
ing the course of the eastern, aud the valley through which the 
southern part of the range line between ranges 17 and 18 pas
ses that of the western line, - and are lost in the granite belt 
lying north of the divide . The faulting marked by these Hnes 
seems to have affected only the Virginia aJ.'ea, for east and west 
of this a tolerably uniform n-lation of the strata obtains. 

Evidence of the Fault at Vi?'ginia. 

In the northeast of the southeast quarter of section 8, nearly 
at the summit of the hill which rises steep ly to the east of the 
town of Virginia, and along which the a<;sumed fault· line runs, 
a peculiar, dark, sometimes flinty phase of the iron -bearing 
member is found, forming the capping of the hill in this place. 
This rock is dark, sometimes nearly black. It is ordinarily ex· 
tremely siliceous, and frequently presents the physical appear
ance of chert. In other bands it has more of the appearance 
of an ordinary indurated slate; in some places it is filled with 
small rhombic crystaLs of siderite, in others it shows a multi· 
tude of small concretion-liIre forms, whi ch are a frequent char
acteristic of the rocks of the iron-bearing member, and will be 
fully described later. Going southwest down the slope of this 
hill, from the brow, this rock disappears, and in its place is 
found a deep and broad deposi t of soft hemati teo Near the foot 
of the hill the iron ore deposit ends, and at t,he foot a pit 
sunk reveals the same peculiar rock as at the brow of the slope. 
The horizontal distance between the two p laces is about six and 
seven hundred paces, and the difference in elevation at the sur· 
face about one hundred and thirty feet. The boring at the foot 
of the hill has gone down one hundred aud fifty feet from the 
surface, without finding much difference in the rock, while that 
at the top bas not penetrated far below the surface. In a.ll 
points, however, the rocks from the two places a.re identica.l. 

As will be shown, these special phases o f the iron.bearing 
rocks are not certainly known to occupy any definite strati
graphical position, and do not form always continuous bodies, 
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extending over a. large part of the formation. so that we can
not assign these two rocks to the same horizon with the cer
tainty that we mi.e;h t have if the reverse were the case. On the 
other hand, it is certain that these phases, and especially the 
sla.ty, flinty phase, with which we are dealing, do extend over 
considerable areas. sometimes as much as a mile in diameter, 
without greatly altering their appearance, and wit.hout great 
intermixture of other phases. The edges of these areas, more
over, do not terminate abruptly, but grade off into other forms 
of the iron·bearing rocks. So we may have reason for believ
ing tha.t these two rocks, so much alike, and in such close 
neighborhood, W"lre originally connected, forming one body, 
and that the rather abrupt break between them indicates. not 
a gradual change, but a mechanical fracture. The dip of tbe 
rock at tbe top of the hill seems to be very nearly level, but 
with a slightly western inclination; but this inclination is suf
ficient to account for only a small part of the difference of ele
vation between the rocke:; at the top and at the bottom of the 
hill . 

In this case, we ha.ve here a normal fault with a 
vertical throw of at least three hundred feet. and an easterly 
offset of a thousand feet or more. The width of the offset is 
mainly occupied 1:oy the deposit of iron are. and also in the midst 
of it, by the only deposit of manganese are of workable dimen
sions known on the range. 

Fault·plane an(l Breccia. 

A few hundred paces north of here, following along our 
fault-line, test-pits sunk on the L one Jack and the Missabe 
Mountain proper~ies have encountered, in the midst of the soft 
are, a deposit of peculia.r chal'aeter. This deposit has the 
form of a wall of no great thickness, the exact dip of which is 
Dot as yet. known, and the strike of which seems to follow in a 
genera.l way the strike of the slope. Test-pits sunk in this 
show it to be made up of ma.ny fragments of ha.rd hematite, a.v· 
eraging perha.ps three-qua.rters of an inch in diameter, en· 
closed in a cement of light red porous, fria.ble, limonitic 
nature, mixed with finely divided siliceous stuff. In shape these 
fragments are often perfect.ly rounded, but they are usually 
sharply angular, and the edges of these prismoidal fragments 
show no traces of attrition whatever. This material was en
countered in a vertica.l shaft for about sixty feet. Below this 
the sha.ft encountered a layer of white and red silica-kaolin, 
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varying in depth from a few inches to twelve feet. The or
igin of this substance wi:~ be explained during the considera
tion of the rocks of the iron· bearing member. Below this soft 
blue hematite is found. Other pits sunk on either side of this 
fragmental material encounter at once, immediately below the 
glacial drift, the same blue hematite, sixty feet nea.rer the 
surface. * 

This phenomenon ca.n only be satisfactorilya.ccou:lted for 
by the supposition that it represents a breccia. along a. fault
plane. It has been supposed to represent a stream-eroded pre
glacial gorge, but, although the rounded shapes of some of the 
fragments suggest wa.ter-worn pebbles, yet the sharply angu
lar forms of the larger part forbid this conclusion. The free
dom of the material from foreign fragments is also another 
significaut feature; and it is difficult to imagine a. stream erod 
iug a narrow gorge, with perpendicular walls, to the depth of 
at least sixty feet, and then refilling this gorge quite to the 
surface with a. conglomerate of which the pebbles were com· 
posed only of hard hematite, and the cellent mainly of soft ore. 
In the process of mining, this structure will probably be fully 
exposed, and an examination of it will be of great interest. 

Ore·deposits Near Virginia. 

This western line of the Virginia area is marked by a great 
number of extensive deposits of iron ore, which , taken to· 
gether, make up what is undoubtedly the richest region of like 
extent on the Mesabi. The most va.luable of all are perbaps 
those in the immediate vicinity of Virginia, which we have 
been discussing. Here are clustered together mines like the 
Frauklin, tbe Norman, tbe Commodore, the Lone Jack, tbe Mis· 
sabeMountain, the Minnewas, and others. Butall along the line, 
as we go south, we find equally valuable mines, such as the 
Iron King, the Great Nortbern, and the Great Western, till in 
section 31 we find the enormous ore body of the Adams mine 
and the adjacent properties. This continuous line of are depos· 
its certainly indicates somewhat unusual conditions, sucb as 
would follow the development of an extensive mechanical frac . 
ture along this line. The method of formation of the ore
bodies of the Mesabi, as will be seen later, is largely depeod
ent upon such accidents for their large development, for it is 
by these means that the oxidizing agents which !lore necessary 
for the deposition of the iron a.re permitted to penetrate tbe 

-Twentieth Annual Report. Minnesota· Geological and Natural H istory Sur~ey . P. 
13:l. The Mesabi Tron Range, by I10race V. Winchell. 
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rocks extensively and thoroughly. The same remarks apply 
to the deposit of manganese ore, chiefly pyro}usiLe, which is 
found on the Moose property, on the southeast of the south· 
east quarter of section 8. Here in prospecting, one hundred 
tous of ore have been taken out, and the deposit promises to be 
of value. The occurrence of manganese mixed with the 
hematite is common in the are of this vicinity, on ot;her mining 
properties. The occurrence of comparatively pure manganese 
ore lying by the side of compara.tivelypure iron are, moreover, 
is a phenomenon the explanation of which suggests a mechani · 
cal fissure. According to R. A. F. Penrose, snch separation 
ordina.rily indicates somewhat freely moving waters bearing 
the two minerals in solution, and free aecess of oxidizing 
agencies to secure their separate precipitation. The following 
quotation is from his work on manganese:* 

If the water~ from which the precipitation took place were moving, 
the iron and manganese, according to the dlfference in oxidabllity as sta· 
t ed aoove, would be laid down in different places, resulting In the forma· 
tion of deposits ot pure iron ore and dep0slts ot pure manganese ore, OC' 
cupying different positions along the plane of the same geologic horizon. 
Such occurrences are seen in the iron region of the Appalachians, where 
there are often foun d, In different places along the same OTe belt, depo8its 
of iron and deposits of manganese in positions similar with relation to 
the enclosing Tacks. 

These conditions of mnving water might also cause the interstratitled 
condition or the two ores already described in still water dClposits: this 
would result if iron were:depositCld in a certain place at one time, and if 
later, on account of some increased facility roroxidation, iron were de· 
posited before it reached I,hat place, and the manganese, being less easily 
precipitated, were carried on and laid down upon the first deposit of 
iron. 

These conditions would be in no way satisfied by waters 
slowly percolating through a porous rock, but would be amply 
fulfilled by waters making their way along the broken rocks of 
a great fault· plane. 

The &zste1"tt Limit of the Virginia Area. 

The eastern line of the Virginia area is also marked by ore
deposits, but they are not so many nor so large as those of the 
western border. Still, in sec. 34, T. 58·17, and on the Towanda 
and the McKinley properties, in T. 58·16, we find deposits of 
value. 

The Animikie rocks do not recover their uniformity, even 
when tbey are to the east of the supposed course of the fault· 

"Ann. Report. ArkanM.s Qeologlcal Survey, 18'00. Vol. 1. p. 571. 
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line up the valley of the Pike. ThE-ir course in T. 58.16, from 
its western limits to Embarras lake, is marked by a gentle but 
distinct crumpling. The effect of this is to make the boundary 
of the iron-belt very irregular, especially on the south, as will 
be seen on the map. In place of the regular, broad str ip of the 
western part of the range, there are sweep ing curves, giving 
the belt at one place the width of over a roile, and in others 
near by a width of one-third of a mile or less. Attendant upon 
this is the wrinkling of the strata, resulting in slight elevations 
and corresponding depressions. An example of this is seen in 
sec. 4, T . 58-16, where flo slight anticlinal dome is surrounded 
by a. synclinal trough . The erosion of this structure bas 
brought to the surface, in the centre, an area of the basal 
quartzyte, over half a mile in diameter, from which the upper 
rocks fall away on all sides. The surrounding synclinal trough 
is represented by a ring of the upper slates, which leaves the 
main body, and stretches up to surround the island of quartzite. 
Several smaller patches of quartzite, surrounded by the iron
bearing member, are scattered throughout the length of the 
iron belt on the eastern line of the Vir ginia area, and here, 
also, indicat.e a greater disturbance of the strata than is ordi
nary. But in sec. 4, it is much more strongly pronounced than 
anywhere else; and it mU!'lt be noted that through the extreme 
western border of the crumpled area passes the more eastern 
of our two fault-lines . 

The disturbed district, lying bet.ween the Virginia. area and 
the Embarras lake is, as we might expect. marked by a signal 
development of extensive ore· deposits . T he group of mi nes 
near Biwabik and Merritt are perhaps secolld only to the Vir
ginia group in importance. The explanation is the same as for 
the Virginia. area. The disturbance of the strata was followed 
by freer access of percolating waters, and of oxidizing agencies 
with them. and thus ore·deposits were formed in favorable 
places. 

Dip of the Animikie Strata in the Virginia Area. 

On the Western Mesabi, west of the Virginia an~a, the dip is 
apt to be slight. but is almos t uniformly somewhat east of south 
in direction. In sec. 20, T. 58~19, the ore is nearly fiat; in sec. 
10, 58- 19, it dips about 25° S. E. This dip is probably only 
local. At Mountain Iron the ore dips almost imperceptibly 
to the southeast; in sec. 6. 58-17, it is to the southeast; in a pit 
on section 5, same towD.ship, it is 30° s. E. This brings us to 
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the western limit of the Virginia. ar ea.. Once across this line 
there is a marked divergence. At Virginia, a.s seen in the rock· 
cut at the Ohio mine, the dip is seen for the first time t.o be to 
the west. On the cliffs of iron· bearing rock between sees. 
20 and 29, T. 58- 17, the rocks seem to lie horizontally. At the 
Adams mine the dip is slightly south, a s it is in sec. 5, T. 57- 17. 
On the eastern side of the Virginia area it again becomes south· 
east. At a shaft of the Towa.nda near McKinley, the dip is 
nearly 45° s. At Iron Cliff. sec. 36. 59-17. the rock appears to 
be usually horizontal, although locally it dips 30G s. E. In the 
area between the Virginia area and the Embarras lakes it is 
still south and southeast. although the dips are rather steeper 
than to the west of the Virginia area, owing to the crumpling. 
On the Chicago prope rty, in sec. 4, T. 58- 16, the dip is about 
30" s.; at the Biwabik mine the are dips 30° s. ; at the Hale it is 
in places as much as 45° s. 

The dips as given are taken from the iron· bearing member, 
and refer to the banded and bedded structure, when present; 
or from the horizontal parting or slaty cleavage which is 
developed parallel to this banding and bedding. No one of 
these features. however , was possessed by the rock in its 
original condition, as will be shown later, and so the differences 
of position cannot be taken to mean actual differences in the 
positions of the rocks, without some hesi tation. It will be 
shown that tho banding and other structures which roughly 
simulate stratification ha\'e been developed in planes which 
correspond roughly, as a rule, to the position of the overlying 
and underlying strata. thus giving the impression of conform· 
able stratification; but it will be shown that tensions have been 
developed in the iron·bearing member, resulting in folding, and 
cha.nges in the direction and angle of dip, which did not ex· 
tend to the adjacent strata. So, unless we assume that this 
banding and cleavage from which we have taken our dips was 
developed at about the same time. and represents nearly the 
actual relation of the rocks at the present time, they are of 
little value. If we do assume this, then the slight westward 
dip on the western border of the Virginia area, as contrasted 
with the uniform south and southeast dip of the rocks on the 
rest of the range, indicates a disturbance, not great enough for 
a fold , but such as we might expect along a fault· line. 

Concerning the nature of the fault· line on the eastern limit of 
the Virginia area. we do not know. but two circumstances iu· 
dicate thaot it may have been a reverse fault, and so was nearly 
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pat-aIlel to the plane, as well as the trend . of the western fault. 
The first is the constantly narrower width of the iron-bearing 
belt on the eastern side of the area as compared with the 
western side. This difference may be estima.ted as on the 
average between 500 and 1,000 paces. Had the eastern fault 
been normal, like the western, there should be a strip of nearly 
equal width on both sioes, while if the eastern were a reverse 
fault there would result from the overlapping the diminution 
of the width of the belt that actually exists. The secom! cir· 
cumstance is the crumpling that is shown east of the eastern 
fault line, especially in its immediate vicillity, as contrasted 
with the total freedom of disturbance west, and in the vicini.ty 
of the western line. This shows that in both cases the thrust 
was in the same direction, rowards the east. Had both faults 
been normal, there need not have resulted any great distur
bance outside of the faulted area, all either side. and what 
folding took place would be in the faulted area itself; but with 
a reverse lault on the eastern border, the eastern thrust of the 
whole body of the faulted area would produce the disturbance 
ill the adjacent rocks that we find. 

SUMMARY. 

The Virginia area. has been faulted up from the main body 
of rocks, and thrust in a southeasterly direction. The two 
fault-planes that limit this area are roughly parallel, both in 
trend and hade, for a considerable distance. In the south, how
ever, they converge so as to meet, and in the north they diverge 
and are lost. The upthrow has been probably not less than 
500 feet, and the offset to the southeast betweeb 500 and 1,000 
feet. The movement caused the slight crumpling of the strata. 
immediately to the east of the area. Along these fault-planes, 
but especiaHY along the line of the normal fault, extensive iron
are deposits have been developed. (See Plate II.) 

DATE O~~ THE FAULT. 

T hefaulting of th e Virginia area and the crumpling of the 
strata east of it having bpen shown to be probably of the same 
age and caused by the same force. We may supp ose, pending 
evidence to the contrary, that the slight tilting of the less dis
turbed Animikie strata was accomplished at the same period. 
The Keweenawan has already been suggested as the age of 
this movement, and the heaping up of the Keweenawan traps 
and lavas as the cause. The fragments of hard hematite in the 
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breccia at Virginia show that at the time the fanlting took 
place, there was already considerable iron in the rocks, and on 
the hypothesis (which will be shown to be correct) that none 
of the iron existed in the original rocks in the condition of 
massive hematite, the concentration of this indicates the lapse 
of a. considerable period of t ime. But the formation of the 
great deposits of soft ore, considered as dependent on and 
subsequent to the faulting, shows wha.t au imm~se time has 
elapsed sinc~ that accident. This is indefinite, but it does not 
militate against the supposition that the Keweenawan was the 
period of disturbance. 

• 
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CHAPTER III. 

MACROSCOPIC STUDY OF THE ROCKS OF THE 
IRON-BEARING MEMBER. 

Although the iron-bearing member is a. unit in all respects, 
yet no description can be framed that will apply to all of the 
phases of its rocks. In appearance, in habit, in struc.ture, and 
in chemical composition, they vary within the widest limits. 
So unlike are the different phases that they ha.ve generally 
been taken to ropresent different horizons. These conclusions 
have been based on the observations of a. large body made up 
with some uniformity of a single phase; in which case t.he con
nection with another large body of a. totally different phase 
does not at first seem appa.rent. In places these bodies attain 
considerable size, if conditions are favora.ble, and the diameter 
of the largest may be perhaps a.bout a mile. Such bodies, rep
resenting only closely allied phases, are scattered all over the 
iron.bearing belt. 

These large accumulations, however, form only a small part 
of the entire bulk of the rocks Through the greater part the 
different phases are found more closely associated. A test-pit 
may within a few feet pass through representatives of all the 
important varieties of the rock, and a single hand-specimen 
may comprise half a dozen distinct and widely differing phases. 
It is when the rocks are thus closely associated that the true 
relationship of one type to another may be successfully studied, 
and by comparison of these types of which the relation has 
been worked out with the larger, isolated, less varied bodies, 
these latter may with certainty be identified, and put in their 
true positions as regards one another. 

The study of the hand·specimens brings out the fact that the 
specimens are not so hopelessly multi'tudinous as first seems; 
that specimens may exist in many different localities which are 
in every respect identical; and that an enumeration a.nd a classi· 
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fication of the different phases is very possible. It also brings 
out the important fact that while the phases which are mostly 
strongly contrasted wi th one another frequently occur in close 
proximity, yet oftener the changes are not so abrupt, and oue 
phase may be seen passing inoo another by an easy transition . 

With a. view 00 a.ssigning each of the different phases to a 
definite type, more than two hundred specimens, collected in 
the field with this special object in view, were examined, and 
t·he phases described by their outward appearance, with no 
microscopic or chemical aid. The result was as anticipated by 
observations in the field. Many of the types thus observed 
and described differ but slightly from one another, yet are de· 
scribed separately in order that the list may be full, and that 
there may be no danger of error from an erroneous identifica_ 
tion of types, which, while they resemble each other, may yet 
have a different origin. For e,xample, the different forms of 
iron are are described as six types, - magnetite, hard crystal· 
line hematite, friable granular crystalline hematite, earthy 
hematite, hard limonite, and earthy limonite or guthite. This 
elaboration is hardly greater than t;hat used in describing the 
other types, and every variety found within the iron formation 
is thus described. Yet it was found that these types, as thus 
described, easily fell under about thirty heads . The list as 
worked out is given below, without any attempt 00 arrange the 
types in any order, for that order was worked out by subse· 
quent comparisons, which will be described later. So any £lop. 
plication of this would be premature, and would obscure the 
process of investigation as actually conducted. 

PHASES OF THE IRON· BEARiNG ROCK. 

1. Color dark gray, finely mottled with light gray. Luster 
mottled, vitreous and metallic. Texture granular. Fracture 
irregular. H ea.vy. 

2. Color light gray, mottled with dark. Luster mottled. 
vitreous, meta.llic, and earthy. Texture granula.r, sometimes 
porous. Fracture irregula.r. An indistinct rough parallel part· 
ing. Specific gravity medium. 

3. Color dark gray. Streak gra.y. Hard . Texture fine and 
compact. Luster metallic. Heavy. Magnetite. 

4. Color light gray or pink. Luster vitreous to earthy. 
Texture porous and friable. 

6. Dark brown. Friable, often hardly cohering. Grains 
crystalline, non-magnetic. Luster metallic. Granular hematite. 
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i. Color brown. Luster metallic. Hard; non -magnetic; 
text.ure close and compact. Hard hllmatile. 

a. Color yellow. Friable; ea.rthy. Limonite or guthite. 
10. Brown, yellow, red or gray. L uster vitreous, (some· 

times earthy). Hard; texture fine and compact. Frsctiure 
conchoidal. 

12. Gray or white powder. Very fine·grained and friable. 
13. Color blue, brown or red. Luster earthy to metallic. 

Texture powdery. F eel greasy or granular. Grains hardly or 
not at all cohesive. Earthy hematite. 

14. Dark gray or green. Fracture conchoi.dal; luster vi
treous; very ba.rd. ahert. 

15. Fine gray or green siliceous ground. mottled with soft 
spots, white and red. 

16. Like 15 in structure, but with ground colored dark red, 
brown or yelJow, and mottled with red or dark gray. 

17. Color green or g r ay, well-developed slaty clea.vage. 
Lustre earthy to silky. Medium hard; irregular fracture. 

1 ~. Like 17, but hea.vier, da.rker. and with metallic loster. 
19. Color green . gray, brown, or red. Fracture irregular. 

Luster earthy to sub· vitreous. In texture fine-gra.ined and com· 
pact; moderately soft. and cohesive. 

20. Color red or brown. Cleavage well-developed. Luster 
metallic. Heavy. Is like 18, but contains mOfe iron. Bema.tiu 
slate. 

21. Color white, red, gray, Or black. Resembles somewbat 
10, but as vitreous, frosty luster. and is harder. "Jasper." 

22. Color green. gra.y. white, or red. LUSter eartby. Soft; 
mottled with white or red spots. Resembles a clastic rock. 

23. Is like 16, structurally, but has a light green ground, 
mottled with black. 

24. Is like 23 or 16, but has soft white ground, mottled with 
red. 

25. Any color-black. white, green, gray, red, yellow, etc. 
Passes directly into 12, Soft; luster earthy; brittle. Cleavage 
very well developed. "Slates." 

26. Any color. Luster vitreous. Fracture gra.nular. Hard; 
appea.rs homogeneuus to the naked eye. 

27. Derived from 16 by leaching. Red, Regula.r hollow 
pores have been formed by the dissolution of tbe red spots of 
16. Resembles 2. 

28. Hard limonite. Compact. 
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29. Color green or gray, faintly mottled with lighter spots. 
Fracture irregular; luster vitreous; texture granular. 

30. Color red·brown. Luster vit.reous to pearly; struct.ure 
crystalline. 

31. Color greeD. Luster pearly. Fracture irregular. Is 
mottled like 22. 

32. Color green; fracture irregular; luster earthy to vitreous; 
texture granular. Bears a general resemblance to 29. 

It will be seen that these classes are so connected that tbey 
easily faU into a few larger divisions, which suggest t.bem
selves; thus Nos. 1, 2, 15, 16, 22, 23, 24, 27, 29 and 31 are all 
spott-ed cherty rocks, much resembling one another; 17, 18, 20 
and 25 are all fine· grained slaty rocks; 10, 14 and 21 are fine
grained unspotted rocks, consisting almost entirely of silica; 
4,12 are light. porous and p ulver ulent; 32 is a green unspotted 
rock, not eminently siliceous; and 3, 6, 7, 8, 13 and 28 are all 
ores of iron. Thus all are disposed of except 19 and 30, and 
the characters of these two make their relationship sufficiently 
clear, - the first to the group of fine· grained slaty rocks, and 
the latter to the group which is represented by 32. 

As before said, these differen t phases grade into one another, 
ordinarily showing no dividing line; and their relation is such 
as generally to place it beyond a doubt that one is derived from 
the other. In nearly everyone of the specimens examined t.his 
process of change was clearly shown. The relationship of two 
phases in the same specimen is sometimes 6hown by their 
physical resemblance, and nearly always by the irregular, ra.g
ged nature of the boundary between them, a.nd by the gradual 
change from one to another. In most ca.ses the change is simply 
one of weathering. the weathered rock constituting one phase, 
and the fresher rock another. Then the weathered portion is 
found distributed along the joint-planes 01' other places where 
oxidizi.ng agents have freest a.ccess; a.nd the fresher rock re
mains within this as a ragged residuary fragment, its bounda
ries corroded and invaded by the weathered portion. Some
times the weathered rock closely resembles, save for a little 
bleaching, the rock from which it is derived , as is the case in 
the transitions from one to a.notber of many of the spot.ted 
cherty rocks; but in other cases the two phases a.re so entirely 
different that their relationship would with difficulty be estab
lished, were it not for their association. An example of this is 
the decomposition of a fine-grained dark, gray chert to a light, 
banded pulverulent rock, often quite white in color. This 
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change may be frequently observed. I n this case not only tbe 
total change in color and texture, but also the banded appear
ance of the decomposition ,product, as contrasted with the mas
sive structure of the prima.I'Y rock, operates to destroy the reo 
semblance between the two. 

The different phases are often interbanded, sometimes quioo 
regularly. Ordinarily, however, these bands are seen on close 
inspection to be by no means comparable with the alternating 
sedimentary layers which they bave been sometimes supposed 
to be. In the first place, they a.re generally marked only by 
the presence of a greater or less amount of iron oxide, and in 
all other respects may be identical with the rest of the rock. 
That this iron is an impregnation may usually be plainly seen, 
as marked by the irregular course of the band and often by the 
existence of the channel by which the iron penetrated the rock, 
this channel being of Len at a considerable angle with the band
ing. Again, the band, after running for some little distance in 
a straight line, generally bends, describes a curve or even an 
angle. and runs in a different direction; or again, it forks. and 
the branches separate widely, or again converge and meet; or 
the band may stop suddenly and entirely. It is rare that in 
any specimen from the rocks of the iron· bearing member the 
evidence against a.ny sedimentary nature of the banding is not 
clear; and in these rare cases the true secondary na.ture may 
always be discovered by study of other specimens from the 
same place. 

The rela~ive age of the differen~ phases, where they occur 
together. is usuaUy evident. The original rock exists not only 
in a compact body. but also as residual fragments, large and 
small, surrounded by the secondary rock. The discovery of 
the residual fragments establishes at once the relation of the 
two rocks. These are angular as a rule, sometimes rounded, 
and their boundaries are irregular and lIot firmly m.nked. 
When the process is one of weathering, and the resulting rocks 
still resemble one another, that phase which follows the joint, 
cleavage or fracture planes may be taken as the secondary 
phase. and its appearance is usually an additional guarantee 
that this is the right conclusion. (See Figs. 3 to 9 inclusive.) 
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. ,,",', , . ... ,', 

FIOU".2-
SkeWI 0/ SJ)tclmm.... (a/IOtIUI/ C">arotd.) 

A. Re.ldual fragmeot.- of ve ry IlSb~ gray roc k, of stanula. textUrfl. UpOn tbe 
light sray bukgl'Ound thel1!l au lIumeroul thickly clust.er lns rounded bodle. wblcb 
arfl stili nllhter 10 color , 

II . Hanle. rook , wltb a tendency to a conchoidal fMICturt'! and a liner texturt'! tban 
.... In colO. a nur ly unIform rlcb brown, B II d er Ived directly from ... . chlell], by 
ltalnlng wltb Iron oxide. 

e. Very d ark brown. hlgbly ferruginous rock, locally paplns into pure hamnll&, 
Is d erived bOIll II directly, by a COntilluatioll of tbe prooe!ll of Im prellnatloo bylton 
o xide. 

Thls.peelmen abow. the dett r uctlon of the ""gul~r balld lOIl'. by the ad,..s.lIOlng pro
cess-el of changs; and the forroaUnn, by d lvllinn ot the bands, of isolated rnldual 
paklhu, In t b e figure tbe torme. e xistence ot two unbrokell bands ot the las.n 
altered rock (4) can be observed. These bs.ods originally connected the IIC pars.t.ed 
trs. gment.8, bu~ have been a ltered to their presellt I tate by the IlIv&6lon l of tbe alte.· 
Inll alents. I n the next atage 4 ... !II enti rely disappear. F lm!.lly , ",lth greate r change, 
II will s.\&O dlu.ppes.r, ps.nhll IlI to 0, ",hlch III turn ms.y s.lter Into 90mesllghtly dlft'a r
Inr phage. 
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~"GCRE 3. 

Diagrammal!(.S/;dth 0/ II ""rt 01 Svec1m.c" JI, (_Ill/hUll (1I11I'lI'd) • 
.... Dark gray ch('rtr rO('k. 
II, Browu, hard, gmll.,I". rock. 
c. al'OWII \.0 nellrly .. hlte. trIable, grallulllr rock. sometlmes slightly banded. 
Tblll"peeimeo ~ho .. ~ the nll!;ei In the deo;:ompOSltlon uf a siliceous rock .... ti,,, 

orl~llIal rock of the three. I~ an III)pure chert. Durllll; the pl'OCes.J or weatherlng thl. 
becomes brown. by o;ddlltlon Of It~ Iron. Tile dl~lnt"gratlon Is abo ahown by a chunge 
In tbe te~tun!. which bt'Comes gtl"",lar. ""d by" loss at the smooth (;0Ilchold,,1 f.,~c
ture. Thl! sl"~e. n!prf!lt'nted by B. Is transitional betWt!CD ... "lid the OOm l)\colely 
altered rock, .. bleb I, I'<'pl'Cliellt .. d by c. C 101 almOlit entlrt'ly dlsi"tegral(~d; 19 leacbed 
of .. ~ost (>t IU 110'" aud Is rapIdly approachIng the. C<)ndltloll of a residual 'lIIea 
powder lieI'(!, .. :o"ln. It I,. evident th"t tbe two fr .. gmcnu ut the orh:;ln .. l cherly rock 
we .. , ullce connected, 110 n~ to form n ~llIgle b:Uld: aod the "rea occopled by 1I1~ llmt 
which the orl.dnal m"t(:riQ) last O('cupled, 
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FWD"'!: ~ , 
Dfall"",nmatir Skclch 0' a port ,,' SptCIlIIU':!'<, (.lIght/1i !nlo.ruul), 

A, Re,ldual tra!:"'''UI ot, red, sU1ceous N'Ck: musl"e, wilh Ihe cba.r:U:l(~rlst!c 
spOt ,,,d appl:Rr:u",." ~tR"U"" te"tul'e lind Co"cholda] fraclure. 

1I. ~''''1>j]e ~lIuy rod •. handed. Hl1lltlind d~rk gray. The darker bands "rEI blghly 
ltll."IIe.hlc. tbe \l~hter 0111" 51Uet.'Olis alld cblorltle. 

'1'1,1' deromper-ido" of II. hard. ~Uleeo"s a"d f"rrllllhHllla rock, to form a banded ~]aty 
rock, I .. well ~bo ... n In Ihl_ bpe.clmell T he pr()('e<;~ "~t'rns 10 he ILa~ of simple ... "a.ther-
1"11" ulollll jolnt·p la. " ~'; 1I0d tl>l' co"u llctlon ot ... acl> Rllcct,..lvely Weill he",d x<)ne, dua 
t" Ihe I",,~ of 11$ ",.>n ' 801" bl .. con,tltlle'Hs, "lUI Ilr<>duccd tbc sl&tc·llke c1cal"lIgc. 
'J h e ."mll,·a! or Iron frou' cerlal" at these deevmjI<J~ItI()II Wiles, and I", conceutratloo 
i"ulhcrs, btl~ p."duced the handed "ppe!l. ra"~", of till' ""ultfll!> roek, M,>;t Of lha 
, .,ek III the p!t trorn "hleb thl8 ~1>t'CllJ)ell .. a~ 'Hkt'n "a.9 lilIISeh:LlI!\"ed, IIlld tho re!i<!1J)' 

1,Iallee to a !>Ome"halalteN!d slate Ls "".y dec"lllln". 

30 
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}'Hlt!KIt ~. 

l.I6narom",,,'I<- S4ddt u/ Sptcl"'tll ~J~, UI.-hoal.IU/. 
", r.lJ:;bt IICNlY. grail" IH r rock. 
II. !lark brown. grallul.r rocK. 
Tbl. _peclrneu bhoW'S lbl' allnallon <It tbe othrl" .. 1 ~k A to tbe dark brown phaoe .. 

chldy by imp"',{".I\O" .. hll Iron ""ld(O, wltb thn &11('lIda"t I'f'movlll at ,1:1(.' •. Ti,,, 
~h.pe ot Ihl' .peel""," I. tbe ~ame u wben touud, /lnd It. outll,,~. t'Orretipoud to j"'"'' 
ph.na whl('11 llOund.'d It 111 Ih orl"I".1 pa;.lIlulI Aloo~ th('se plll.u.,'11 Ihe "genU! ot 
.lIff.Un" eliloln1d .• IId pell~lraled th\) n.('k. PI'Vll ......... 1nll' .10'11'1,. In ... rd. Thill a .Ide 
and well-marked bo,ron bas be"" rormt'd. 10 olher .pedmcnJI phueR CQrr'''''pVndlllll 
e ••• 'tly 10 ... ud B are found III IIOmewlJlll regliin. horlWIIlllt b"nd~. altemurlllt 011.' 
wI t h ll"otbH; '''ld In th...e('I!.&<·' the IIwlhud 01 r".maU"n ot tbe dUke. baud. from 
the II -bter ,uli_\ be tb .. ~a",e IU 'or tbe Ct.>rre_pOUdIDI a rea, In tbe 6>ture, 
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~'[Oo ,, ~ 6, 
D1(1l1rnmma!(c S"(/~h (1/ SJII'cill'w In (actual MUi, 

This skeleills nl"de of a. $urfaee pRrlllld 10 the harlzontal]lltnlng or JolnUng or lhe 
rock, A >'{~ty irregular arru.ngclIlenl of the <.larket 8el>IIlS Is .hOWI1, "u<.l One wl1loil 
~hows welllhe conditions which give rlae 10 thl, MruClurtl, The llIChter portion" or 
the cut lire or" llj:;ht );'ray, grllllulll.r. JIOtOU5 and frlablo rook. conslstlnll IlIDlO!lten~ 
Iitely of ~Illca, The dl>rk r .. Uculaled ~e ... ms "te t1ccply slalnetl. dark br"wn, wltl! 
Iron o"ld~; ""d OftCll thl.s ptOCessls c ... r!e(] so f .. r Ihat pure he.rmtlle rcsult~. especi .. Uy 
In a nurrow strIp In thc ,'ery centre of these d .. rkcr pOrllou~, It Is clear thllt tbo 
structure ilas been brought .. bout by the Inlllt."t1on of Ir..,,, oxide In IIOlutlon InlQ 
crevices; .",d from the dls:rlbuUon of 1he,;<> c ... ,,'lce~ Ille contr;u;llol1 ot tho rock 
seems to hav" been Ole force which produced theUl, 

~"01JK~ 7. 
Dkl{lrll"''''lIri& 511deh IIf Sp«I",'~ 131. (nduIIl t{,,). 

ThIs Is tron> theij"nle specImen as fI~ure 1, but Is ",,,de u~ right aUl;"l!!!! to the horJ
~ontal planes o f easlen <.l1,'I'lou, 1'he upper !!.nd low~r outlines of thlij Ilgure sllow the 
u "equal cOul"8e ot 1 he ILctual ijUrracocs ot se" ... raUon As In Ugura 7. tho Jighto r parts 
represent porous ao(] >IOmewbr.t dlsl[1legrlLted sUlceDus rock: while tho d!!.rker I)ut
tlons a ..... t;.llIe<l by IrOll oxide. or "re completely cha,,~ed luto h".Halite The cou rse 
at tbe ferruginoUS selLma ,. very Irregular. but the teo(]e llcy lQ a hotlwllt;. "rran>:e
.nent. su!!!<~sli ug tho banded structure which Is the most usn .. 1 occnrl'Onco. Is ,'cry 
e"'(]ent. The Iron oxide Is so dlstrlbutod as to luclndc pa.tcbo;!l or the orlgl()"lll~ht
colo red ",,,terlal; aDd wIth the co"Uuuo.tloll of lbe proce,s of te ..... I(", these will be 
reduced In size and "umber. tbus constltutlng scattered r""ld",d ftll;:mentS In tilo 
midst of t ho highly ferrnglnous rock: and 1I"1l.lly Will he marked only by 8POI8 poorer 
lulro" tiluo the rest. 
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Fro!:'"o: Q_ 

-','b~~
. -.:.., 

Skefrh /)J Spcct'''tll /oJ., ,"tllla.! .lu). 
The I>!l r",,," .. bleb Ibis speci"''''' ... "" 1><\'1''' C""lalll~ rock whirl! in 1!;l·"e.:&11, beau_ 

tifully baudI'd. ofte" w!lbou! IUlY ,,,,tlnllhle Irrep;u1< .. lty _ Thla Slle<:h",'" ,,(0., ~elec,," 
cd Il~ ,howh,~ Irrel'llJarltles I" th" b"ndhllf wblrh e~l>laJn 'ht' ""ODUer or lu form3.tlon. 
Th,' III/luer parts or I],,, cut .ep"""'l1t a I!~ht I('''Y. >:.anular. 1)<'1'(1"$ .. nd 'rlo.blt' rock, 
"It II "lory fine h'Uld;usof 111':111,,' "nd durker It."y. The darker I"'rt~ rt'IH,'st'nt))Or
U<>"s which h:ne III geller:.! tho ",,,,,,, c'h"'''CI"",. bur "to;! b(O.rd('t, u.ud dnrk brown III 
~)l<)r. 

Thnt th,· dnch-. pOrtions II .. ,"\, bet'n produ~ed from the IlI(Mer hy <lI'llO'Iltlon of 11'(111 
0,,1(1., from InIlJt."llnl' ",HttB I~ ~hl>w" by tile Irrel\'u,,,.ltles of lh(' tmntllnlC. The 
rl~hI 10,,,,(1 ~I(I" of tbe ClIt Nlp.hN.ha pOri Ion .. hlch ... s fldja~llt t"'lcrevlce. 
,,,,d In tlols .... rtlcal ZOne the ,,·hol.· rock hu bt:en ~tailled, MOoIl or Ihe h"rl~o"tal 
hand~ II'" rt~"l .. r and eontlnllOll~. bUI Often lh" cballDcl br whlcb the fl· •• u,:lnou.s 
hO)lllllon~ b.,·~· leal;ed dow" froll' tIne b:.ud 1<.> .. " .. tbe. are sbown. 
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For the purpose of discovering what order there was in the 
transition of certain phases into certain others, the specimens 
collected have been carefully studied in the hand specimen, 
and the changes noted in them tabulated, as given below. The 
numbers used refer to the different pha.ses as described and 
numbered a.bove: 

TRANSITIONS UBSERVED IN THE HAND SPECIMENS .. 
Spec. No. lransitwllS of Phases. 

10. 1. 
11. 1 to 2, 2to 3. 
12. 4 to 5 (4 is probably derived 

from 2.) 
1$. 6 to 8, 7 to 8. (Probably 7 Is 

derived from 5, bard by.) 
H. 32 to 3. 
17. 29. 
18. 9. 
19. 1 to 10, 10 to II, 1 to 12, Wand 

11 to 1::1. (Cavity forming.) 
10. 1 to 3, I to 10, 10 to 12. 
11. 14 with 10. 
12. 10 to 2; 2 to 3, 6 aDd 8; 3 to 6 

and 8. 
£4. 1 to 3, 3 to 7 and 13. 
:"16. 7 to 8 and 13. 
t'!. 15 to 16,16 to 14, 14 to 17, 17 to 

12. 
28. 15 to 11,15 to 18,17 to 18, 15 to 

12, 19 to 18. 
29. 19 to 18, 18 to 20. 
30. 18 to 6. 
31. 16 to 10, 10 to 19,19 t() 12, 19 to 

13. 
3!t. 16 to 10. 
93. 15 to 16. 
34. 15. 
35. 1 to 7 and 13. 
96. 1 to 7 aDd 13. 
n. ? 
3B. ? 
39. ? 
-40 . 21 to 7. 
41 . 16. 
-4t .lto7. 
49. 12. 
53. ? 
64. 16 to 22, 12, 10 to 12. 
65. 16 to 22, '12, 10 to 12. 
66. 22, 12, 10 to 12. 
6B. 16, 2, 14 to 10, 10 to 19. 

70. 12. 
71. 2 to 10, 10 to 19. 
73. 15 to I6,15aodI6toI2,16tolO. 
74. 16 to 12. 
7!i. 16 to 12 aDd 22. 
78. 16. 
79. 14, tl.ne\y banded white and 

gray. Breccia. 
80. 14 to 12, Sand 13; 14 to 17. 
8 1. 2 to 18. 
8~. 16. 
83. 23. 
85. 16 to 24, 24 to 22,22 to green 

and to red 25. 
89. 19-25. 
90. J9-25. 
91. 25 green, to 25 white and yel-

low. 
9!t. 19 to 25. 
93. 14 to 10, 10 to 19. 
97. 21. 
99. Black 14, witb pyrite; 20to6. 

100. 16 to 6. 
101. 25 (gray.) 
103. 25 (gra.y.) 
107. 1 to Band 13. 
l OB. 16 to 2, 16 to I, 16 to 6 aDd 3, 

16 to 12-
109. 21i (26 to 27?), 27, 27 to 10. 
110. 26 (26 to 27?), 21, 27 to 10. 
111. 16 to 27,16 to 10, 16 to25, 16to 

19. 
115. 14 to 19. 
116. 14 to 19. 
111. 14 to 19. 
119. 19· 14 to 19, ]9 to 25. 
lZO. ]4 to 19, 19 to 25, 25 to 12. 
1£1. 14toI9,19w25,25toI2,25to5. 
Uf. 14. 
1£3. 1 to 27, 27t.o 12, 12to25,25to7. 
1!!4. '3 w 28. 
lE5. 29 to 3, red 10 to 3. P yrite. 
1£6. 7 and 28, 28 to B. 
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1t7. 14 to 10, 10 to 19. 160 . 19 to 20. 
118. 29 to 15, 16 to 10, 29 to 27, 29 to 161. 16 to 2. 

7,10 to 12, 29 t.o 12. 161. 7 to 8. 
lt9. 1, derived trom 29. 184. 14 to 21. Pyrite. 
131. 32 to 30, 30 W 4. 166. 16 to 14. Pyrite. 
l SI. 3Zw 30.30w 4. 170. 25. 
133. 29w2,29w4,4 w 3; 3 w 7, 171. 15 w red 10. 

28 a od 8. l8D, 23 to 14-J9; 14-19 to 1. 
134, 26 to 4, 4 to 3; 3 to 7, 28 aod 8 . .a,. 7 to8and 13. 
135. 16 to 1; 1 w 3 aod 8. !!os. 2 t() 7. 
136. 16 to 27, 27 to 23,23 to 12, 23 1 10. 14 to 19. 

to 3. I l l. 2tolO, JO to 1. 
In. 31 to3;3wl and 8. 1 11 , 2 to 5. 
198. 25. 1 13, 10 to 1, 30, 
148 . 2 to 7, 114. 2 to 10. 
147, 2 to 10, 10 t.o 12 and 8. l I D. 2001 , 26 00 1, 
148. 19to3and1. 1 16. 2 to 5. 
1M. 2 to 10, 10 to 25. 1 17, 29 to 3. 
151, 2 to 10, 10 to 8, 10 to 1. t J9. 3Itol ,31 to3,3 t o 8. Pyrite. 
15t. 25. t I S. ]Ot.o7,7w8and I3. 
163. 25 . t !W. 26to 3 aod 7. 
154. 18. ft I. 19-25. 
165. 14. Itt. 14-19-25, 14 to 19, 19 to 25. 
156. 3It.o2,2to3and7. !!!!3. 25. 
157. 15 to 16, 16 to 18, 18 to 20. ltD. ]9 to 25. 
158. 19 to 20. Uf. 2-10. 
159. 15 to ]6, 16 to 19, 14 w 2. ft9. 12. 

130. 12. 

By collecting from this list the different changes which each 
rock bas undergone, we may make out the following table. 
This shows after each pha.se as enumerated and described 
above, the phases into which it has been seen to pass by a 
gradual transition, the circumstances in each case observed 
being in general such as to show that one was derived imme· 
diately from the other. 

TRANSITIONS FROM ONE PHASE" lNTO ANOTHER. 
From Phase 1 are derived Phases 2. 3 (twice listed), 1, 8 and 13. 

" I ., " 3 (3 ti Illes llsted), 6, 8, 10 (6 times), 18,7 , 

" , 
" , " 
" , " 
" 6 " 
" , " 
" 8 " 
" I' " 

" 11 

" 

" 
" 
" 
" ,. 

" 

" 

and 5 (7 aod 5 t wice listed). 
7 (4 tImes), 13, 28 (3 times), 8 (5 times), 

aod 6. 
5 aDd 3. 
Nothlull· 
8. 
8 and 13. 
N othlog. 
11,13, 12(4 ti mes), 19(a tImes), 8 (twice). 

25, 7 (3 times), and 3. 
13. 
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From Phase 1~ are derived Phases UrOD ores, by replaceweDt). 
" 
" 

" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

19 
1. 

15 
16 

17 
18 

I ' 
20 
21 

" " " 25 

" " " " so 

" 
" 

" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
.. 
" 

" .. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

N Ot.hlDg. 
11 (t.wlce) , tl) (3 ti mes), 19 (4 times), 2, 

21, 11 tt.wice), 12, 8, and 13. 
16 (3 times), 17,18, 12 (twice), and 10. 
14, 10 (3 times), 22 (twice), 12 (4 times), 

2~ , 6, 2, 1 (twice), 3, 21 (4 times), 25, 
19 (t.wlce), and IS. 

12 and 18. 
20. 
18 (twice), 12, 13, 25 (1 t imes) , aDd 'l. 
6. 
1. 
25. 
12,3, 14 , anrl 19. 
22. 
12(twlce', 5, a nd 7. 

4, .1 , 7, aDd 27. 
10 (twice), 12, and 23. 
8. 
3 (tw ice), 21, 7,12,30,2, and 4. 
4. 

" :11 " " JaDd 3. 
" 92 " " 3. 

By inspection of these transitions it becomes at once appar
ent tha t there is a definite order which' runs through them. 
This is shown by the recurrence, repeated many times, of the 
same change, showing that the change always takes place in a 
constant direction, is never reversed, and is apparently inevit
able under normal conditions. At the same timo each of the 
phases is seen to pass into so many others, and so many others 
are derived from it, tha.t it is evident the process is a varied 
one, and protracted in to a huge number of stages; and again it 
is found that each of the phases derived in one case from a single 
primary rock ma.y in other cases be derived from other primary 
rocks. Then if in any ODe of the transitions observed the deriva
tion of one of the primary rocks from another may be estab
lished, the relation, not only of these phases, but of the phases 
that are derived from them. becomes at once apparent. A con · 
ti nuation of this process gives the relationship of all the phases 
to one another. 

It is seen at a glance that. those types from which few or no 
derivatives are recorded , s tand near the end of the series, and, 
on the other hand, that types from which many others, repre
senting a.s a. whole a. la.rge part of the series, are repea.tedly 
seen to be derived. stand among the results of the first stages 
in the process of change. This rule must be applied with cau-



40 BULLETIN NO. X. 

tiou in the fir st instance; for it may bappen tbat few changes 
are recorded of a rock simply because it happens to be a rare 
type, and so the changes which actually take place in it have 
not been observed in the two hundred and th ir ty specimens 
studied . Still, the rule in general holds g nod; and the study 
of a larger number of specimens would en tirely remove this 
difficulty. So phases like 5, 6, 7. 8, 11, 12, 13, 20, 25, 28, etc., 
probably represent the closing stages in the change; and 
phases like 30, 31 and 32, although few derivatives ate shown 
for them, may yet be finally p ut in their rightful place near 
the beginning of the series by tbeir resembl,ance to others 
which bave already been put there. Ou the other hand , rocks 
like 10, 14, 16,17 and 29 at once suggest themselves as rep re· 
senting those which must be placed among the first, and in this 
case there is no possibility of error in the classification. 

By these methods the different phases are found to be reo 
lated substantially as represented in the accompanying diagram. 
This diagram agrees almost exactly with near ly everyone of 
the obser ved changes, an agreement rather remarkable, con· 
sider ing the possibilities for error in classifying by the physical 
peculiarities of the hand_specimen alone. (See Plate III.) 

The process of charlge worked out by the method above in· 
dicated may be briefly described as follows: 

A massive, granular, green rock, represen ted by the num 
ber 32, with often a peculiar mottled structure, as represented 
by 29 and 31, forms the first of the series. By a s low and grad· 
ual process of change, which is seen from the descr iptions and 
from the specimens to be substantially a process of weather· 
ing, this rock goes through the ser ies indicated by 27, 23, 24 
and 22. In this process it becomes soft, loses its firmness and 
passes through various stages of color in the process of bleach· 
ing. This p rofoundly wea.thered rock which stiH, however, reo 
taius the mottled structme, then passes by further disin tegra . 
t ion to a phase like 25. where the mott.led structu re is 
obliterated, and the consolidation of the resulting mass has 
p roduced a certain slaty nature. This rock may be very light 
in color, or it may be stained various hues by iron and other 
coloring agents . Further decomposition gives a scarcely coher· 
ent clay or powder, which is typically white, though, like 25, 
it may be s tained. This is the coudition of phase 12. This is 
the end of the decomposition process, but the powder may be
come strongly impregnated with iron , forming the various iron 
ores 7, 8, 28, 13, etc. 
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The same mottled green rock gives rise to the series repre
sented by 1, 2 and 4. Here the change is manifestly also one 
of decomposition, but it is much more rapid, and the leaching 
goes on faster than the comminution of material. The result· 
ing rock, 4, bears a general restlmblauce to 25, the rock result
ing from the slower and more protracted weathering, in that it 
is of low specific gra\rity . typically of light color, and is porous 
and friable. It differs chiefly in that the individual grains are 
much larger, so that the texture is granular instead of pulveru · 
lent. This coarser variety may undergo a further decomposi· 
tion to a. phase like 12, which is also the decomposition product 
of 25, at' it may be directly impregnated with iron to form the 
iron ores· P hases 1 and 2 preserve the mottled structure, and 
the whole series bears a strong resemblance to the series of 
27·22 inclusive, the differences appearing to consist in the dif· 
ferent degree of access of the forces which produce weather· 
ing. in the different localities . from which the specimens were 
takeu . Phases 1. 2 and 4 are all found in one locality, where 
the phases of the other series do not occur; and phases 27·22 
inclusive are profuse in a region which afforqs few representa· 
tives of the first series. 

As a second chief di.vision in the evolution of phases are the 
cherts, without mottled structure, and the slaty rocks . 'rhe 
cherts are usually slaty or banded, and pass by easy transitions 
into the more markedly slaty rocks. Sometimes the cherts 
contain scattered crystals of siderite, sometimes none. The 
more slaty rocks are usually characterized by a greenish color , 
fine texture and weathered appearance in some layers, and by 
the presence of a greater or less amount of iron oxide in others. 
1'hese banded cherts and slates may spring from the green 
and massive rock, at the sa.me point as the series before 
described; but they may also be derived from any point of 
the first series, in its less altered stages. Thus 14, which 
represents the pure cherts. is found to be derived from 16 in 
one case, and from 23 in another; 14 passes into the sla.ty rocks, 
represented by 17, 18, 19 and 20. Of these rocks those most 
deeply impregnated with iron pass directly into the iron ores, 
while the lighter, greenish varieties weather and are bleached 
till they pass into the type 25, and thence to 12. This last can· 
dition, represented by 25 and 12, will be seen to be identical 
with the last stages of decomposition of the series first de· 
scribed. As in the first case. of course, 12 may become im
pregnated with iron oxide and thus pass into the iron ores. 



42 BULLETIN NO. X. 

The hydrated oxides seem to represent the most stable form of 
iron under copious atmospheric agencies, and so these may 
properly be put at the end of our typical scheme. 

So far we have two main series, derived from a single in
itial type. The first series comprises the various stages of 
change under atmospher ic influences, leading to the entire 
decomposition and the reduction to a. clay-like rock. The sec 
ond comprises the analogous processes of change as exhib
ited in a. set of rocks which have lost the original massive and 
mottled structure, and have acquired a slaty or banded habit; 
these are derived either from the primitive type, or more often 
from some point in the first series. These processes lead finally 
to a clay-like rock which is identical with the rock resulting 
from the changes in the . first series. In this first series the 
only apparent agency is one of weathering; in the second the 
change from the massive mottled to the slaty rock is not fully 
explained by the hand-specimen. but the subsequent changes 
which lead to the 'phases 25 and 12 are seen to represent weath- . 
ering. as before. 

The chief addi.tion to these two divisions is the class of 
jasper· like rocks, represented in the scheme by 10 and 2L 
These are derived from certain very siliceous phases in each of 
the two main series: thus in the first series, they are seen to 
be derived from 2, and, in the second, from 14. Phase 21 is 
the end of this minor series. It is a crystalline "jasper," and 
is not known to pass into any other type. The process of de
velopment of this rock seems to be one of crystallization from 
the siliceous types whence it is immediately derived; and this 
process is sharply contrasted wi th the degenerative actions 
which operate in the formation of most of the members of the 
other series. 

From this examinatiou of the result! of our tabulation and 
plotting, we may construct a simpler scheme of development, 
comprising only the grand divisions among the rocks. (Plate IV.) . 

ARRANGEMENT OF THE DIFFERENT GROUPS IN THE nELD. 

It is evident;. from the fact that a single hand specimen often 
contains representapives of several widely differing phases, rep
resenting perhaps most of the larger groups, and that this 
occurs so frequently that a tabulation of the changes may be 
made from these specimens, that the different groups do not 

.occupyany fixed horizon in the iron-bea.ring member. It is 
found in the field that anyone of the groups may occur at any 
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pOint in the iron belt; and when this group gives place to an
other, the transition may take place vertically, so that one 
division overlies another, or laterally. In either case the 
boundary between the two is generally indistinct, and 
very irregular. Therefore it cannot be said that anyone 
phase or division of phases is referable to any distinct horizon. 
The cherty and slaty rocks, however. se~m to occur in large 
bodies chiefly in the upper horizons of the member; and the 
clayey and pulverulent slaty rocks are found at the surface, at 
any horizon, and lying above the less altered rocks which are 
akin to them. Indeed, it is ordinarily the case that, in a given 
vertical section where varied phases are encountered, those 
which are put near the end of the schem~, and so represent the 
effect of the greatest activity of decomposing atmospheric 
agencies, are found near the surface; and the fresher and firmer 
rocks, which are placed near the beginning of the diagram, at 
greater depths. These distinctions however, so far as we have 
seen, are incident to the alterations which have come about in 
the weathering and other changes in situ, and so probably have 
little stratigraphical importance. in that they do not neces
sarily represent divisions in the rock as originally formed. 



OHAPTER IV. 

m CROSCOPIC STUDY OF CERTAIN GROUPS OF THE 
ROCKS OF THE IRON-BEARING MEMBER. 

In order to study more accurately the relation of the differ
ent phases to ODe another, and the processes which tOok place 
in the multitudinous changes there shown, together with the 
motive for these processes, thin sections were cut from the 
specimens described, embracing a.ll the more important vari
eties. 'l'he study of these sections ha.s confirmed the conclu
sions that were arrived at by a study of the hand specimens 
alone; and a clearer view of the gradual changes and their 
causes was also obtained. T he evidence which proves the de
rivation of one type from another, and finally the ultimate de
rivation of all the types from a single uniform primary rock, 
will be treated independently of the evidence obtained from the 
hand specimens alone, as that evidence was deduced independ
ently of it. 

The method which has been a.dopted in tracing under 
the microscope the evolution of the rocks is somewhat 
different from that employed in the study of the hand speci
mens. In the macroscopic study the method wa.s to classify 
all the types, occurring in specimens the locality of which was 
not brought into question, but representing the length and 
breadth of the iron-bearing region of the Western Mesabi; 
to show that they were referable to about thirty closely 
allied phases; to show that in the specimens certain phases 
were associa.ted with certain others in a way that could be 
explained only by the derivation of one from another since the 
formation of the iron-beAring member; by classifying all these 
derivative pbases in the different specimens, to show for a 
certain phase what phases were invariably below it in the 
p rocess of change- i.e., wer e derived from it, either directly 
or indirectly- and what phases were invariably above it, i.e., 
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gave rise to it, eHher directly or indirectly; and thus to work 
out the general scheme of evolution . In microscopic study the 
multiplication of the number of stages that may be observed, 
and the certainty and ease with which one may be traced 
into another, permit a more accurate and satisfactory varia
tion of this method. Certain localities have first been selected 
from which many different phases have been collected, within 
a small area. Generally this area is represented by a single 
test· pit. These test· pits have a. diameter (lnly large enough 
to permit two men to work in the bottom; and they are usually 
sunk in the solid rock to a depth of less than ten feet. When 
different phases are found in the rock thus thrown out, they 
are confusedly intermingled, without definite order, one 
occurring as residuary cores or as decomposition borders to 
another. The phases that are thus found, occurring in this 
known proximity and relation to one another. are grouped for 
special comparative study. By this study it is invariably found 
that there is a definite scheme of development of one type from 
another, and this scheme and the causes which have led to the 
changes, are carefully noted. So varied are the phases, even 
withiu small areas like this, that in some of the groups the 
p rincipal stages of nearly the whole process of change which 
characterizes the iron-bearing member are present. Some
times the g r oups are taken from a. still smaller space, a Single 
specimen often furnishing opportunity to study a number of 
important changes. In some places again, where test- pits are 
set closely together, and the int imate connection of the rocks 
in them is obvious, speci.mens are selected from any of them to 
form the group for study. When these different chief groups 
have been studied, it is generally found that a certain type in 
one group is identical with a certain type in another, and thus 
two groups may be connected to extend the completeness 
of the general typical scheme of development. If in one group 
the type which stands near the head of the series as observed 
for this particular case is identified with a type which stands 
near the end of the series in another group. then the scope of 
the scheme is greatly extended; and if the groups turn out to 
be roughly pa.rallel, the interpolation among the phases of the 
one of the phases which are closely related but. not identical. 
belonging to the other, brings about an elaboration of the 
scheme. When the larger groups have been thus connected, 
the outlines of the main part of the general plan are found to 
be complete; and those phases which have been taken singly 
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from different loca.lities may be found by comparative study to 
be identical with some of the phase:> in the scheme as already 
established, or to bear such evident relation to certain of these 
that their proper place is quite evident. 

GROUP FROM SECTION 18, T. 58- 19. 

In accordance with this plan, the first group described is 
represented chiefly by sections 128, 129, 130 a.nd 131. These 
are from the specimens of the same number, and are all from a 
single pit in the southeast corner of section 18, T. 58- 19. 

SPECIMEN 128.-Hand specimen shows a light greenish sili
ceous rock, grading into gray sideritic chert, dark chert, and 
bands of iron oxide. Three sections are cut from this, 121:!-A, 
128'B and 128-c . • 

128·A.-In band specimen a sideritic chert, dark-gray, with 
cloudy white crystals of siderite scattered through it, or angu
lar ca.vities left by the dissolut.ion of these crystals. Fracture 
conchoida.l. 

Under the microscope, there is a ground·mass of very finely 
divided silica. This silica does not show the fibrous structure of 
true chalcedony, nor the clearly-marked extinction and polariza
tion colors of crystalline quartz. It consists of many very small 
grains closely packed together, which extinguish on revolution 
of the stage of the microscope; but without any marked polar
ization color other than a dull gray. The true nature of this 
variety of silica does not seem to be fully established, although 
it is the form which occurs frequently in many cherts and kin
dred rocks. Irving and Van Hise thus describe it in the cherts 
of the Penokee iron -bearing series:* 

"It is that variety of silica. or quartz which has in the polar
ized light a minute spotty appearance, due to exceedingly 
small individuals of quartz, mingled with more or less of silica, 
which is apparently amorphous. Hornstone, 01' flint, gives in 
thin section the sa.me a.ppearance. and the chert of the iron car
bonates and horns tone have a very close macroscopic resem
blance. That a portIon of the silica is really amorphous, as in
dicated by the appearance of the section under the microscope, 
is further shown by its ready solubility in caustic a.lka.lies," 

'Tenth Annu,.\ Report of tile United Sta. tes Oeologlca.l Survey. The Penokee I ron
Bea.rlng Seth.s nf MlchiglLn lLnd Wisconsin. p, 38f. 
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In his work on the Novaculites of Arkansas, Mr. L . S. Gris· 
wold describes the silica of a rock which bears a very close 
resemblance to the one under consideration, as follows;· 

"Under the microscope the ground · mass is seen to be com· 
posed of crypto·crystalline silica. extremely fine quartz grains, 
extinguishing in polarized light, but too small to give any 
polarization colors or other optical characters. 'rhe separate 
grains average less than .01 of a millimeter in diameter, there 
being from 6 to 10 grains in a lineal' distance of .05 moo. The 
extreme variation is about .01 to .001 mm. in diameter." 

Rosenbusch treats this form of silica very briefly. as follows:t 
"The so· called quartz of the siliceous slates and of related 

rocks requires more exact investigation, and probably does not 
belong to quartz. but to chalcedony." 

This particular variety of silica is the most common in all 
the rocks of the iron- bearing member. as well as in the partic· 
ular section under consideration. In a future brief considera· 
tion of its associations and cbaracteristics as shown in its 00· 

currences in these rocks, it will be found to resemble ratberthe 
less highly organized forms of silica, such as chalcedony and 
amorphous silica, tban the truly crystalline quartz. In the de· 
scriptions of slides it may be conveniently referred to as crypto· 
crystalline silica, to distinguish it from the amorphous silica·. 
the typical cbalcedonic silica, having a fibrous arrangement, 
and the true quartz. All these forms occur in various propOl·· 
tions in different parts of the rocks described. 

To return to onr description of section 128·A, we find in tbe 
ground· mass of cryptocrystalline silica crystals of siderite, 
averaging about one·OOnthofan inch in diameter. These crys· 
tals may have perfectly regular outline, either of single indi· 
viduals or twins. or tbey may lack any portion of tbl!,; outline. 
In the latter case the lines of growth . terminate in such a man
ner as to show that the crystal was disrupted after its forma· 
tion, and the space filled by the silica. These lines of growth 
are regularly placed, one within tbe other, and are rhombic, 
conforming to tbe outlines of the perfect crystals. They may 
be traced in some cases quite to, the center of the crystal. The 
outer parts are freshest, and the siderite becomes clouded from 
decomposition, progressively towards the center, which is semi· 
opaque. These features show that the siderite is wholly of 

"Anuual RepOrt of the Arkansas Oeolo~ lca.1 Survey for 1800. Vol. I tf. Whetstones 
and tbe Xovac ullt.es of Arkansas. IJ. 12:.1. 

t Mlcroscoplcal Pbyslogra pby of tba Rock-~aklng MineralS. by fl. R~enbuscb . 
Translated by Joseph P. Iddings. Second Edition. P. I72. 
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concretionary crystaDine growth. and the arrangement of the 
silica in its present form has gone on at the same time. This 
seems to be a continuation of the process described in its begin
ning under section 78. (See Plate VII, Fig . .l). The rock ha.s been 
strained since the crystallization of the siderite. with the result 
that the crystals bave been broken into small grains, which 
under crossed nico18 extingu ish at slightl y different angles, ac
cording to the degree of straining. While this strai.n has thus 
wrenched the crysta], it cannot account for the many incomplete 
crystals, in which the portion broken off is wanting, and cannot 
be found anywhere in the rock. Often. aiter the crystal has had 
part of itself thus torn away, it has continued growing, the new 
lines of growth following the outline of the broken form. instead 
of the perfect crystal outline. as before. This shows that the 
crystals were not of their present size at the time of the break· 
ing. but were only partly grown. and that since then the en
largement has proceeded. 

SECTION 128·c. This slide contains three distinct bands of 
the hand specimen: 1. the sideritic chert; 2. a. light green 
cherty band; and ~. a dark red iron·<;tained band which grades 
into nearly p ure iron oxide. 

In that part of 1 mos t remote from 2. the rock is exactly 
like 128·A. As it approaches 2, there is a distinct. increasing
tendency to a linear arrangement of the impurities of the chert, 
an increase in their amount, and adisappearance of the sid~rite 
crystals. What siderite remains becomes somewhat more de
composed. This transition rim is distinctly seen in the hand
specimen, and grades into 2. The change between this band 
and 2 is marked, though there is a somewhat gentle gra.dation. 
from one to the other. In 1, a siderite crystal has sometimes 
entirely disappeared, leaving a skele\.Qn of hematite or limo· 
nite which fills one half or less of the cavity, the remainder 
being filled with cryptocrystalline silica. But perfect crystals 
OC(;lIr on the very border of 1 and 2, lying partly in one and 
partly in the other. 

f! represents in the hand·specimen a. light· green, cher ty 
band, from t to t inch thick. Consists of finely crystalline 
silica in interlocking grains of much larger dimensions and 
different characters than the silica of 1. This mass is colored 
green by a uniformly distributed, hardly individualized dust. 
which appears to be a decomposition product. and in which a. 
carbonate may be recognized. in excessively sma.ll grains. 
There are no crystals of any kind. These greenish decomposi-
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tion products are seen by a low power to be somewhat aggre · 
gated into little spherules. There is a distinct linear structure, 
and a. certain differentiation into lighter and darker masses, 
a.round which the lines run. 

3, in the hand specimen is more or less impregnated with 
iron oxide. In the slide it is seen to consist of hematite and 
limonite, with many small interstices occupied by grains of 
silica. The iron is densest on the line which marks the COll

tact between 2 and 3. 
Conclusion: 3 represents a line of mechanical weakness, 

along which iron·bearing waters have entered, impregnating 
this band, and to some extent replacing the silica. 

SECTlON 12-8' B. Contains varieties 2 and 3, substantially as 
described above, a.ud variety 4. 

4 is of the same color as 2. but is somewhat granular in 
texture. It constitutes a band about two inches WIde, inter· 
rupted by a narrow (;1-·ioch) band of iron. It frequently con
tains very small rounded grains of a substance with a black 
color, vitreous luster and conchoidal fracture. In places the 
rock has become porous through weathering. 

Under the microscope is sr::en the peculiar spotted structure 
which has already been mentioned in the study of the hand 
specimens of the different rocks. This structure is usually 
characteristic of the rock macroscopically, but in this case 
only microscopically. It is marked by the presence of a pro
fusion of small rounded bodies. averaging perhaps one-tenth 
of an inch in diameter, thickly scattered through the ground 
mass. 

These bodies may be of any color a.nd have their outlines 
preserved with any degree of distinctness. Sometimes, when 
rounded, they suggest concretions and resemble the oolitic 
structure of limestones; and again when subangular, they sug
gest detrital grains. In still other cases they are sharply 
angular, and grade upwards in size to angular fragments of a 
diameter as great as t".'o inches. In this latter cltse they are 
are evidently fragments of a breccia. The nature and various 
causes of this structure will be discussed later. For these 
rounded bodies the term gmnules will be employed. This will 
cover not only those bodies which are of truly fragmental 
origin, whether original in the rock or secondary, but also 
others which resemble these closely, and make up perhaps 10 
per cent of the whole number of granules. These latter will be 

40 
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seen to be partly of concretionary growth. and pa.rtly the 
results of peculiar phases of impregnation of weak spots in 
the rock by iron oxide. The structure of which these bodies 
form the chief characteristic will be spoken of in general as a. 
spotted-grallnl{w structure. When the granules are somewhat 
separated the siliceous filling between them will be referred to 
as the grounil 11/aS8, but wben, as often happens, they are 
closely packed t,ogether, the intervening matter will be spoken 
of as the interstitial substar,ce. and as filling the i?.te1'stices. The 
term illtergranul(w substance will be used with the same signifi· 
cation. 

In 128-B, variety 4, the granules are made up of particles of 
quartz, somewhat larger than those of 2, together with an 
evenly divided cla.yey and a green chloritic substance. * A large 
ragged fragment of the same nature remains at one side, and 
in this and the smaller granules there is a-certain splitting and 
division going on. The change consists in a gradual rending 
apart of the mass, a slight darkening of the chloritic substance, 
and the filling of the interstices with crystalline or cryptocrys· 
talline silica, varying from coarser to finer, but in general 
somewhat fi'ner than that of the granules. Around the granules 
are often darker rims of the chloritic substance. The outlines 
of the granules are rarely rounded; they are usually angular, 
often not entirely s~parated from one another, and sometimes 
with the parting only begun. The interstitial silica may be 
xenogenous, t but it is probably derived from the silica already 
in the rock. This may take place in the following way: 1. 
The formation of silica. by disintegration of the chloritic sub· 
stance. This is accompanied by changes of volume which pro. 
duce cracks. 2. Segregation of pure silica along these cracks, 
and the growth of these veins, splitting the rock. 3. A sepa· 
ration of iron oxide, attending the disintegration of the chto
ritic substance, producing the qarkening of the residuary chl0. 
ritic matter in the gra.nules, especially around their edge~_ 

cOllelusion ,' Va.riety 4 is the original rock of the series ex· 
hibited in this specimen. In cert .. in parts of the rock there 

' The nature ot this mloer ,,1 Is not here definitely stated, but as the desetlptlon at 
sections goesoD, It will be s,,<:n to have been at the highest Importllnce In the history 
ot the rook. i ts exact natUNl and orIgIn was not dete rmIned until after these dellCrlp_ 
tlODS were wrItten. lind as II knowledge ot this Is not e!\.,entlal to the unden;tandlng of 
tbe "lIrlous ~hllnges, as It was not essential to theIr working out, the dlscuSSlou will b6 
reserved till later. In the desorlpt\olls It wl\l be refetre.;l to \\II here, by the Indefinite 
term " Ohlo rl tlC substance." 

tIn the use at this term and other convenIent words of the 811me kInd, the work of 
F . Posepoy In his essay. enUtled, "The Oenesis at are Depotllts," (Trlinil. Am . Inn. Min. 
Eng. Chlcllgo meeting, lS93,) Is tollowed. 
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has been a mechanical movement, doubtless resulting from the 
release of strains accumulated dul'ing the metasomatic changes. 
Along the cracks formed by this movement the rocks have been 
impregnated with xenogenous iron brought by percolating 
waters, and thus the bands of solid iron oxide were formed. 
In the rock immediawly adjoining these actual cracks the slight 
schistose structure induced has given rise to selvage bands 
where the spotted·granular structure has been mainly replaced 
by a faint linear structure. Adjoining these bands the gen
eral straining of the rock, without any development of schist
osity sufficient to permi.t the impregnation by iron. has oper
ated to greatly accelerate the processes of metasomatosis. 
This results'in the almost total effacement of the spotted-gran
ular structure, the simultaneous change of position of the 
silica and siderite, the concentration of the siderite, and the 
formation of the sideritic chert. Some of this siderite is to be 
found in the other forms of the rock; the rest represents the 
alteration product of the iron oxide under meagre access of 
oxidizing agencies. . 

SECTION 12U. In the hand specimen greenish and flinty, 
standing about half-way between varieties 1 and 2 of section 
128-A. It con tains a residuary fragment one inch in diameter, 
which resembl,es variety 2 of 128-A. 

Under the microscope there is a faintly-marked spotted-granu
lar structure, much like that of variety 4 of 128·B. The granules 
are marked usually only by the chloritic substance, which is thin
ly sown, either in rims or in the center of the granule, or in little 
spherules; sometimes they are also marked by a finer grain of 
silica. The increase of silica. in proportion to the diminishing 
amount of the chloritic substance, forms the important distinc
tion from variety 4,128-B. Imperfect crystals of siderite are 
scattered through the rock: one of them, which is quite large, 
preserves one of its sides unbroken. T his side passes through 
three of the granules and the intervening interstices, without 
any break, thus showing that the crystal was formed since the 
development of the spotted· granular structure. 

Conclusion: This rock is derived from variety 4, 128-B, by 
the partial disintegration of the chloritic matter, the attendant 
separation of fresh silica, and the partial concentration of the 
siderite into crystals. A sligh t continuation of this process 
would give 128-A, and 128-c, variety 1. 
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An estimate of the proportion of the various constituents of 
this rock is: Silica, 90 per cent.; carbonates, 5 per cent.; 
chloritic and ferruginous matter, 5 per ce.ot. 

SECTION 130. The ha.nd specimen is like 128-B, variety 4, hut 
rather coarser in texture. Under the microscope it seems to 
be an intermediate stage between 128-8, variety 4, and 129. 
The granules are ma.rked in the same way, but the chloritic 
substance shows flo somewhat darker tioge, and they have been 
apparently traversed by fissures and redivided since the stage 
represented by 129. These fissures and interstices are filled 
by comparatively coarsely crystalline silica. In places the 
crystallization of the siderite seems to bave just hegnn. There 
is some disseminated iron oxide. See Plate V, Fig. 2. 

SECTION 13L The rock ' is nearly identical in outward 
appearance with specimen 14, described later, except that 
it contains reddish, crysta.lline patches that are nearly pure 
siderite. (These patches are what was classified as type 
31 in the examination of the hand specimens, and will be seen 
to be merely a purer variation of the green rock). The rest 
of the rock is green, and granular in texture, with irregular 
fracture, and no sign of cleavage or schistosity. Under the 
microscope it is found to be made up chiefly of siderite, The 
red areas are comparatively pure, consisting of interlocking 
grains of considerable size. The green parts of the rock are 
made up of a. ground·mass of smaller grains of siderite, in 
which is found a confused mass of minute brownish silicates 
with perhaps earthy hematite intermingled. Around the bor
ders of these semi·opaque masses there are thickly interlocking 
radiating needles of actinolite. A very little silica occurs. 
This rock differs from 14 chiefly in tbe disappearance of the 
crystalline magnetite, and the great increase of the carbonate. 
There are seen in this slide two varieties of the granules. The 
first variety is identical with that of 14, except for the absence 
of the magnetite. The granules are marked by the presence of 
the semi· opaque brownish mass of silicates and actinolite, with 
a ground-mass of siderite and silica in small grains. The inter
stices are marked by more coarsely granular silica, and by 
larger crysta.ls of actinolite, which radiate from the walls. The 
granules are hardly so distinct as those of 14, showing a 
change which may ha.ve resulted from the carbonatization of the 
magnetite. The second form of granules is best showD. in the 
red, nearly pure siderite. Around the coarser grains here 
earthy iron oxide has formed, from oxidation of the siderite. 
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. Sometimes this forms a network which surrounds each of the 
grains; sometimes it takes a broader circuit and forms an ir
regular ring, enclosing many grains, which are in every way 
similar to those without. Along this line whole grains of the 
carbonate have thus been changed to the oxide. 

Conclusion: This rock occurs in the same pit with specimens 
128. 129, and 130, which show a complete series of gradations 
in themselves. That 131 is connected with these in origin is 
evident. Either 131 is derived from the last stage (li:lS'A) of 
the series, or the first stage (the fragment in 128-B, variety 4) 
is derived from it. The first snpposition would involve the reo 
placement of silica. by siderite, which would be hardly probable, 
from a. chemica.l standpoint, together with the effacement of 
the siderite crystals, a.nd the introduction of an abundant chlo
ritic and actinolitic ingredient. The second supposition is 
doubtless the correct one. It si.mply supposes the replacement 
of the carbonate of 131 by silica, and the reduction of the 
amount of the chloritic matter, which may be due either to 
silicifica.tion or to leaching. In other 'specimens the actual 
process is seen by which a rock like 128-A maybe derived f rom 
a rock like Hl!. The change consists in tbe infiltration of 
silica. which took place early. the contempora.neous replace
ment of the larger part of the siderite by the silica. and the 
segrega.tion of the remaining siderite into crysta.l form. It is 
also possible that the larger amount of silica in 14 ma.y be due 
to some slight original difference in the two rocks. 

FIRs'r GROUP FROM SEC, 33. T , 58' 17. 

The specimens constituting this group are all from the same 
pit,-27, 28, 29. 157, 158 ,159, 160 and 161. The slides are cut 
from 27, 29, 160 and 161. In this group the derivation of one 
phase from another is sufficiently distinct in the hand ·specimen, 
by the same evidence as bas been already described, and which 
will not be repeated bere. 

SECTION 27_A . This is a rock containing four distinct 
phases_ In the band-specimen the boundary between neigh
boring phases is quite distinct. 

Variety 1. Under the microscope this is seen to be tbe origi
nal rock, so far as this specimen goes. It is made up of silica, 
siderite, magnetite and hematite. The magnetite occurs in 
small irregular masses, never with crystal form. It gener
ally forms a residual core in the middle of a mass of siderite. 
or. more rarely, of hematite. In the latter case both magnetite 
and hematite are sometimes imbedded in a maSS of the carbon-
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ate, so that it seems that the cha.nge to a ca.rbonate took place 
at one -time, and that at a. later time the changing conditions 
favored oxida.tion to a hematite. In the larger siderite masses 
there is generally a. kernel of magnetite in the middle, and in 
addition. grains scattered irregularly. There is never any 
magnetite at the periphery of the siderite. 

Hematite: red and earthy, occurs only as a. decomposition 
product, almost always of magnetite. It forms irregular mas
ses or streaks. In this way it surrounds the magnetite froUl 
which it is derived, and has also made its way into cracks in the 
silica. Siderite appears to be in all cases a decomposition pro
duct of magnetite. The larger masses. which almost always 
contain the residuary kernels of magnetite, have irregular 
shapes. As they grow smaller the decomposition has been 
more complete, and the kernels of magnetite are smaller and 
fewer . The smallest ones do not have these kernels at all, and 

. these have otten obtained a perfect rhombic form. These crys 
tals, however, form but a small par~ of the whol~ mass of sid· 
erite .. Rarely, a perfect crystal of siderite may be found in the 
midst of a mass of decomposing magnetite. 

There are still indications of the existence of the granules 
so common in otber sections. Frequently a narrow rim of 
magnetite or hematite, or both, gives the familiar o utline of 
one of these forms. The interior is generally filled with silica 
Like the ground·mass. From a study of otber sections, it seems 
probable that the history of these forms is as follows: A gran· 
ule made up mainly of siderite was oxidized along the edges 
into hematite. At this stage the remaining siderite was reo 
placed by silica. Subsequently the hematite was changed into 
magnetite .. 

The ground.mass is composed of cryptocrystalline silica, 
clouded with some slight lIomou nt of clayey matter. 

An analysis of. this rock was made by C. F. Sidener, with the 
follOWing results: 

ANALYSt S OF SPECIMEN 27·A. VARIETY 1. 

Silica ... . .................. . . ...... ...... . . ... SIO 
Alumi[]a . ... ... ............ . .. ............ Ai20a 

86.35 per cent. 
.78 " 

Sesquloxide or iron. .... .. .. . ... .. l<'e203 
Protoxide of iron . ... . . .... ...... . ...... .. . . FeD 

7.41 " 
3.46 " 

Lime.. . . .. . . . ..... ... ... . . . .......... . OaO .01 " 
Magnesia . . ... .... .. .... . .. . . ............. .. MgO 
Potash .. ... ........ .. . .. .. . .......•... . .. ... K20 

.05 " 

.01 .< 

Soda ...... . ............. , . .. ...... . ... . .... !ila20 . 12 " 
Water ..... .. ...... . .. . .... . .. . ............. I:I ~O .01 " 
Carbon dioxide ......... .......... . . . ..... . .. 00z ].22 " 

Total . 99.42 
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Vm'iety 2. The granules which are largely filled by hema· 
tite or magnetite become more 'plentiful at one side of the 
space occnpied by variety 1, and finally form a distinct band. 
This is variety 2. In the hand specimen it is strongly marked, 
and has the a.ppearance of red jasper. Under the microscope 
the difference of structure 1S seen to be trifling. Most of the 
siderite of variety 1 disappears, and is oxidized to red hema.· 
tite, which penetrates and stains and probably to some extent 
r eplaces the silica of the granules. All stages of the process 
may be seen in different parts of the band, which is about t 
inch thick. The magnetite also decreases in quantity, but less 
r apidly than the siderite. 

Variety 3 is characterized in the hand -specimen by its black 
color and flinty fracture. It constitutes a band of about the 
same width as that of variety:1, of which it contains fragments. 
Under the microscope it is characterized hy a fine irregular 
striping, parallel to the banding of the hand specimen. The 
ground·mass is of very fine cryptocrystalline silica, and is 
clouded with grains of sub.microscopic size, apparently of iron 
oxide and greenish decomposition products. It is sprinkled 
with small crystals and irregular grains of £iderite, grains of 
magnetite, and blotches of hematite. These bodies have been 
frequently drawn out in a line parallel to the s t riping, and the 
lines of this structure are marked by the accumula.tlon of iron 
oxide along them. While the tra.nsition from Variety 1 to 
variety 2 is gradual, and is marked by a chemical, but no 
structural change, tha.t from l! to 3 is ra.ther sudden, and fol· 
lows a. more or less well· defined line. The lines of striping of 
3 sometimes run around large fragments of 2, and again they 
cut directly across, even breaking through the l'l2!d granules. 
This indica.tes a mechanical shearing. 

Vm'iety 4 appears as a. greenish slate in the ha.nd specimeu, 
with somewhat well·developed ch'avage. Under the micro· 
scope, the line between it and 3 is well defined . It is straight 
in its general course, but exceedingly inegular in its details. 
There occur in 4 rhombic crystals which seem to be of de· 
composed siderite. When these project beyond the line into 
variety 3, they have often had one end broken off and carried 
a little wa.y, in a direction parallel to the schistosity and the 
elongation of the particles of 3. A confused mass of decom· 
position products forms the main body of variety 4, and gives 
it its green color. These seem to be chie6y made up of the 
iron oxides, epidote (?), .calcite, ana chlorite, with the latter 
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predominating. The schistosity is well marked by thickening 
of these materials along the lines of parting. A fragment re
mains which still has the structural features of variety L 

Conclusion: Varieties 2,3 and 4, were formed from variety 1, 
simultaneously, following a local schistosity, which was pro
bably induced by a slipping or fault in the rock. The smooth 
outer surface of variety 4 in the hand-specimen may be the line 
of fracture. The schistosity realized its maximum effect in 
variety 4, and produced a. chloritic slate; in variety 3 the lines 
of cleavage are microscopic, but the motion served to destroy 
the structural features of 1; in variety 2 there was no re
arrangement of structural features, but this band was affecwd 
by the oxidizing agencies which penetra.ted through 2 and 3, 
and the oxidation of siderite and magnetite to hematite followed, 
producing t.he red color of the rock. 

SECTION 27-B.-This is the same as 27-A, type 1. Some fine 
examples of the decomposition of magnetite to siderite may be 
noted_ 

SECTION 29.-Hand·specimen banded, with slaty cleavage; 
in parts heavily iron-bearing. That this is derived from 27 is 
shown in the cbanges noted in the specimens at the pit. Under 
the mi~roscope. a very perfect schistose structure. It resem
bles 27-A, variety 4, with which it is really very closely related . 
The chief constituents are magnetite, hematite, silica and 
chlorite. The darker bands are made up almost entirely of 
magnetite and hematite (proportion about, magnetite 60 per 
cent., hematite 40 per cent.); the light green bands mainly of 
chlorite and silica. and betwe6n the two there are transition 
stages. There is also some calcite, some epidote and a very little 
pyrite. None of the principal miner als have crystal form, but are 
in irregular bodies, roughly elongated and p arallel. The asso 
ciation of the chlorite suggests its formation from the magnet· 
ite or hematite by uniting with the silica, for the chlorite is in 
places in borders along the edge of the magnetite, or lines 
the interstices. The silica is finely crystalline. This change 
in the nature of the silica may be dU(l to an infiltration from 
without, but more probably to a recrystallizat.ion of the crypto
crystalline silica . Many instances of this latter change have 
been noted. 

SECTION 160-A. Hand specimen shows a perfect slaty cleav
age; is bandeel with light green and dark red. The bands ap
pear to differ in color rather than in texture; they have been 
brecciated and faulted, the fragments being sometimes as much 
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as two inches in their greatest length. and oriented in all posi· 
tions to the banding. Under the microscope, the light bands 
are composed of a mass of finely·divided chlorite and icon 
oxides, small grains and crystals of magnetite and hema
tite. with calcite and some siderite. 'These lighter bands are 
almost identical with variety 4, 27'A; and the darker ones find 
their connterpart in 29. A set of roughly paranel fine partings, _ 
marked chiefl.y by iion oxide. run through the mass. The 
darker bands. which have been deeply impregnat€d with iron 
oxide, probably represent a plane of g reater shearing than the 
light' ones. Subsequent to this shearing and the ensuing 
cha:{lges there has been another pressure, resulting, in certaiu 
zones, in the brecciation and intermingling of the bands. Th is 
is well shown on one side of the section. Angular fragments 
of all sizes, still retaining their original structure and schistose 
lines, are confusedly intermingled. In some of these displaced 
blocks the lines of schistosity run at right angles to the gen
eral schistosity of the rock. T he planes of greatest breccia· 
tion seem to lie parallel to that of the banding. 

SECTlON 160-6 is cut from the same specimen. It has the 
same characters. but is somewhat more brecciated, and can; 
tain!'; a normal fault of about onp..-haU inch throw (vertical). 
There is a marked fault·breccia developed, and a twisting of 
the layers on either side of the fault, indicating the direction 
of movement. The course of the fault is irregular. 

SECTION 161-A. Compare 27-A, var iety 2. The hand-speci
men shows a dark· red rock, somewhat mottled with very fine 
darker spots, and faintly banded. Fracture conchoidalt no 
cleavage. This weathers on both sides to a light gray rock, 
more porous and friable, with granular texture, and a faint 
cleavage_ 161-A is cut from the red rock. It resembles 
27-A, but is somewhat more stretched, producing elongated 
forms of the granules. These granules are closely pressel! 
together. They are made up mainly of silica, stained with 
a sufficient quantity of icon oxid~ to render them opaque. 
When the silica is not thus stained, it is seen to be variable 
from cryptocrystalline to finely phenocrystalline. Siderite is 
present, occasionally in small crystals. usually in broken and 
irregular fra.gments, which may be separate from the gran
ules or may be associated with them. The evident derivation 
of this rock from 27-A , variety 1, explains this. I n parts of 
the section there is a distinct wavy lineal' or fibrous structure_ 
In these parts the granules are often cracked, often broken 
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apart, sometimes shred and mingled indiscriminately. The in · 
terstices of silica have also been led by the stretching process 
to assume elongated and rounded outlines. The silica consists 
almost invariably of a nearly amorphous mass, which shows 
under the higbest power, with crossed uicols, only a few scat
tering grains where extinction can be detected, the rest reo 
maining uniformly dark. These scattering g-mins are cryptocry. 
stalline. A comparison of this silica with that oJ 27-A, variety 
1. shows by how small changes the fine cryptocrystalline silica 
reaches such a state of minute di vision that the individual 
grains cannot -be detected under the highest magnifying power, 
and so must be classed as amorphous. I t seems eminently 
probable, however, that this silica is really ind ividualized, in 
grains of sub-microscopic size, and that its true nature is as 
far from colloid silica as it is from quartz. 

SECTlON lIH'B, is cut from the weathered gray rock. T he 
shearing seems to have been little greater than in 161-A, but 
the change is chiefly one of disintegration. In parts the fibrous 
structure is seen, but generally it is not distinct. T he spotted· 
granular structure has become faint, and were it not for the 
a ssociation of this rock with 160'A, could not be identified with 
certainty. 'rhe d isseminated iron oxipe is collected in ir· 
regular bunches, or is scattered as dust· like limonite, in which 
form it stains slightly the whole section. The larger bunches of 
this iron have been dissolved out, leaving pores that riddle the 
rock, and attendant upon these changes has been the infiltration 
of calcite, which forms clusters of small grains. The silica is 
mainly apparently amorphous, as in 160·A. 

SECOND GROUP FROM SECTION 33, T. 58·17. 

The two specimens of this group, 164 and 166, are from the 
same p it, which is situated about half a mile southwest of the 
p it whence the group just described was taken. 

SECTION 164. I n hand specimen, a jasper, consisting mainly 
of dark gray silica, faintly 9 marked with somewhat breccia.ted 
bands of red a.nd light gray. Conformable with the banding 
there are thin seams of crystalline quartz, and also a v~in of 
the same material which is about i inch wide. A prismatic 
jointing is present. Compare with the "jasper" from Iron Cliff, 
(spec. 40, see p. 61.) Under the microscope the silica is seen 
to be mainly truly chaicedonic, with radiating fibrous struc· 
ture. On the one hand, this grades into a variety where the 
individuals are so small as to be hardly or not at all discernible, 
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a.nd so may be called amorphous, and on the other into fine 
grains of quartz. The traces of the spotted·granular str ucture 
are distinctly discernible in this rock: (1), by the presence of 
clustering patches of iron oxide, which appears to be ma.inly 
crystalline hematite, and occasional associated sheaves of ac· 
tinolite; (2), by the difference of the silica of the granules from 
that of the interstices. IntersLices may be found which are 
marked by crystalline quartz g r ains, around the edges of which 
come the coarser chalcedonic, then the finely chalcedonic to 
amorphous silica, and finally the iron oxides. Conclusion: This 
rock has been altered by metasomatosis rather than by dynamo
metamorphism. The spotted. granular structure has not been 
sheared out of existence, but has been nearly effaced by changes 
of d. chemical nature. 

SECTION 166. I n the hand specimen there are two parts. 
One is a red, mottled band about Ii inches thick. The color is 
given by thickly crowded red granules which occur with small 
bunches of magnetite, ill a dark gray ground·mass. This band 
is somewhat brecciated, containing angular fragments of darker 
Tock (which are stained red around the edges), as much as 
half an inch in their greatest lenglh . The rock seems identi· 
cal with 27'A, variety 2. The darker material forms the rest 
of the specimen, and from it the slide is cut. From this the 
red part has been formed by a weakening under stres::>, slight 
b recciation, and subsequent oxidation. Under the microscope, it 
has the spotted·granular structure, considerably altered, though 
not nearly so much so as in 164, which is derived from it. Re · 
sembles 27-A, variety 1, but differs from it in the disappearance 
of nearly all of the siderite. In 27'A, this is an important con _ 
stituent, but here it occurs only as scattered films. The gran· 
ules are strongly mar ked, and are made up of magnetite, with 
some earthy hematite and cryptocrystalline silica. Sometimes 
the granule is chiefly of hematite, but usua.lly it is of clouded 
silica, with magnetite cores, rims, or straggling internal skele· 
tons, The silica of the interstices is usually finely pheno· 
crystalline, and at the contact between this and the crypto· 
crystalline silica of the granules there is a curious ragged 
band, which suggests that the finer is passing into the coarser 
by crystallization, This is supported by the fact that the 
coarser variety is also found in crevices in the middle of the 
granule, which are without apparent communication with the 

• interstices. The comparison with 27 ' A, v.ariety 1, suggests the 
sa,me thing. 
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Summary.' We may believe tha.t 2i 'A, variety 1, and 166 were 
proba.bly originally almost identical. Wa.ters dissolved part of 
the iron of 166 and deposiwd it further on in the rock as carbon
ate, giving rise to 27-A, variety 1, (~7·B). The loss of volume. 
caused a contraction of 166, which resulted in the development 
of the prismatic jointing; and of the horizontal parting, which 
is marked by the white quartz seams of 164. Then the proces. 
ses of metasoOlatosis-the governing motive being the striving 
towards greatest sta.bility-went on, and, with the aid of crys
tallization, brought about the rock at Iron Clilf (section 40, 
see p. 61). where the silica is all crystalline quartz, and the 
spotted-granular structure has entirely disappeared. The car· 
bonate deposited in 27-A, variety 1, together with the carbonat· 
ization of some of the original oxide of the rock, caused a.n ex· 
pansion which resulted in certain movements and tbe produc_ 
tion of certain zones of slight shearing. The result was: (1), 
the intimate mingling of the materials which had been so long 
segregating under metasomatic forces, a.nd so in some wise a 
regenerative effect; and (2) the exposure of these materials to 
xellogenous infiltrated matter. This led to the formation of 
minerals which somewhat resemble the original ones, such as 
chlor\te. From the comparative study of an the specimens it 
will be seen that a green chloritic mineral was very important 
in the least altered forms of the rock. and seems to have been 
there as early as we have any record. But in these sheared 
rocks the chlorite is disseminated irregularly in minute parti
cles, while in t.be least altered rocks it is in firm, distinct mas· 
ses; the iron is ·in a finely divided condition, instead of being 
~rystalline; and a fine slaty cleavage replaces the massive 
structure. In an intermediate rock. originally identical with 
166 and 27-A, variety 1, but lying between them. the result 
would be a complet9 carbonatization of the iron; the attendan t 
removal of most of it so gradually as to prevent the accumula
tion of strains; and the concentration of the rest, to produce a 
s ideritic cbert like 126. Specimen 27-A, variety 1, would also, 
by a continuation of the already far advanced process, become 
a typical sideritic chert like 128, if it met with no further 
mechanical accidents. 

THE IRON CLIFF GROUP. 

The two specimens of this group, 40 and 41, are f rom the 
same pit in the hill known as lroD. Cliff, in sec. 36, T . 59·17. 
As a whole. this hill is a peculiar phase in the iron-bearing 
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rocks, for it is in large part made up of banded crystal 
line iron, often magnetic. and crystalline silica, Qr "jasper. " 
There are few of the friable phases and sudden al~erations that 
are seen in othe r parts Qf the field. The rocks much resemble 
the typical banded " jasper a.nd are ·' of the Vermilion range. 
They are marked by a prisma.tic jointing. 

SECTION 40. In the IUlond specimen there are rather pro
nounced bands of " red jasper," "black jasper," and nearly 
black crystalline hematite, with magnetite. That this banding 
is secondary and has no relation to the original structure (in
dicating neither planes of detrital or chemical deposition, nor 
of the flow of an igneous mass), is shown by the course of the 
bands, which, instead of remaining parallel, often 'unite. and 
again fork and run at different angles. Besides t he banding 
there is a fine hmination of differently colored silica. Both 
macroscopically and microscopi.cally the rock shows a. close 
res~mblance to 35 (described later, see p. 6·J), from which 
phase it is derived by a very slight change. 

Under the microscope it is seen to consist of silica, magnet
ite a·nd hematite in about the following proportion: Silica, 
90 per cent.; magnetite, 8 per cent.; hematite, 2 per cent. The 
silica is. in the form of crystalline quartz, in small grains of 
somewhat uniform size, with irregular outlines. The maguet· 
ite is in clustering masses, with distinct though somewha.t 
rounded crystal outlines, which are about the same size as the 
grains of quartz. In some parts of the silica bands they are 
somewhat more thickly strewn than in others, constituting 
under the microscope irregular and indistinct bands, and in the 
hand specimec a tine lamination of light and dark silica. This 
dark silica, when occurring in a. broad band, constitutes tbe 
"black jasper." In bands the magnetite has been somewhat 
oxidized to hematite, mainly in the form of martite, thus form· 
ing the" red jasper" of the hand specimen. In another band 
the magnetite has collected into a dense mass. This is about 
t inch wide. It is densest in the middle, but even bere there 
occur interstices filled with quartz. Toward the periphery it 
becomes more scattered, thin bands of it alternating with 
layers of silica, till it grades off into the black jasper. Along 
this outer margin there is considerable decomposition to hema· 
tite. There is in this r.ock no trace of the spotted·granular 
structure. The silica grains are of about the Same size as the 
predominating larger ones of section 35. (See p. 64.) Thi s 
shows the cbange from the sma.ller cryptocrystalline variety 
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to the coarser-an operation contemporaneous with the com
minution' distribution, concentration, and recrystallization iu
to bands of the iron, and the obliteration of the spotted-granu
lar structure. 

SPECIMEN 41. Color, dark red. The granules of the spotted· 
granular structure are distinctly visible to the naked eye. 
There are scattered through the mass large grains of crystal
line quartz. which have the shape, size and appea.rance of sand
grains. These are not arranged in any definite layers, except 
tha.t they become more abundant in the part of the specimen 
represented by 41-B. This part grades directly into 41-A, de
scribed above. It is darker, and in place of the spotted-granu
lar structure has developed a slight cleavage. rf his may be due 
to shearing and subsequent decomposition, or to decomposition 
alone. 41-A has a conchoidal fracture, and neither jointing nor 
cleavage_ 

SECTION 41_A. In the slide there are two varieties, d iffering 
from one anot.her slight.ly and grading together. Variety 1 •. in 
t.he cent.re of the slide, has the normal spotted-granular struc
ture. The granules are rounded or sub-angula.r, are closely 
packed, a.nd are made up of silica, hematite and chloritic and 
clayey matter, in the order of abundance named. The silica is 
finely cryptocrystalline and is clouded with iron oxide. Mag
netite occurs in irregular fragments, either intimately mixed 
with the hematite or as cores in the hematite m~ses. There 
is a slight tendency for the granules to lie with their longer 
axes roughly parallel. This is due to a stretching under 
mechanical pressure, as will be shown further on. The most 
striking feat.ure in the rock is the presence of tho large angu
lar grains of crystalline quartz, which were mentioned in the 
description of the hand-specimen. This quartz is entirely 
different from the rest of the silica in this slide, and from the 
usual silica of any other of the slides of the iron-bearing mem
ber examined. They appear to be sand-grains_ They are 
perhaps fifty times as large as the largest grains of the other 
silica; they are traversed by cracks which indicate great str ain
ing which the rest of the rock appears not to have shared; 
and there is a variety of shading in them, due to the relative 

. abundance of foreign inclusions. The silica. in which they are 
embedded varies from cryptocrystalline to cha.lcedonic, the 
latter showing radial fibrous structure. These grains must be 
considered fragmental. Va.riety 1 is surrounded by and grades 
into variety 2_ 
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Variety 2 is marked by a distinct parallel schistose structure, 
. the lines of which curve around the fragment of variety 1. 
Here the granules are pulled out into long masses para.llel to 
the lines of the schistose structure, or assume torn and irregu
lar outlines in place of the rounded ones. The coarser and the 
finer intergranular chalcedonic silica are confusedly in ter
mingled, or drawn out in the same way as the granules. There 
is here a decided predominance of the chloritic ingredients 
over the iron oxides. while in variety 1 the reverse is decidedly 
true. The grains of apparently fragmental quartz have also 
undergone the same force as the other ingredients. They have 
sometimes beeu broken, and the pieces sepal·a.ted from one 
another by small distances, in the direction of the lines of t he 
schistose structure. 

Conclusion: This rock has undergone a slight mechanical 
shearing, as is shown by the torn and irregular outlines of the 
g r anules. and their stretching in a common direction, by the 
breaking and separation of the fragmental quartz, and the 
development of chloritic and clayey matter in place of the 
iron oxides. This motion must explain the motive for segre
gation in bands of the materials of section 40. It is probable 
that these bands follow planes of slight weakness, which 
originated at the same time as the shearing in 41. 

SECTION 4 1-8. From the lamination of the hand specimen, 
this seems to be a more complete shear-zone. Under the mi
croscope, the rock is seen to have altered to a black. opaque 
mass, which by incident light is seen to consist mainly of the 
iron oxides. The traces of g ranules are very faintly shown. 
This mass is liberally sprinkled with the fragmental quartz 
grains. T hey have undergone no change, save for a slight cor
rosion of their margins. There is a single residuary area of 
chalcedonic silica.. The change in this rock has probably been 
due to the straining. which produced a comminution of the 
fragments of the rock; followed by the action of percolating 
water s, which dissolved the cryptocrystalline and chalcedonic 
silica, and replaced it by iron. The fact that the quartz grains 
were'not attacked is another proof of their independent origin. 
This specimen is only about twenty feet from the quartzyte be
low it, on which the iron bearing member is here seen to rest. 
These fragmental quar tz grains are of the same nature as those 
of the qua-rtzyte. 
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GROUP FROM THE CHICAGC PROPERTY, 
SEC. 4, T. 58- 16. 

The sections in this group are from specimens taken from 
adjoining pit.s on the Chicago property. The pits farthest 
from each other are about 150 yards apart. In general the 
material at the different pits is very much alike, but certain 
phases differ from others in the same pit. The sectiuns are 
from specimens 35, 36, 37, 39, and 53. 

SECTION 35. In the hand specimen, it seems to consist 
mainly of silica, st.ained light red and having a ja.spery ap
pearance. and magnetite. While these two ingredients are 
irregularly distributed, yet there is a tendency to a con
centration into indistinct, non· persistent, roughly parallel 
bands. In the darker bands magnetite prevails, in the lighter 
ones the silica. Along the darker bands pitted decomposition • has set in. Under the microscope the granules and interstices 
of the spotted-granurar structure are often distinctly seen, but 
are often faint, and sometimes nearly obliterated. The magnet
ite is in irregular masses, often showing a clustering motive, 
with distinct outlines, yet with no st.rict crystal boundaries. In 
one place it is clustered into an irregular darker band without 
definite boundaries . This band, save for the slightly increased 
proportion of magnetite. is identical with the rest. As is usual, 
the rock on one side of the band is much poorer in iron than that 
on the other, showing that most of the iron was derived from one 
direction, and pointing to waters acting under the influence of 
gravity as the chief cause. The silica varies from cryptocrys
talline to finely phenocrystalline, the latter somewhat predomi
nating. The two are sometimes mingled confusedly; but where 
the spotted-granular structuJ'e is best preserved the granules 
usually consist of the finer silica. and are surrounded by the 
coarser grains of the interstices. The position of the magnet
ite in the section has no relation to the traces of the granules; 
hence the silica, even in this finely divided form, is stabler. 
Scattered crystals of siderite occur, generally more or less oxi-
dized. , 

SECTION 36. Fl'Om the same pit as 35. In the hand-speci
men is light·gray and siliceous, with small grains of magnetite 
visible to the naked eye. There is no banding, but the rock is 
riddled with pits, which are lined with a crumbling powder that 
appears to be partly limonitic. Under the microscope, the es · 
timated proportion of different constituents i!';: Silica, 92 per 
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cent., Magnetite, 4 per cent., Limonite. 2 per cent., Siderite, 2 
per cent. The powder of this rock gave reluctant effervescence 
with cold dilute hydrochloric acid, but effervesced freely on 
warming. In general struct.ure the rock is like 35. The out
lines of the granules can everywhere be distinctly traced, 
though in Dlost cases they are marked only by a slight differ· 
ence in the size of the silica grains, and by a cloudy yellowish 
color. The magnetite bodies have the same general habit as in 
35, but are fewer, and have occasionally distinct crystal boun· 
daries. Micaceous bematiw occurs in small blood·red specks. 
associated with the magnetite. Siderite appears scattered 
through the section in very small, vaguely outlined forms. It 
often surrounds magneti.te, in which case the magnetite loses 
its crystal outline. When present in any considerable body it 
is usually rusty with oxide. It thus appears to be entirely 
of secondary origin. Two or three of the "pits" described in 
the hand-specimen are shown in the section. The origina.l dis· 
tinction between them and the smaller decomposit.ion spots 
which can be seen only under the microscope seems to ha.ve 
been a clustering of magnetite. At present they are character
ized by this, by a lack of regular outline and by the decomposed 
condition of the adjoining rock. In this decomposition border 
siderite is found in numerous small irregular clustering grains, 
which surl'ound the magnetite, when the latter is presen!.. 
Conclusions: In the process of change magnetite has become 
segregated into certaiin spots more thickly than in others. On 
the freer access of oxidizing agencies, the decomposition has 
begun at first arouud these groups, since the iron is more 
easily attacked than the silica. The change of the iron is first 
of aU to a carbonate, after which it is taken into solution and 
carried a,way, to be deposited further on, leaving a.n empty pit, 
lined with p roducts not yet far enough advanced in decay to be 
taken into solution. The extension of thes0t3 rust'spots in time 
decomposed the whole rock. The hand·specimen in places is 
already more than half decomposed. (See Plate IX, Fig. 1). 

SECTION 37-A. From a pit about eighty yards from the 
first. Resembles 36, both in the hand-specimen and under 
the microscope. The chief difference is the presence of calcite 
in spots, these spots corresponding, in size and distribution, to 
the rust"-pits of 36. The granules can be distinctly observed 
everywhere, chiefly by the difference in gra.in and coloring of 
the silica, as explained for 36. The magnetite has lost all con-

5 G 
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nection in position with the granules, is somet.imes with crystal 
outline, and has a. tendency to congregate in clusters. These spots 
are also characterized by the presence of siderite and calcite (or 
magnesite) in larger quantities than in the rest of the section. 
The calcite is usua.lly in large, clear grains, showing cleavage; 
the siderite is in small irregular patches, as in 36. The history of 
this structure is as follows:-l. The concentration of the mag
netite into clusters. 2. The beginning of oxidation at these 
points, (into siderite or hematite). 3. The infiltration of cal
cite from extraneous sources into the spaces opened by decom
position. 4. The action of the calcite on the ulldecomposed 
magneti.te to produce siderite. 5. In the next stage the soll1-
tion of these carbocates would give the peculiar rust-pits of 
36. There is a very small amount of actinolite in the rock. 

SECTION 37-B. - From the same specimen as 37'A, into which 
it grades on some sides, and from which it is separated on 
others, by a rather distinct mechanical crack. It is apparently 
a residuary fragment, although on the side where the crack 
intervenes between it and 37-A it has the semblance of a pebble. 
It is fine_grained, and green in color. There are in 37 A much 
larger quantities of calcite than in 37-B, and the crack between 
the two seem to have been the passage· way for the waters that. 
brought the mineral. A fine vein of calcite (magnesite?) tra.
verses 37· B. The crack that has been thus filled is much wider 
than that between 37-A and 37_8. The result was that the 
waters found sufficient passage-way, and instead of forcing 
their way into the rock and impregnating it with calcite, as in 
37-A. they carried off some of the country rock in solution, in 
the near vicinity of the walls of the fissure, and brought about 
a general decomposition; thus giving rise to a. distinct broad 
dark selvage strip on both sides of the vein. Across this strip 
and the vein the section was cut. 

Under the microscope, the vein, which is at its broadest point 
about 1-16 inch in diameter, is seen to be mainly filled with 
well· crystallized calcite, showing cleava.ge, and often the s uc
cessive stages of growth, in perfect crystals. Iron in the form 
of earthy hematite and siderite is scattered between the cry
stals and along the walls, in such manner as to show that it is 
secondary to the original material of the vein. In the selvage 
s trip of the country-rock the traces of the spotted·g'l:anula.r 
structure are almost entirely obliterated, being only faintly 
shown in places under crossed nicols. The predominating 
feature is the ground-mass of very finely cryptocrystalline 
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silica, more uniform and finer than that of 37·A. Iron is almost 
lacking, save for its occurence in earthy, semi·opaque masses 
of decomposition·products. In these masses actinolite, chlorite, 
calcite, and siderite, probably occur. The change of the silica 
under freely oxidizing forces is very important. When these 
agencies do not have access, the reverse or crystallizing pro· 
cess takes place, as is seen in 40 and many other sections. 

SECTION 39. From same pit as 37. and closely associated 
with it. Is distinct in appearance from 37. owing to the 
mot.tlin~ which the distinctly marked granules produce. In 
color light·green; fracture conchoidal; no cleavage or jointing. 
Under the microscope the rock is seen to be much less altered 
than 37. The primary granules which correspond to the 
granules of 53·1 make up about 60 per cent. of the entire mass. 
Surrounding these is a secondary border which makes about 
25 per cent. of the mass. This leaves only about 15 per cent. 
of the interstitial pure silica. The general structure resem· 
bles very much 14 and 17, which will be described later. 
The primary granules are composed of a compact green 
chloritic substance, in firm masses traversed by roughly 
parallel partings; it is slightly pleochroic. Others are darker 
and opaque from decomposition products, such as earthy iron 
oxide. Some of them have internal magnetite fragments. 
Sometimes carbonate, either fragmental or crysta.lline, but 
generally much decomposed, is found. These granules rarely 
have well· rounded outlines; they are usually ragged and angu· 
lar. Small fragments are scattered everywhere. Surround· 
ing these granules as a decomposition rim is a body of pale· 
green, finely matted actinolite, in clusoors a.nd sheaf·like 
forms, with which are intimately mingled limonite, crypto· 
crystalline silica, and carbonates. Last of all, the small 
angular interstitial cavities are filled with grains of finely 
phenocrysta.lline quartz. 

SPECIMEN 53 is from a pit which is about 100 yal'ds south· 
west of the last. This pit passed through ten or twelve feet 
of soft black sla.tes, and then through two or three feet of 
the hard gray siliceous rock belonging to the iron·bea.ring 
member, substantially as described for the other specimens in 
this group. The contact between the slates and the iron· bear
ing rock is well· marked, and there is no sign of transition 
between the two. The slates in nowise resemble the iron· 
bearing rock. They dip gent)y to the south. South of this 
pit all explorations have revealed the presence of the upper 
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slate member. Specimen 53 is taken from the contact of the 
two formations. Section 53·1 is cut from that part of it which 
belongs to the iron-bearing member, and 53-2 from the soft 
black shale. 

SECTION 53-I. The hand·specimen is a dark greenish·gray; 
fractul'e in general irregular, but bas a tendency to a rough 
horizontal parting and also to a vertical jointing; structure, 
spotted·granular; contains a rounded fragment resembling a 
pebble, which may be a pebble or a. residuary fragment.· 

Under the microscope the ground_mass is a finely pheno· 
crystalline silica, the grains of which interlock in such a 
manner as to put their formation in place beyond a doubt. 
Throueh this are scattered rounded, angular or broken frag. 
ments. the largest of which perhaps average 1·16 inch in diam· 
ameter. Prominent among these are rounded grains of crys· 
talline carbonate (probably calcite or magnesite), which from 
their appearance were almost certainly originally detrital. 
The cleavage is very well shown, and they are tinged a dirty 
brown by impurities which have fOilnd their way into the cleav
age crevices. Their appearance is strangely contrasted with 
the calcite (magnesite?) which has entered since the formation 
of Lhe rock. This is very abundant, occurring as an aggregate 
of very small grains, in color pure white. In this manner it 
forms borders around the granules, or small bunches in the 
interstitial silica. It never shows cleavage or crystal form. 
(See Plate V, Fig. 1; a.lso Plate VIII, Fig. 1). 

Besides the carbonate, there are rounded, angular, irregular, 
or shattered masses of the green chloritic substance, which 
also in many cases may be detrital, though often they have 
been disrup ted by the movements in the rocks subsequent to 
consolidation. 

Ie. the majority of the gr~enish bodies, however, the green 
mineral has been decomposed, depositing silica in very small 
cryptocrystalline grains, as a result. 

In the majority of the granules it is evident that the silicifi
cation has gone on in place, for it has been to some extent ac
companied by slight movements, which seem to ha.ve produced 
the torn and irregular forms. 

Conclusion: In this section, fragmental and non-fragmental 
material is mingled. This is the extreme upper contact of the 
iron bearing member. Compare, on the extreme lower contact. 
sections 41'A and 41 B. (See pages~2,63.) The rock has evidently 
already gone through a grea.t deal of metasomatic change, as is 
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evidenced by the interstitial secondary silica, the secondary 
silica of the greenish granules and the borders of secondary 
carbonate. In this case it seems clear tha.t replacement has 
had nothing to do with the development of engranular silica, 
for the granules of carbonate ha.ve not been attacked, but r(:
main quite unaltered. The conclusion is inevitable Lhat the 
green material is extremely unstable under circumstances where 
the carbonate is not affected . 

SECTION 53·2.-1n hand· specimen black and soft, with per
fect slaty cleavage. The line of contact with 53·1 is even 
and distinct. Under the microscope, about 60 per cent. of 
the mass is seen to be made up of a carbonate which resem· 
bles calcite. It does not effervesce with cold dilut.e hydro
chloric acid, however, but only on warming, and analysis shows 
it to be entirely magnesite. The rest of the section is occupied 
by fine clouded greenish material. The structure of 53·2 has not 
the slightest resemblance to that of 53·1, no more than has the 
mineral composition. The structure of 53·2 is the familiar one 
characteristic of a fragmental rock, and especially of a limestone. 
The grains of magnesite are scattered uniformly through the 
section; intermingled with them are irregular and ill·defined 
flakes of the greenish materials, which are apparently of later 
origin than the magnesite. The rock bears no resemblance to 
any of the specimens from the iron· bearing member that have 
been examined. not even the sheared and sometimes calcified 
cherts and slates, for these have a linear or fibrous structure 
indicative of their origin; 53·2 bas no trace of this, nor yet 
any of the spotted·granular structure; nor does it show any 
tendency to concentration and crystallization. Taken into ac
count with its field relations as described. and its resemblance 
to rocks like 76 and 112, which will be described later. we must 
consider it as the bottommost la.yer of the slaty series which 
immediately overlies the iron·bearing member, and that the line 
of demarkation between 53·1 and 53·2 is the line of contact; 
between these two grand members of the Animikie series. 

• 



70 BULLETIN NO. X. 

An ana.lysis of this rock ga.ve the following results: 
ANALYSIS OF ~I ICU EMICAL SERIES NO. 236). 

flY C. F. ST DENEI!. 

M_. 
Alumina . .... .. . . , . .... .. .. . .... . ... .. . . , ...... " ... . 
~uloxld6 of I rOIl .. ... .. ................ . .......... . 
Protoxide of I rOil . ..... . ... . .... ... .. • .•......... •.... . . 
L ime . . . . . . .. . . ............... .. ... •••. .. ........•....... 
Magnesia . ..... . ....... . . .. .. •. • • . . .......• ••.......... 
Potash . ........ , . ........... .• •• . .. .......•• ••.. ........ 
Soda . . . ..••..... ... ............... .• ••...... . ...••. . ... 
CarOOIl Dioxide ... . ............... ... ............ ••...... 
' Vater . .......... .. . . . .• .. . ... . ...•• •• ... " . ... _. , . . ... , 
Organic Matter ........ . ....... .. ............. . ....... .. 
Graphite . ....... ..... ....................... . .......... . 
bTaoganese . .... . ............................... .. ...... . 

810 
All>, 
Fe.O. 
F. O 
. Cao 
MgO 
K,O 
Na.O 
00, 
H,u 

o "0 

Per cent. 
41.73 
4.Ol 

14.43 
19.85 

.02 
4.41 

.02 

.18 
5.76 

'" 3.00 
trace 
trace 

Total.... .... ........... . ...... . . . .. . .. .. . ... .. 99.62 
The part. of t.he·specimen from which t.his analysis was made 

was evidently more altered than that from which t.he section 
was made, as is shown by the great decrease in the amount ot 
magnesite, and the corresponding increase of the iron oxides 
and the iron· bearing silicates. As an explanation of this it 
may be said t.bat while the fragment from which the section 
was cut was within t inch of the cont.act, that from which the 
analysis was ma.de was a layer, one side of which formed the 
contact itself; and the change must be at.t.r ibuted to the inti· 
mate proximity of 53·1. the siliceous and ferruginous represent· 
ative of the iron · bearing member. 

Conclusion.s: In 53 ,1, 39, 37'B, 3i'A, 36 and 35, we ha.ve a fine 
series illustrating the processes of change, and reaching a.lmost 
from one end of the typical scheme of development to the 
other. The chief motive has been the process of decomposi· 
tion and concentration under the influence of a. moderate 
amount of atmospheric agencies, the goal being the greatest 
possible stability under these conditions. Attendant on this 
there has been t.he introduction of a more unusual factor, due 
to the proximity of the rock to the overlying calcareous beds,
the infiltration of xenogenous carbonates. This attendant cir· 
cumstauce bas modified the action of the governing motive 
somewhat, but the two remain sufficiently d istinct for their reo 
suIts to be separately noted. 

Section 53· 1 shows many angular fragments, hardly yet broken 
apart, of the firm mass of chloritic matter, with finely dissem· 
inated iron oxides and ot.her ferruginous materials. This chloritic 
matter must for the present. be regarded as the primary rock of 
the series. That the brecciation has occurred without any con. 
sidera.ble carriage of the fragments from their original POSitions 

'1 
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is shown by the fact that the fragments fit closely together, are 
yet connected in many cases, and are never rounded. Around 
the edges of the granules, the combination of this silica. with 
the original s ubstance prod uced a broad border of secondary 
minerals. 

39 appears to be directly derived from 53·1, by a process 
of oxidation. The original fragments of the chlorit ic sub· 
stance havfi>! become nearly opaque from the formation of 
hydrated iron oxide. 'l' he small decomposition bodies of 53· 1 
hav~ been extended, till they often fill up the whole of the in · 
tergranular space. These decomposition areas, instead of be
ing pure white calcite as in 53 -1 , are light green, mottled with 
brown, and a re made up of an intimate mixture of the carbon
ates, limonite, actinolite and silica. The rounded grains of 
carbonate have also been decomposed, till only a small portion 
of the original grain remains in the middle. When this process 
goes on a. little further the original grains will be quite oblit
erated , and a somewhat homogeneous mass of decom position 
products will remain. 

In 37 we find that the decomposition bas gone on till the 
chloritic substance has almost entirely disappeared, and is reo 
placed by iron oxides and silica, which still mark the olltlines 
of the g ranules. Usually the iron oxide has been leached out 
and scattered through the section, or concentrated in places, 
leaving the granules marked by the finer and clouded silica 
alone. The iron when concentr ated has sometimes become 
crystalline, and has passed from the earthy form to the magnetic 
s tate. In 36, the process has still further proceeded. T he 
outlines of the granules have become indistinct. This has re
sulted from the concentration of the little remaining iron oxide 
in them, and also from the partial erystallization of the fine 
cryptocrystalline silica, which has p assed in some cases into 
the phenocrystalline condi~ion, and so cannot be distinguished 
from the silica of the interstitial spaces. I n 35 we have a still 
more advanced stage. The granules are with difficulty made 
out, even in the most favorable p laces; the silica bas become 
predominantly phenocrystallinei the iron has been further 
concentrated, and has begun to arrange itself into rude ba nds 
along the lines of greatest weakness in the rock; and the rock 
resembles more th e typical "jasper" of the iron region than 
anything else. I 

T he infilt ration of xenogenous carbonates has had a peculiar 
but independent effect. The;y have scarcely penetrated 39, and 
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so there are no results here. In 53-1 they have probably sup
plied the carbona.ro rim a.round the granules. In 37 they ha.ve 
produced the differentiation between 37-A and 37-B, and have 
collected in the more open parts of 37-A. The effects of this 
impregnation are more clearly seen in 35 and 36, when oxidiz
ing agencies have attacked these carbonates, a.nd from them 
formed centres of dil'lintegration scattered everywhere through 
the rock, which, ever growing larger, soon give it a curious 
pitted and honeycombed appearance, and when carried to the 
extreme produce the decomposition of the entire body. 

GROUP FROM SECTION 10, T. 58-19. 

The principal specimens in this group-149, 150 and 151,
are from the same pit. 

SECTION 149. In hand'specimen yellow; va.ries from afiinty 
texture to soft and crumbling. The harder spots of grayer 
material are residuary fragments . Fracture somewhat con· 
choidal; a distinct faint ba.nding. Under the microscope 
there is a lighter residuary fragment, and a darker portion. 
Varit'ty 1, the residuary fragment, has a somewhat. distinct 
convex boundary. It consis:ts of a fine background of crypto· 
crystalline silica, through which are disseminated clusters or 
individual crystals of actinolite, and some iron oxide dust. 
Variety 1!, which surrounds variety 1, differs chiefly in the pres· 
ence of a larger amount of actinolite and iron oxide, the latter 
becoming especially important. The result is that the section 
is in places quite opaque. There is a tendency to a linear ar· 
rangement of the materials. Both varieties, hut especially 2, 
are traversed by numerous cracks. Concll,sion : 2 differ~ from 
1 by virtue of having been more cracked and strained mechani
cally, and so acquiring a more distinct set of sometimes par· 
allel lines of weakness, which allowed freer access of percolat 
ing waters, and have brought about a more complete impreg· 
nation with iron oxide. Both 1 and 2 are in an advanced '.>tage 
of metasomatic change, and the process may we~l have been 
hastened by the movem~mts in the rock. 

SECTION 150. In the hand-specimen roughly banded. In 
the middle is a residuary. white, granular, somewhat porous 
rock, of irregular fracture. This passes on both sides to a 
fine, browll. flinty rock, like 149, and this rock in tUl'll is 
weathered on one side to the depth of a quarter of an inch to a 
blood_red pulverulent rock, pa.rtly of earthy hematite. 
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SECTION 150·A is cut from the light, granular rock, which 
may be called variety 1, and is just beginning to grade to the 
brown. flinty rock, or variety 2, on the edges. 

Variety 1 consists of a background of cryptocrystalline silica. 
in which the traces of the spotted-granular structure can be 
distinctly made out. The granules are distinguished chiefly by 
the finer g rain of the silica, a$, compared with that of the inter· 
stices; and also by scattered patches or solid cores of earthy 
hematite, and very minute fragments of actinolite (?) and chlor· 
ite (?). The interstices between the granules have beer. to some 
extent impregnated with impurities. The patches ofeartby iron 
oxide which occur in the granules have often been in part or 
wholly washed out, leaving thc rounded pores characteristic of 
cer tain parts of the hand·specimen. There is evidence of a 
stretching parallel to the general banding of the rock. This is 
shown by the tendency for the granules to arrange themselves 
with their longer axes parallel. as if pulled out of sbape by a 
common force; and also by a. breaking apart of some of the 
iron oxide patches, fo rm ing fissures which are perpendicular 
to the general direction of the tension. 

Variety:2 is marked by a linear structure. That these lines 
represent planes of special weakness is shown by the impreg_ 
nation of tbe rock near them by earthy iron oxide. When there 
is no such impregnation, the spotted-granular structure is 
found to be more nearly effaced along these lines than any· 
where else in the rock. The impregnation gives the rock its 
brown color, and of course bides lohe spotted·granular struc· 
ture. A considerable quantity of cloudy, decomposing s iderite 
in scattering and very small masses is present. It seems to be 
a late decomposition product, for it is nowhere concentrated 
and occupies no definite place. It is often associated with, but 
not confined to the granules, in the main body of the rock; and 
in the impregnation bands it is closely associated with the 
hematite or limonite. Its presence seems to indicate the pro
cess of impregnation as follows: In a part of the rock more 
or less removed from this specimen. the iron was taken into 
solution by slowly filtrating aqureous agencies as a carbonate. 
Part was deposited through tbe rock as carbonate, but most 
found its way to the weaker lines. and there, uoder stronger 
oxidizing influences, was precipitated as the sesquioxide, 
usually hydrated. 

SECTION 150·8. Contains variety 1 and variety 2. Variety 
1 is more changed than in I50·A. The spotted·granular struct· 
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ure is fainter, and the ma.terials are more or less arra.nged in 
li.nes. In separated irregular lines iron has been concentrated, 
and is now chieB.y in the form of martite, in which the cores of 
the original magnetite still frequently remain. Variety 2 is 
quite opaque at its contact with 1,- a proof that the difference 
between the two originally arose from a curving crack, from 
which the mineralizing solutions leaked down into the rocks 
below, forming 2, while it left the rock above, or variety 1, 
little altered. As the distance from this original fissure in
creases, the quantity of iron oxide steadily diminishes, and it 
soon becomes quite translucent. The fact that the iron is an 
impregnation is then plainly seen. In parts a fine network of 
earthy oxide can be seen surrounding tbe grains of silica. 

Conclusion: The band of martite in 1 is an impregnation 
from a fissure. That at tbe contact of 1 and 2 was the same. 
From this latter the iron penetrated downward, forming variety 
2. The process is evidently a replacement of cryptocrystalline 
silica by iron. 

SECTlON 151. L ike variety 1 of 150'A and l50·H, but less 
altered than either,-the least altered rock of the series. 
Structure spotted· granular. The granules are distinct, and 
show little alteration by stretching. Their outlines are usually 
subangular. Most of the iron oxide that formerly occupied 
them has been dissolved away, except perhaps in rims around 
t he edges, thus giving rise to the porous, honey·combed struct· 
ure which is a peculiar feature of the hand-specimen. Some 
few of these granules which are made up chiefly of earthy iron 
oxide still remain intact; others have had the iron half-dis
solved out; and from this to the empty pore there are aU stages. 
Most of the granules which remain unaltered, however, are 
those which contain a predominance of silica instead of iron. 
This silica 'is somewhat coa.rsely cryptocrystalline, and is 
usually sparsely impregnated with hematite, limonite and sid· 
erite. On both sides of variety 1 are bands of variety 2. These 
bands curve so as to nearly meet, and are seen to follow frac· 
tures. The p rocess is seen to be simply impregnation, as above 
described, without any discernible mechanical straining 9ther 
than as shown in the fractures themselves, These bands rep 
resent the field in which filtrating chalybeate wa.ters met the 
oxidizing agents, which penetrated inward from the fractures, 
and where the iron was thus precipita.ted in the rock. 

Oonclusion : A spotted-granular rock, advanced in change, 
consisting chiefly of iron in the granules and cryptocrystalline 
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silica. in the interstices, has been subjected to slight mechanical 
pressure, resulting in parallel stra.ins of varying intensity. ICi 
some cases the effect was sufficient to produce the obliteration 
of the spotted -granular structure, the development in its place 
of a slightly schistose arrangement of the minerals. and the 
crystallization of a small amount of actinolite. Section 149. 
variety 1, shows this. Usually there was no such effect, and 
the strain produced only an irregular cracking. In other cases 
still, the only result was a general weakening_ Subsequently 
waters, coming into the rock, rendered. accessible by these a-cci 
dents, removed the iron from some places and concentrated it 
along the lines of weakness in bands and along the weaker 
zones as impregnations. 

GROUP FROM SECTION 2, T. 58-18. 

The members of this group, numbers 72, 74, 78, 79 and 80, 
are all from a single shallow pit in the northwest of the south
west of section 2, T_ 58-18. 

SECTION 72. In the hand-specimen, this is seen to be coarsely 
.brecciated, the fragments being of black or red chert, and the 
matrix a spotted · granular rock. T he section is so cut as to in
clude a portion of the matrix, and of two of the large frag
ments. Tbe larger of these fragments is composed partly of 
dark gray, and partly of reddish eber t, and the smaller is en
tirely of the reddish vaTiety. 

The matrix, which may be called variety 1, resembles 65 
and 74. The rock is composed of silica, magnetite and 
hematite, their relative abundance being in the order named. 
T he g ranules are rounded or subangular. and a.re closely 
crowded together. In them the magnetite sometimes has 
crysta.l boundaries; but generally it has none_ The hema
t ite is earthy. Around certain bodies of magnetite there are 
concentric rings of magnetite and silica, which may be truly 
concretionary, but from their irregular, often non-perSistent 
course, they are more probably phenomena attendant upon the 
oxidation and consequent contraction of an original siderite, the 
stages of which process bave been more fully worked out iu 
other sections, and will be described later. Briefly, an origi
nal mass of siderite oxidizes on the periphery to hematite. 
The loss of volume enta.iled in this change results in the con
traction and the developmen t of a more or less perfect fissure 
between the outer rim of hematite and the main body of sider -
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ite. This crack is then filled with silica in solution from the 
surrounding rock This ta.kes place repeatedly, the fissures 
becoming less and less pronounced as the volume of the COD

tracting carbonate becomes smaller, till finally there is no part
ing produced. A subsequent deoxidation of the hematite to 
magnetite gives the exact structure that we now find in the 
rock. The siderite still remains in this section in considerable 
quantities, and the process described can to some extent, be 
seen to be still going on. This carbonate is in the form of ir
regular cloudy masses and grains in the interior of the gran
ules. In some it constitutes the main part of the granule; 
usually it is somewhat repJaced by silica, a.nd appears only as 
irregular residuary grains; sometimes it has entirely disap
peared. These bodies have generally magnetite and hematite 
rims. Blood-red earthy hematite occurs constantly as a de
composition product, in some cases of the magnetite, in others 
of the siderite. Thus il may form the rim of a body in which 
siderite, with silica, occupies the centre; or it may constitute 
part of the centre of a granule of which magnetite forms 
the rim. By oxidation of both magnetite and siderite, and 
staining of the silica, it comes to be uniformly distributed 
throughout the whole body, and these blood·red granules are 
the most Common variety in certain parts of the section. 

Variety 2. The larger fragment. The line of separation be
tween this and the matrix is quite distinct. yet in most of its area 
it retains traces of a spotted·granular structure which clearly 
resembles that of the surrounding mass. The boundaries of 
the granules are not so well marked, and they have been dis 
torted so that the longer axes are apt to lie in a common direc
tion. and parallel to numerous wavy and shadowy lines which 
mark the change that has taken place in the rock . The darker 
part is made up of finely comminuted and indiscrimina.tely 
mingled cryptocrystalline silica and dust· like iron oxide. In 
the red part~ which shades off gradually from the darker paort, 
the iron oxide has concentrated itself to some extent between 
the grains of silica, thus forming a rude network. The silica 
grains are also slightly enlarged. The massing of the iron 
oxide gives bodies of it large enough to reflect the light, and 
this gives this part of the rock its red color. Both the black 
and the red parts of 2 are traversed by veins of cryptocrystal
line silica, which do not extend into the matrix, and are nearly 
at right angles with the general parallel structure. 
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Variety 3. The smaller fragment. The outline of this is round· 
ed. It bas the spotted-granular structure much better preserved 
than has 2. The outline of each of the granules is very clear, 
but on the whole is much fainter than the corresponding lines 
of the ma.trix. The silica. is more finely divided, and the iron 
oxide is sca.ttered as dust through the section, 01' concentrated 
into bunches large enough to give a reddish color to the rock. 
There are no lines of shearing observable. 

Conclusions: A spotted· granular rock is seen to have under· 
gone metasomatic cha.nges, by which the granules were altered 
by change of siderite to hematite, and this to magnetite, with 
some attendant introduction of silica.. In the course of these 
processes a strain developed in the rock which culminated in a 
shearing motion of the weakes~ zone, which produced bands of 
more or less schistose and altered rock. A continuation of 
this motion produced a slow breaking up of the bands and a
sHghL sepa.ration of the fragments. (The fragments are still 
arranged in irregular bands.) After this accident, metasomatic 
changes continued, giving to the fragments their red color, and 
in the matrix continuing the processes already begun. Com· 
pare specimen 27, whose history is very much the same, except 
that this has escaped the actual fracturing of the bands. In 
specimen 73, which is from the same place as 7~, and is similar 
in every respect, a sideritic chert is seen to constitute the core 
of one of the larger fragments, the outside of the fragment 
being a. reddish chert as in 72, and the matrix being as de· 
scribed above. This is evidently a. further continuation of the 
process of concentration subsequent to the complete inter_ 
mingling of the materials by shearing, which in 72 is most de· 
veloped in some parts of variety 1. 

The powdered rock 72 gave little reaction with cold dilute 
hydrochloric acid , but on warming afforded an abundant effer· 
vescence of carbon dioxide. 

SBCTION 74.-Like 65, both in hand·specimen and slide. The 
decomposition proceeds from certain centres in the rock, thus 
giving a pitted appearance. Under t he microscope, as well as 
in the hand-specimen, it is seen to have a. distinct spotted
granular structure, and generally is coarsely brecciated as 
well. The silica is very finely divided and might be classed as 
cryptocrystalline to apparently amorphous. I ts appearance 
throughout the whole section suggests incipient disintegration . 
The decomposition-pits have irregular boundaries, and a border 
which is quite dark under crossed nicols. This border is a 
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finely mixed aggregate of the ferrous a.nd siliceous ingredients 
of the rock, in minutely small particles. The leaching out of 
the iron leaves the white powder which is seen to line these 
pits in the hand-specimen. The process of disintegration of 
cryptocrystalline silica to an extremely tine powder, under 
atmospheric agencies, is finely shown in this specimen. The 
general structure of t.he rock, where not decomposed, is like 
that of the matrix of 72. 

SECTION 78.-1n the hand-specimen a dark-gray ground. 
mass, mottled with red granules; fra.cture conchoidal; pris 
matic jointing; no cleavage. Under the microscope, the gra.n· 
uies are strongly marked, but are in an advanced sta·ge of 
metasomatic change. They are composed of iron· oxide in the 
form of earthy hematite or limonite, either in masses or dis
tributed through the silica; their outlines are rounded; they 
are separated one from the othqr by some distance; and occa
sionally they become confused with the ground-mass. In these 
cases the finer grain of the silica, as seen under crossed nicols. 
usually distinguishes them. Magnetite occurs sparingly, either 
as residuary cores in the granules, which occasionally make 
up the most of their bulk. Ot as small crystals in the ground· 
mass of silica. Hematite is found only in the granules, in 
which it occupies a part or the whole of the space, and occurs 
with or without tbe residuary cores of tbe magnetite from 
which it is evidently a decomposition product. In its later 
stages of change, it is dissolved and replaced by silica., and 
this process goes on till only a. staining remains to show the 
presence of the iron, the rest being entirely of silica. Finally 
even this disappears, and the granule a.t times becomes con· 
founded with the intergranular material. Siderite is an impor
tant mineral in this rock: it is distributed in such a waya.s to 
make the rock a. transition stage between the common massive 
spotted'granular rock and a sideritic chert. It is found on the 
edges of the granules, io irregular masses. evidently a. decom
position product of the hematite, which generally forms a 
residual core. Often the core is of both magnetite and hema
tite. In this case the magnetite may form the residuary core 
for the hematite, showing that at first the conditions of oxida. 
tion were freer, permitting the cha'age from the magnetitic to 
the hematitic state, and that subsequently a partial withdrawa.l 
of the supply fa.vored the change of both magnetite and hema
tite to the sideritic state. Siderite also occurs in small crystals 
in tbe ground·mass. Here it often encloses some of the larger 
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silica grains around which it has formed, and the successive 
crystal outlines which mark the stages of growth are plainly 
seen. T hus this siderite, like the magnetit e of ~he ground
mass, is of a. segregat.ionary origin_ It is evident that, as this 
process goes on, with the change of the rema.ining magnetite 
and hematiw in to s iderite, the concentration of this siderite to 
make larger these tiny crystals, and the rearrangement of the 
silica. in consequence_ that the spotted-granula.r structure will 
be obliterated, and a chert, containing large crystals of siderite, 
will result. (See Plate VII, Fig. L) 

SECTION 79. The specimen from which this is takfln is an 
extremely breccia.ted mass. The section is cut from one of 
the larger fragments of the rock. It is of chert, which in its 
hard parts is banded with alternating fine gray and white lines, 
and in othe r places is decomposing to a. white powder. Many 
of the smaller crevices between fragments of this nature are 
filled with translucent crystalline quartz. of the variety that is 
commonest in quartz veins. This shows that when the brecci
ation took place the rock was in a dry, ha.rd condition, and, as 
a consequence, gaping crevices were left between the crushed 
and broken fragtp.ents_ These crevices were subsequently 
fllled by quartz from frep-Iy percolating waters, in the same way 
that ordinary veins are formed. 

Under the microscope, section 79 is composed of fine ly com
minuted silica and iron oxide dust. The iron is to some extent 
concentrated into band s, some shadowy and microscopic, others 
coarser. T he coarser ones follow fractures which traverse the 
rock_ The oxide is chiefly magnetite mixed with some hema
tite and limonite, and this gives the black color to the bands. 

Conclusion: This rock has the same origin as the larger 
fragment of section 79, except that the shearing has been more 
violent. producing certain lines of weakness along which the 
iron afterwards was concentrated, instead o f uniformly through 
tbe rock. In the hand-specimen some of the other fragments 
are seen to still preserve a dis~inct spotted-granular structure, 
but to be otherwise quite like the fragment that has been 
described. 

SECTION 80. In the hand-specimen, a breccia like 79. Un
der the microscope it is a much-broken mass, the fragments of 
which are made up of silica, calcite and other carbonates. and 
the iron oxides, in various proportions. The mass appears to 
have been originally composed mainly of silica and the iron 
oxides, but at t he time of its brecciation it bas been thoroughly 
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wrenched and cracked. There followed the infiltration of cal
cite, forming veins and impregna.tions, and combining with 
the elements already present to form a large number of COD
fused secondary products. In some spots the rock is almost, 
pure calcite. 

GROUP FROM SECTION 6, T. 58·17. 

In this group are included sections 82 and 83, with hand
specimen 70. They are all from the same pit in the southeast 
of the northeas t quarter of section 6, T. 58-17. This pit was 
explored with the diamond drill, and so to flo much greater 
depth than those which have been described formerly. Below 
the glacial drift the first thing encountered was flo thin COD

glomerate, composed almost exclusively of fragments from the 
iron -bearing member, and greatly decomposed. This was sup
posed to be of Cretaceous age_ The base of this was a lignitic 
swamp deposit, connected wiLh and appa.rently of the same 
age as the conglomerate. This ref>ts upon a porous, friable, 
fine ly pulverulent deposit, strongly resembling a consolidated 
kaolin. Typically it is a p~re white, but when stained with 
iron oxide it becomes banded with red, yellow and brown. This 
deposit is eighty feet thick, and at the bottom it passes 
gradually into a harder and firmer , although somewhat decom
posed rock. This rock was passed through to the depth of 
over two hundred feet and the drilling was stopped while yet 
in it. Specimens 82 and 83 are from the hard rock, very near 
one another, at a depth of about 180 feet f rom the surface; 
specimen 70 is from the soft white pulverulent deposit. 

SECTION 82. Hand specimen of a dark gray color spotted 
with red and white; fracture conchoidaL Under the microscope 
it has a spotted'granular structure, but is advanced in metaso
matosis. The granules are distinguishable by rims or internal 
fragments of magnetite, earthy and micaceous hematite, and 
limonite, and by the very fine cryptocrystalline nature of the 
silica. The interstices between the granules are of fibrous 
cbalcedonic silica, with sometimes the exception of a. small 
space in the very center, where there are grains of pheno
crystalline quartz. The fibrous chalcedony shows in places a 
disintegration into a very finely divided granular state, much 
resembling the silica of the interior of the granules. It is 
evidently this that gives the powdery white appearance to cer
tain parts of the rock, and with the completion of the process 
and the leaching out of the iron, finally results in the trans
formation of the entire rock to the consolidated white powder_ 
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SECTION 83. In hand-specimen, this is, in general appear
ance, like 82. The color differs, however, in that the ground
mass is li.ght green instead of dark gray, and that the granules 
mainly appear black instead of red. Under the microscope the 
iron is seen to be less in amount than in 82, and occurs as 

• crystalline masses of magnetite. The granules and the inter
stices, to a less degree, contain a light green finely dissemin
ated chloritic substance. The silica is ab~ut the same in 
general, but in places more coarsely crystalline grains are ob
served. Both 82 and 83 crumble easily under the hammer to a 
fine gray or white powder. 

SPECIMEN 70 is a consolidated fine white powder, with a 
greasy feel. It can be easily cut with a knife into any desired 
shape. It is mainly white, with frequent bands of brown or 
light red. That these bands are later in origin than the reduc
tion of the rock to its present condition, and result from the 
precipitation of iron oxide from infiltrating waters, along the 
weakest zones, is quite certainly shown by a study of this and 
other specimens from the same place. For while the bands 
are in general beautifully distinct and parallel, yet they take 
advantage of any weaker line which offers, whatever the direc 
tion, and offshoots from the main band may be found, striking 
off at any angle, and generally terminating blindly. This ma
terial was at first supposed to be a kaolin, and later, from its 
evident origin and by a,nalugy with other powders of like na
ture, but developed l,i!. a smaller scale, it was suspected to be 
a silica powder. An analysis was made of the white portion of 
the rock with the following result: 

ANALYSIS OF NO. 70 (CHEMICAL SERIES NO. 238) BY c. F. SIDENER. 

Silica ...................................... Si02 77.89 per cent. 
Alumina .. _ ............................. A1203 13.55" " 
Sesquioxide of iron ..................... Fe 203 1.83" " 
Lime .............. , . . .. . .................. CaO trace. 
Magnesia ................................. MgO .36 per cent. 
Potash .................................... K20 .84" " 
Soda ..................................... Na 20 .58" " 
Water .................................... H20 4.45" " 

Total. . . . . . . . .. . ............................ 99.50 

This analysis shows the rock to be mainly a pure silica pow
der' with a large amount of the hydrous silicate of alumina, 
or kaolin; a very small residual portion of the decomposed and 
leached iron oxides, here evidently in the form of the hydrous 

6G 
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sesquioxide; and small amounts of the ca.lcium, magnesium, 
potassium, and sodium which entered into the composition of 
the rock from which this was derived. 

Conclusion: In this group 83 is eviJently the prima.ry rock. 
It also stands in the first part of the typical series of change. 
In it the granules are closely packed together, and a.re made. 
up in large part of the green chloritic substance. The silicifi
cation of the chloi:itic substance ma.y be seen to be going OU, as 
described and observed more fully in specimen 217, (p. 84). 
In section 82. the granuks are smaller and more rounded, and 
the chloritic substance has dlsa)lpeared. a.ttended by a propor
tionate increase in the silica: The silica is somewhat finer 
than in 83, showing the effects of disintegration, and this pro
cess is plainly still going on . In 70, the rock is entirely de
composed to a fine white powder, which consists of free silica. 
and silicate of alumina. with trifling amounts of the other 
elements . These ingredients result f rom the decomposition of 
the greenish silicate of 83. which has produced the separa.tion 
of silica. and the leaving of a. residual clay. The more soluble 
decomposition products, including the iron. have been leached 
out from this residual clay, leaving mainly kaolin. 

82 may be compared with 125 and 39, and 83 is nea.rly identi
cal with 166. 

GROUP FROM SECTION 22, T. 58.20. 

The members of this group are sections 213, 215, 217. 219, 
and 220. Of these 213 and 215 are from one pit, and 217, 219, 
and 220 are from another about twenty yards distant from the 
first. These pits are in the northwest quarter of the north · 
west quarter of section 22, T. 58-20. 

SECTION 213. In hand-specimen, mainly a dark brown rock, 
heavy with iron, and with somewhat of a metallic lustre. 
There are also scattered residuary blotches, streaks, and 
patches, of a pinkish· white rock, mottled with red. These 
patches exhibit faintly the spotted-granular structure. On one 
side of the specimen is a body of white. finely crystalline silica, 
about 2'1 inches in length and i inch wide, which appears to 
be the filling of a. cavity that resl1lted from some movement 
in the rock, or pOSSibly from decomposition . In places, oxida.
tion has changed the brown rock to some depth, producing a. 
deeply pitted surface, coa.ted with brown a.nd yellOW powder. 
This seems to follow a rough parting plane in the rock. In 
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other places the decomposition has been more slight and serves 
to bring into prol!linence the spotted· granular structure of the 
rock, by dissolving out the interstices. This leaves the harder 
granules, with empty spac,es between, like an aggregate of 
sand grains. This, it will be observe,d, is the reverse of the 
usual effect of decomposition, for in general the granules are 
the first t.o yield, and the result is that the rock becomes filled 
with rounded pores. The constantly changing character of 
this rock, both mineralogically and structurally, sufficiently 
accounts for this. There is a distinct jointing on two sides of 
the specimen, marked by smooth suria..:es, in addition to the 
rough horizontal parting described above. These joint· planes 
if produced, would intersect each other at an angle of about 60 
degrees. Under the microscope, 213 has in its least. altered 
portions, which represent tbe ligbter residuary patcbes of tbe 
haud·specimen, a spotted-granular structure. The granules 
contain various scattered and fragmental forms of iron-mag· 
netite. earthy and micaceous hematite, and siderite. The 
darker portions of the rock diffE'r in composition only in the. 
relative proportion of the di.fferent minerals. There is a marked 
increase in the amount of iron minerals, which varies from 
about 10 per cent. in the lightest parts to perhaps 60 per cent. 
in t.he heavieF;t bands. Magnet.ite and hematite (both earthy 
and micaCeous) are present in nearly equal amounts. The 
magnetite is in small masses with ragged boundaries, sur· 
rounded by the other forms. The hematite is mainly associated 
with the magnetite i.n such a way as to show its derivation 
from it. Siderite is another plentiful ingredient, and also an 
apparent decomposition product of the magnetite.. In one 
place a complete pseudomorph of siderite after a cluster of 
magnetite crystals is seen. The distribution of the three forms 
of iron is such as to indicate the following order: 1. A change 
of the original magnetite to siderite. 2. The oxidation of both 
magnetite and siderite to hematite. The silica of the ground
mass varies from finely to coarsely cryptocrysta.lline. 

In structure the darker portions differ from the lighter in 
the obliteration of all traces of the spotted·granular structure, 
and in the development of certain roughly parallel planes of 
mechanical disturbance. 

Cunclusion: A spotted·granular rock has been subjected to 
some strain, which probably arose from contraction of volume 
in t.he processes of change. This contraction has produced 
witbout doubt the smooth vertical jointing, and probably also 
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the rough horizontal parting. Microscopically. it has resulted 
in the roughly parallel cracks, and the lines of special weak· 
ness, which run around the unchanged lighter parts. There 
is no microscopic or macroscopic schistosity, to indicate any 
lateral slipping. FollQwing the weakening of the rock there 
has fonowed the oxidation of t,he magnetite to siderite and 
hematite, its concentratiou in the zones of greatest weakness, 
and the consequent obscuring or obliteration of the original 
structure. It is to be noted tha.t the siderite in this and in' 
many other sect.ions surrounds the magnetite as a decomposi
t ion product, and is cloudy and wi~hout crystal form. It thus 
comes under the group of decomposition products from mag· 
netite called let/coxen. Rosenbusch describes it as an altera.tion 
product of ilmenite, titaniferous magnet ite, and rutile. Con· 
cerning its na.ture he sa.ys :· "Its chemical composition is not 
the same in all cases where i t has been investigated, and has 
been considered the equivalent of a variety of minerals (titan· 
ite. anatase, and siderite) by different observers." In every 
case where this mineral is present in these rocks, chemical 
tests show it to be siderite, and no signs of titanium can be 
found either in it or in the magne tite whence it is derived. 
The existence of this leucoxenic decomposition product sur· 
rounding magnetite has sometimes been held as sufficient evi · 
dence that the magnetite was titaniferous, hut it is clear that 
it is not necessarily the case. 

SECTION 215. In general appearance like 213, from which it 
differs in that some of the lighter spots are pure whi te, and the 
darker parts are more fine· grained. Under the microscope the 
rock is like 213, also, but there is no trace of the spotted·gran· 
ular structure. The mineral constituents are sca ttered irregu· 
larly around. Conclusion: This is Deady identical with 213, 
but shows a slightly further advanced stage of change, result· 
ing in the effacement of the granules, the scattering of the 
minerals, and a greater development of secondary products. 

SECTION 217. This is nearly identical, both macroscopically 
and microscopically, with 125. In the ha.nd·specimen it is dark 
green, very fa.intly spotted and conta.ins small blotches, ba.nds. 
and spots of magnetite. There is an irregular jointing, but no 
cleavage; the fracture is conchoida.l; the specific gravity rather 
high. Under the microscope, the spotted· granular structure is 
well shown. The granules are rounded, subangula.r, or irregu· 

-MIcroscopIcal Physiog raphy of the Rock-MakIn! Mlnetals. fly H. Rosenhusch 
TraDslated by JOIIeph l'. Iddings. ~coud. revIsed ed tlOII. p. 11;5. 
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lar, and are closely crowded together. They consist mainly of 
the compact green chloritic substance described in 39, 125. and 
other slides, together with actinolite, magnetite, hematite. a nd 
siderite. Magnetite, in very small crystalline g rains, and with 
associated hematite, is usually scattered sparingly through the 
granules. but is in p laces concentrated as described in the hand
specimen. The process of granular-brecciation is seen to be 
going on in some parts of the section. where the large, angular 
grannIes are sometimes cracked and seamed by fissures of 
varying width; sometimes separated into disti nct smaller 
grannIes by an enlargement and continua-tion of these fissu res; 
and again further separated and rounded, but their general 
outlines continuing such that t,hey nearly match one another. 

The green chloritic mineral has never any crystal outlines, 
but it encloses crystals of magnetite, and in places, under high 
power, it is seen to contain many very minute clusters of pale
green, pleochroic actinolite. It is slightly p leochroic, varying 
from lighter to darker green, and often sbows an irregular 
cracking. In places this mineral occupies the whole of the 
granules; in others it becomes filled with silica in spots and 
fissures; then it is reduced to form a kind of network around 
the silica; and finally the granule is composed almost entirely 
of silica. with only a few d ust-like grains. giving a cloudy 
greenish appearance, to mark the existence of tbe ch loritic 
substance. F rom the chloritic granules to the siliceous granules 
there is every conceivable gradation. and one runs into the 
other so that it may be seen to be a process of metasomatic 
change. I n the f reshest phases the chloritic substance is 
marked only by a slight mottling of lighter and darker green . 
Soon. however, t here appear scattered through it curious 
small dark rings. By nice adjustment under a high 
power the real material of the ring is seen to be a very 
narrow band of transparent silica. It is extremely fine. and 
varies from an apparently amorphous to a finely cryptocrystal · 
line or chalcedonic nature. T he number of these rings rapidly 
increases in the nex t stage, till the whole surface is covered 
with them. They grow larger, too, in both directions, so that 
on the outside they meet and unite, forming compound rings, 
and rosette· like forms, and, on the other side, the materia.l in
side the ring becomes smaller_ It also becomes darker in 
color than a t first, apparently from a growing excess of iron, 
in some cases becoming quite opaque. In the next stage the 
change has gone on till the silica has usurped most of th e space 
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in the granules. The cbloritic substance, grown darker and 
nearly opaque, forms a compact network around the silica. T he 
cbloritic centre of the rings bas in most cases disappeared, in 
others is represented by a very small patch of ferruginous 
clayey materiaL By this time the silica has often assumed a 
distinctly c halcedonic nature. It is usually made up of fibres 
that radiate from the inner core of the ring, or if this has dis
appeared, from the centre of the circle, and terminating at the 
circumference. I n proportion as the circle grows larger and 
tends to unite with others this fibrous structure becomes ob
scure and passes into a semi -crystalli ne condition, in grains 
that have an undulatory extinction and low polarization colors. 
In the last stage the chloritic substance has disappeared, and 
the silica occu pies the whole granule. except for the cloudy 
residuum which gives it a color sufficiently disticct to contrast 
strongly with the colorless silica of the interstices. T he silica. 
at this time is semi· crystalline. semi·chalcedonic. Only occa· 
sionally are the traces of the fibrous arrangement met with, and 
yet there is co firm crysta.lline structure. T here seems to be a 
tendency, however, for each of the original rings to form, when 
crystallized, a distinct grain. There may be found single 
granules which represent each a stage of the process of change 
described, but usuaUy all the stages are seen going on in the 
same granule, passing from the nearly pu re chloritic substance 
to nea.rly pure silica.. Actinolite fo rms a small part of the sec· 
tion, perhaps 5 per cent. It seems to be invariably of secoud· 
ary origin, r,ince it is fuund chiefly around the edges of the 
granules. from which the crystals radiate into the inter
granular spaces. (See Plate VI, Figs. 1 and 2). 

Although the chief method of silicification of the granules is 
by the process described, there is an important auxiliary. Iq 
many ca.ses silica which is probably foreign to a granule pene
trates along cracks which have been produced by some move
ment in the rock, and enlarges them by wedging and by 
replacement of the wall-material; and in this way continually 
divides the granule into fragments . Cracks which traverse the 
whole rock, on the other b and, usually give rise to impregna
tion veins, along whicb chiefly magnetite, with some hematite 
and calcite, is concentrated. 

That the silica which takes the place of the chloritic sub· 
stance is formed f rom its decomposition, and not from replace
ment, is shown by the method of distribution of the change, in 
that it does not begin at the periphery or in mechanically 
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weak places, but appea.rs simultaneously in all parts of it; so 
that port ions remote from other silica and outside influences 
are quite as much affected as any. Moreover, the separation of 
earthy iron oxide, coloring the remaini ng chloritic substance a 
dark brown, is proof that a decomposition has actually taken 
place. 

Conclusion: This rock is near the beginning of the typical 
series of change. As in other simila r sections, the original 
rock seems to have consisted chiefly of a chloritic substance. 
In the decomposition of th is substance there has resulted the 
separation of free silica together with iron and the more soluble 
salts. These soluble materials were almost totally leached out; 
the iron, less soluble. was taken into solutio n and mainly de· 
posited near by. and is represented by bands and blotches of 
considerable size and frequency. What few carbonates are 
scattered along the microscopic impregnation veins are proba.· 
bly also derived, through this change, from the original green 
chloritic substa!lce. They are chiefl.y ca.lcite, p robably mag· 
nesian. The processes observed in this rock, it will be seen, 
have gone on under conditions of comparative fl'eedom from 
modifying h ighly oxidizing forces . Had the supply of these 
been somewhat greater, and yet not great enough for complete 
oxidation. the iron would have separated as carbonate, and in 
this form would have occupied more of the bulk of the rock. 
This carbonate would probably be afterwards 'l'tplaced by silica, 
by rea.son of its greater solubility. In the rock under cou· 
sideration waters bea.ring carbonic acid had slight access, and 
so separated silica is the most noticeable result of this change, 
It is this silica, taken into solution and carried down int0 the 
rock below, that would in turn replace the carbonates formed 
under our suppositious conditions. 

An analysis of this rock gave the following results : 
ANALYS1~ OF 217 (CHE~tICAL 6"ERIES NO. 211 ). 

BY ALONZO D. MEEDS. 

m_s~ 
t:lesqu ioxide of Iron..... . . .. ............ Fe. 0.l 
Protoxide at iron .. , ..... . Feu 
Alumina .... ... .. . ,. .. . ... . .. . .. . .... AI.O, 
Lime.. . .............. .. . . .... ..• ... . .. (.'a{) 
Magnesia.... ... . . . . . . . .. . .. . . .......... .. M gO 
Soda ........................ " . . .. ... . ...... . . . Na .O 
Loss on I gnition . ... . ............ .. 

Total .... ...... .. , ... ... . . . . . . . . . 

P er Cent. 
56.28 
15.25 
18.28 
3.:.!9 

.93 
.72 
.25 

4.15 

99.75 

It must be remembered that this analysis is independeut of 
the iron which has been concentrated into spots a.ud bands. 
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Its place bas been filled with silica.. Nearly all of the iron 
which has become separated by decomposition of the silicates 
has been removed in this way. In any attempt to estimate the 
exact composition of the original rock this must be reckoned, 
and the corresponding amount of silica deducted. 

SECTION 2Hl. In the hand-specimen. this closely resembles 
217. There are scattered all through it, however, small grains 
which show pearly crystal faces, and give abundant efferves
cence of carbon dioxide wit.h cold dilute hydrochloric acid . 
There is a.lso some pyrite in dissemina.ted crystals. Under the 
microscope, the cblo1'itio substance, inclosing magnet.ite, is sub
stantially as described for 217. The peculiar features attend
ing the separation of silica. are not quite so well shown, how· 
ever. The magnetite sometimes is almost entirely changed to 
earthy hematite; the interstitial silica is coarsely chalcedonic. 
Around the margins of the granules a fibrous fringe of silica. 
is arranged, and when the intergranular space is narrow, these 
fringes meet in the middle . Where it is larger, as where three 
meet, there is a space in the middle where the grains are 
coarser, and approach a crystalline phase, though they rarely 
give any polarization colors. Fully 30 per cent. of the section 
is composed of large crystalline grains of calcite, which shows 
perfect cleavage, but bas allotriomorphous outlines. This has 
penetrated the rock and crystallized both in the granules and 
in the interstices; when it penetrates both, it obscures to some 
extent the spotted·granular str1,lcture. 

ConclHsion: The habit of this ca.lcite makes it cIGar tha.t it is 
not a secondary product, but is xenogenous. Its source was prob· 
ably from the altered limestone beds which overlie the rocks of 
the iron· bearing member. The occurrence of pyrite shows the 
presence of sulphuric acid, as well as lime, in the waters. The 
existence of this acid in a rock which shows such profound de
com position of its silicates has some additional significance, as 
we shall see later. 

SECTION 220 is nearly identical, both in the hand·specimen 
and in the slide, with 213 and 215. Faint traces of the spotted· 
granular structure may be observed, but could Dot with cer· 
tainty be identified by this slide alone. The silica is very finel,Y 
cryptocrystalline. The iron and dark ferruginous secondary 
products form a network of irregular shape and distribution . 
Some of ihis is magnetite, in small grains, but the most is a. 
micaceous hematite, with limonite; and some actinolite, which 
is stained dark red by impurities. 



THE MESAlH IRON· BEARING ROCKS. 89 

Conclusion: In this series 217 is evidently the least altered 
phase. 219 is essentially the same thing, but is altered by im· 
pregnation of calcite and pyrite. From this 213 , 215, and 220 
are derived by exposure to oxidizing forces. 'fhere is no evi· 
dence of any auxiliary dynamic action, even of that commou 
kind provoked by the metasomatic changes; themselves. The 
result is a rock without definite structure, composed of crypto· 
crystalline silica and scattered iron oxides and secondary prod· 
ucts. In other words, nearly the whole length of the typical 
process of change separates yWO If'pecimens within a few feet 
of each other, which we must believe to have originally been 
identical; and the only agent in this change which we can dis· 
cern is the common atmosphere. 

GROUP FROM THE MOUNTAIN IRON MINE. 

The members of this group are sections 97 and 232, and 
specimen 204. The ore body of the Mounta.in Iron mine lies 
in a depression from which the land rises to the north, east 
and west, while on the south it passes by a gentle slope into 
the lower country. On the north, there rises almost directly 
from the low-lying ore· body a steep bluff,on the face of which are 
outcroppings of hard siliceous rock, banded with hard ore. These 
outcrops are of especial interest, siuce they were among the 
first traces of the iron·bearing rock known on the Mesabi, and 
although they were repeatedly exa.mined and adversely reported 
upon, yet doubtless they gave the motive to the search which 
finally resulted in such signal success. Specimen 97 is taken 
from this outcrop. Specimen 204 is taken from a mass of hard 
ore ·which was found surrounded by soft hematite, in the pro· 
cess of mining. That this is a. residuary fragment. represent· 
ing the former state of much of the rock which has since been 
changed to form the soft are, cannot be doubted. In shape it 
is irregular, with ragged outlines mado by the decomposed and 
crumbling surface. It is probably about four feet square by 
two feet th ick; in its inner parts it is a bard, gray, porous 
rock, apparently of hard hematite, but probably sili.ceous; but 
it grows soft-er towards its periphery, till it passes into beauti· 
fnl purple, yellow, brown and red soft are. Specimen 232 is 
from a pit near the mine, which encountered no ore. 

SECTION 97. In the hand'specimen, this is red and crystal· 
line, and is coated wit.h a thick layer of botryoidal limonite. 
Under the microscope, it is seen to be mostly composed of 
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crystalline quartz, iu large and small angular fragments . This 
rock presents evidence of having been broken, strained, and 
shivered in a. most remarkable manner. The resulting cracks 
have served for the introduction of crystalline limonite, which 
has here segregated in minute veins and has to some extent 
impregnated the quartz. This gives the light red color to the 
rock. A cel'tcdn constant di1"eclion oj the fi ssW'es, indicating a 
single .slrony jTactlwing jOl·ce. moving only in one dil'ection, is seen 
tlll'ot/ghoul the l'ock. The importance of·this will be seen later, in 
the discussion of the origin of the ore·deposits This rock pre
sents none of the commoner features of the iron-bearing rocks. 
It is simply acrusbed and fractu red mass of crystalline quartz. 
in which no individuals are distinguishable, no granular struc
ture or crystalline outlines; and this quartz is stained with 
limonite. From the general appearance of the rock, and the 
plentiful incrustations of limonite in fissures and on the outer 
surfaces, it is quite safe to conclude that the iron is idiogenous, 
and is but a remnant of the amount that was originally in the 
rock. T he rest has been entirely removed through the chan· 
nels for percolating waters opened up by the profound 
fracturing. 

SECTION 232. T he band·specimen shows three distinct 
varieties, one derived from another. The first is nearly white, 
shaded to gray . It is apparently homogeneous, of granular 
texture, and irregular fracture. It appears to be identical with 
the lighter residuary portions of 213, 215 and 220. This is 
stained brown by iron oxide to form the second variety, which 
surrounds the first, leaving it as irregular residuary fragments 
of all sizes. The introduction of the iron seems to be the chief 
change. This second variety is identical with 149 and 214, and 
is closely related to 224. rrhe third variety is So crystalline 
hematite which is formed from the second by a complete ferra· 
tion. The boundary line is irregular and vague, and the resid· 
uary patches of the second variety are quite as common, if 
not as conspicuous, in the hematite as those of the first are in 
the second. 

The section contains varieties 1 and 2. The first variety 
shows clearly the spotted·granular structure. and indicates no 
mechanical disturbance. The granules are large, subangular, 
and are closely fitted together. They contain so little besides 
silica, however. that ill the hand·specimen they are not dis· 
tinguishable from the interstitial spaces. They are clouded by 
a thinly scattered dust. The silica is very finely cryptocrystal-
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line, while that of Lhe interstices is coarser, varying from 
cryptocrystalline to finely phenocrystaHine. 'I'he uhange from 
1 to 2 is marked by an impregnation of limonite . wh ich l'eplaces 
the silica. First the fine silica. of the granules i~ replaced. and 
until this is entir ely accomplished the interstices are DO~ 
usually attacked, so that the granules become pellets of iron 
oxide wi th the cr lolvices filled in by silica. Gradually. however, 
these bodies broaden, and eventually the in terstices become 
much reduced in size, and sometimes disappear. It is evident 
that a complete replacement of the silica gi ves, if all the iron 
be in the yellow hydrated state, a soft are lil{e the yellow bands 
in the Mountain Iron mine. H the granules remain. as they 
are apt to do, in the hematitic state, while the in terstices are 
r eplaced by hydrated peroxide, a somewhat g ranular brown are 
will result. Crystallization ill small finely dissemin ated masses 
th rough the rock as hematite, without attendant consolidation. 
gives the "blue" granular hematite. T hese differen t processes 
will take place in different zones of the rock, according to i~s 
p orosity and mechanical weakness, these qualities determining 
the amount of oxidization which may take place within a given 
ti me. T he third variety of the hand· specimen is not repre· 
sented in the slide. I t differs by a nearly complete replace· 
ment of the silica, and the crystallization of the eat-thy limonite 
into bard are. 

SPECIMEN 204. The structnre of this p iece of hard a re 
reminds ohe of that of the more highly ferrated parts of 232, 
just described. E vidently the same p rocess bas operated here 
ann tbe results are the same. The rounded granules are yet 
distinguishable, by reason of the removal of the interstit.ial 
matter, leaving caviti es which produGe the porous structure of 
the rock. According to the degree to which enlargement of the 
original granules, as described for 232, has gone au, their 
outlines become less perfect; and frequently tbere has r esulted a 
considerable diminution in the size of the intergranular space. 
The granules are of hard hematite, but tbe abundance of the 
empty interstitial spaces expose them to easy hydration. All 
t b rough the rock tho effects of this are seen in the sca.tter ed 
yellow .powder, and , as stated, upon its periphery it passes 
gradually into the soft are of which it is a residuary fragment. 

Conclusion: A violen t mechanical fracturing of the original 
rock a.t Mountain Iron bas laid a considerable strip open 
to freely oxidizing fo rces. The evidence of this motion is 
clearly preserved in 97, wh ich is so situated, at an eminebce 
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above the genera.l pla.ne of action of surface waters, tba.t it bai 
not been grea.tly a.ltered. Tne fracturing, however, bad for a 
result 00 this rock the removal of most of its iron in solution. 
At the same time, the silica. which remained became Cl"ysta.lIine. 
The iron derived from this rock, together with the iron from aU 
parts of the iron-bearing rock which came under the action of 
the surface waters, found its wa.y into the lower parts of the 
fractured area, and was there deposited, being able. under 
these conditions, to replace the easily soluble cryptocrystalline 
silica.. All the stages of this replacement are seen in 232. The 
final result was a. hard. porous, somewhat hydra.ted sesqui· 
oxide. It is interesting to remember, however. tha.t the white 
a.nd almost totally non-ferruginous na.ture of the primary 
variety of 232 shows that at a period prior to its impregnation 
by iron, it had been leached and its Iron carried away to form 
the first layers of tho ore· deposit. The subsequent replace · 
ment of this leach.ed rock by iron indicat~s a filling up of the 
basin by the growing thickness of the ore. The are seems to 
have been hard and porous at first, judging from the hematite 
portion of 232 and from the residuary fragment 204, but fr~r 
oxidation soon operated to reduce it to a state of more or less 
complete hydration. T he extreme of this process is in the 
yellow gGthite, but nea rly all of the soft ore contains more or 
Jess of combined water. Opposed to this further oxidation and 
hydration, was the change in certain regions by partial crystal
lization to a. granular and friable ore. such as the "blue" 
hematite. 

GROUP FROM THE VIRGINIA BASIN, 

The members of this group are 10, 11, 12, and 13. T hey are 
selected from different places. to show the general nature of 
change in the rocks as the proximity to the great Virginia ore
basin increases. Specimens 10 and 11 are from the same pit, 
about 400 paces south of the northeast corner of section 4, T. 58-
17, and so about a mile north of the great are· bodies. Specimen 
12 is from a pit on the Wyoming property, which is situated 
about half way between the locality before described, and the 
Qre·bodies; and specimen 13 is from a hard portion of the are at 
the Rouchleau mi ne. where there is a large and valuable deposit. 
and which is surrounded by many others of the valuable mines 
of the Virgmia. basin. Thus a. series, beginning with the rock 
a.t some distance away, and ending with that directly associa.ted 
\vitlt the are, is obtained. 

" 
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SECTION 10. Made up of silica. and magnetite, which occupy 
more than 99 per cent. of the section. The magnetite is evenly 
distributed through the field, in the form of irregula.r, compact 
masses, large enough to be visible to the naked eye, which 
usually have distinct crystalline boundaries. There may be, 
instead of the bunches of intergrown crystals, an attenuated 
string, which may be reduced at times to single individuals. 
Bands of magnetite with less definite crystal form . or lacking 
it entirely, are contained in the granules, and serve to empha· 
size the existence of the fast·disappearing spotted ·granu· 
lar structure. Sometimes these bodies form an internal net· 
work in the granule; some~imes they are external, and out· 
line its rounded form. Besides this compact magnetite, the 
same mineral in the form of dust is distributed throughout 
the section. It is usually more closely massed in the granules, 
where it fills ont the form snggested by the firmer skeleton. 
In other parts of the section this definite arrangement becomes 
lost, and the dust· like magnetite is scattered irregularly. The 
silica. is of two distinct varieties. The first is that which has 
been denominated finely cryptocrystalline, and occupies the 
granules; t.he second is finely phenocrystalline, and is fonnd in 
the interstices. Between the two there is every stage of grad· 
ation, and yet they are quite distinct, both in their position 
and their nature. I t is a constantly observed phenomenon that 
when a mass of magnetite is bounded on one side by the cryp· 
tocrystalline silica., and on the other by the phenocrystalline, 
the first side is apt to bave a. rounded or irregular outline, 
while the second will be usually perfectly crystalline. This 
constant a.ssociation suggests that the two kinds of silica. may 
have the same relation as the two kinds of magnetite, that the 
finely divided sort passes into the coarser by a simple process 
of crystallization. Indeed, in many of the granules this chauge 
seems to be even now taking place, for not only does the coarser 
silica surround them and occupy the crevices in them, but along 
these fissures and sometimes far into the granule, the crystal· 
lizing motive appears to be at work. This p rocess appears to 
be contemporaneous with the concentration of the magnetite 
dust into crystalline form. 

The coarser silica is usually marked by a mechanical crack 
which runs through the middle of the area. There are often 
ramifying cracks extending from the ma.in one, and these al"!;l 
sometimes extended so as to form a rude network. The main 
crack generally runs around the edge of the quartz grains, but 
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sometimes cuts through them. These are not found in the 
finer silica; and they were probably formed a/leI' the crystaHi· 
zatioll took place. If any strain were brought to bear on this 
rock (such any change of chemicall'elations or even of temper· 
atnre, bringing about expansion or contraction), it might be 
relieved in the finely divided silica by the slipping of particle 
on particle, but in the more brittle and tenacious fragments of 
the coarser crystalline silica could only result in fracturing. 
These cracks are often seen to cut across a grain, forming two 
portions tha.t extinguish nearly enough together to show that 
they were originally one, and yet at a slightly different angle. 
Cases of this can be observed where the angle increases, owing 
to more complete separation of the parts. ti.1l finally the original 
unity of the fragments can not be established. This suggests 
that the grains of the coarser silica may have been originally 
much larger than at present, and that the present individualized 
condition may have resulted in part from fracturing and re·a1'· 
rangement. But the perfect transitions from the coarser to the 
finer sort show that while this process bas undoubtedly had some 
effect, yet the crystallizing motive has been far more active. 
(See Plate VIII, Fig. 2.) 

SECTION 11, from the same pit as section 10, in a general way 
resembles it. The chief constituents are again silica and mag
netite; but while in section 10 magnetite formed from 25 per 
cent. to 30 per cent. of the field, in section 11 it fonns only from 
5 per cent. to 10 per cent. The remaining space, which in 10 is 
tilled with magnetite, is in 11 occupied by open pores, which in 
general correspond to the shape of the magnetite masses, and 
from which it is evident tha.t the iron has been dissolved. All 
stages of this dissolution can be seen, from the magnetite mass 
with an irregular gap on one side, to the ca.vity with irag· 
ments of magnetite still clinging to the sides, and finally to 
that with the quite clean siliceous walls. The line between the 
magnetite and the cavity is sharp, and there is no evidence of 
any alteration into other forms of iron previous to being taken 
into solution. The silica. is exactly as described for 10, and the 
different varieties chiefly distinguish the granules, whose exis· 
tence is still clearly seen. The magnetite dust which is asso· 
ciated with the cryptocrystalline silica does not seem to have 
dissolved out, but it has undergone a concentration into bunches. 
That only the crystalline magnetite has been attacked was pro
bably due to the fact that it was more easily accessible to 
atmospheric influehces, as indicated by its association and the 
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probable manner of its formation. The re pository of a part of 
this dissolved iron is seen in the section to be two small veins, 
which are remote 'from one another, but if p roduced would 
intersect at· an angle of about 120 degrees. At right angles to 
one of these veins tiIere is a third and smaller one. They can· 
sist of persistent, but irregular bands of crystalline magnetite, 
which appear to follow mechanical fractu res in th e rock. In 
places the magnetite of these veins is riddled by irregular 
cavities, and along these and along the edges there is an evi
dent decomposition to earthy hematite and limonite, so that 
often a mass of the yellow and red ores are seen surrounding 
a small residual core of magnetite. Often the whole of the 
magnetite band is cut by ramifying lines of hematite, which in 
places grow broader till they nearly coalesce. In the hand· 
specimen broader bands of magnetite are seen, but marked by 
the same features as these little veins: the sum of all of these 
veins conta.ins enough iron to account for all the grains dis
solved from the body of the rock. 

SECTION 12 .. Composed of about 90 per cent. silica, ai:>out 10 
per cent. of blood-red earthy hematite. About 80 per cent. of 
silica. is phenocrysta.lline, showing brilliant polarization colors. 
The grains are of about the same size as the largest cen tral 
ODes of section 11. But the cracks which were noted as partly 
separating the grains, have here become larger, and contaiu 
earthy red hematite, deposited from iron-bearing waters which 
have forced their way in. The widening of these cracks and 
the consequent loosening of the mass has then been accom
plished in two ways~first, by the partial solution and replace. 
ment of the silica by iron, and second, by the mechanical pres
sure exerted by the growing vein. The result is that the rock 
is extremely friable, and crumbles easily. The grains, how· 
ever, still retain their interlocking forms, which show their 
crystallization in place. Considerable areas of these fragments 
extingnish nearly simultaneously or with a slightly undulating 
extioction. These areas seem to have bee:n at first united, and 
to have been subsequently fractured. The cryptocrystalline 
silica occurs but in one place, where it forms a residual (1) frag· 
ment of considera.ble size. 

The iron which in 10 and 11 accompanied this variety of silica 
is present also in this slide, but here it is entirely earthy hema· 
tite instead of magnetite, and is either scattered through the 
mass or arranged in more or less rudely parallel fibrous bodies. 
~he iron leached from the rock since it was in the condition of 
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section 11 is seen in the hand-specimen to have been concen· 
trated into a broad band, which consists partly of iron , in a 
higbly oxidized and hydrated state, and partly of the silica 
which has not yet been replaced. It will be remembered that 
a part of it is also found in the crevices between the silica. 
grains. 

I n outward appearance, and even at the first glance under the 
microscope, this rock resembles a loose, friable detrital sand
stone. Both its structure, as explained, and its evident deriva· 
tion and method of formation. show that this is not the case, 
but that it is one of the multitudinous peculiar phases of the 
iroQ-bearing rock. There is no trace of any original detrital 
grains, nor is the appearance of the silica like that of the cla.s· 
tic rocks. 

SECTION 13. Dense opaque brown hematite. T he are is 
porous, being filled with irregular cavities, which occupy about 
10 per cent. of the section. The walls of these cavities are 
lined with minute clusters of radiating dark red crystals, which, 
when detached, form asterisk· like bodies. Occasionally, in the 
are, there is a little micaceous hematite. The resemblance of 
this rock. a reSiduary fragment of hard hematite in the soft 
are of the Rouch leau mine. to specimen 204, the residua.ry 
fragment in the Mountain Iron mine, is Significant. They are 
nearly identical, both in their composition and their porous 
structure. 

Conclusion: There is a progressive change in the nature of 
the rock as one goes from the rim of the Virginia basin towa.rds 
the centre. The first rock described is one wbich we know from 
our comparative study to be a phase a.lready far advanced in 
thE" processes of metasomatosis. T he spotted-gra.nular structure 
is still well preserved and the granules are marked by the 
characteristic finer silica, and by the presence of a. part of the 
iron in the rock. Most of the iron, however, bas been dis· 
solved out of the granules and has crystallized either in the 
granules or the interstices, or partly in both, as it happens. 
Together with this re- crystallization of the iron, there is a cor
responding process going on in the silica, by which the fine 
cryptocrystalline sort is seen to be passing slowly into the 
coarser phenocrystalline variety. 

In the next stage, the iron which has been concentrated into 
disseminated crystals has been again dissolved and redeposited 
in impregnation bands along fractures in the rock. These 
fractures may run in a.ny direction, but there is a genera.l 
parallelism between the most conspicuous of them. 
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In the next stage we do not find these hard concentrated bands; 
for, with the increasing decomposition, they have apparently 
been again dissolved and carried still further on, till in the end 
they go to swell the ore deposits at the bottom of the basin. 
But the pulverulent oxide, which in the fOl'wer stage had not 
been attacked, has in this been dissolved and concentrated into 
a band whose highly oxidized and hydrated character affords 
sufficient evidence of the conditions under which it has been 
formed. Here, again, the crystallization of the silica, not€d as 
beginning in the first stages, has gone on till nearly all the rock 
is of crystalline quartz, in grains of somewhat uniform size. In 
the crevices between these grains iroll oxide has entered, and 
has operated to separate the grains of silica, so that the rock 
is loose and friable. 

In the last stage, a porous hard hematite is encountered, 
whose origin is evidently the same as the hard concentration 
bands in the other stages; and whose porous nature i.;; probably 
connected with the spotted_granular structure of the original 
rock, as explained for the similar sort of ore at Mountain Iron. 
This hard ore is found as a. residua.ry fragment in the midst of 
the soft ore, and doubtless the latter has been derived from it 
by the easy oxidation and hydration which the porous structure 
offers. 
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