
CHAPTER X. 

THE FORMATION AND 81'RUCTURE OF THE ORE 
DEPOSrfS. 

The term Ol'e-del)Osit is relative, and is bere applied to those 
concentrations of iron which are large enougb and pure enougb 
to repay mining. As the profit in mining fluctuates with chang
ing conditions, the minimum size of a bod,V of iron oxide which 
may thus be called an ore·deposit is by no means fixed. Neither 
is there any essenti.al difference, except in size, between the are· 
deposits and the smaller accumulations of iron which are every 
where found in this rock. Between the blotch of concentrated 
iron which is only a. fraction of an inch in dia.meter, and the mass 
which is nearly a mile in its greatest diameter. there is every
possible gradation, and the explanation of their concentration 
is in all cases the same: saturated chalybeate waters from the 
less accessible par~s of the rock, ha.ve, on coming into a region 
of freer oxidation, been forced to part with their iroo, and ha.ve 
taken into solution some silica; and this has been continued till 
all the silica was replaced, and the rock was of pure iron oxide. 
The importa.nt thing, therefore, in discussing the OLe-deposits, 
is to explain the causes of their difference from the bands and 
blotches of ore, i.e., of their grea.ter size. We must first fiod the 
cause of the forma.tion of very large areas of wea.kness and oxi
dation; and second, the reason for the concentration of a. vast 
quantity of iron and its complete replacement of the origina;l 
rock. 

OCCURRENCE OF ORE-DEPOSITS ON THE MESABI. 

The shape of the ore deposits is as variable as their size, but 
the least diameter of the body is generally the vertical thick· 
ness, while by far the greatest development is laterally. Thus 
the deposits are in general oriented roughly parallel to the 
general attitude of the Animikie strata. While none of the 
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large bodies have yet been mined out, so that it is not possible 
to discover accurately the shape of anyone of them, yet in 
many places test·pitting has been complete enough to give a 
good idea of the structure. These pits show that there is no 
sharp boundary line between the ore· body and the barren rock 
on all sides, into which it runs in the most irregular fashion, 
but that there is l\ gradual transition by which the rich ore be· 
comes successively lower in iron and higher in silica, till it is 
too poor to be mined; and from this to the more decomposed 
rocks of the oxidation and concentration series. There is no 
definite wall on any side. neither is there any constant shape. 
In the largest are bodies the length of the vertical dimension 
may sometimes attain some hundreds of feet. while one or both 
of the nearly horizontal diameters may attain some thousands. 
Of these horizoutal diameters, however, one is apt to greatly 
exceed the other, so that the generalized shape might be rep
resented by a flattened triaxial prolate ellipsoid. In the actual 
outline of most of the ore-bodies, however, it would be hard to 
recognize this fundamental figure. 

The greatest clusters of ore·deposits so far known on the 
Western Mesabi may be included in four rough groups, begin· 
ning with that, furthest east- the Biwabik group, the Virginia 
group, the Mountain Iron group, and the Hibbing group. The 
Biwabik group comprises the mines in the vicinity of the towns 
of Biwabik and Merritt. The Virginia group comprises all the 
mines which surround the uplifted region called the Virginia 
area. and includes the mines near McKinley, from McKinley 
southwest to the Adams mine, and from the Adams north to 
and including the great Virginia group itself. The Mountain 
Iron and the Hibbing groups comprise respectively the ore· 
deposits in the immediate vicinity ' of the towns which bear 
these names, There are other mines, some of them very rich. 
but in general. aside from these four groups, they are some
what isolated. The richest of the four groups, the Virginia. 
group. follows, as we have seen, almost continuously the fault
lines whicb mark the uplift of the Virginia area; and the 
Biwabik group. which is also of extreme importance. lies in the 
disturbed and folded region situated immediately east of the 
Virginia area, whose uplift was probably associated with this 
disturbance. Unfortunately, the scarcity of outcrops and tile 
covering of drift, necessitating the geologist's contenting him· 
self mainly with material taken from test· pits, hinders the de
tailed structure being observed bere, and still less on the other 
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and flatter parts of tbe Mesabi which lie to the west. The 
Mountain Iron mine lies in a basin, on three sid~s of which, to 
the north, east and west, rise ridges of bard rock. The sur
face of the ore-body is much elongated, its greatest diameter 
being north and south; thus the greatest axis, if continued, 
would run through or near the ridge which bounds it to the 
north. This is a steep bluff of hard "jaspery" rock, mixed with 
seams of hard iron, which outcrops all the way up the bluff. 
This outcrop is of special historical interest, since this is the 
ODe which was several times visited by explorers in the early 
days of the Mesabi, and was invariably reported on adversely, 
while a few yards away, in the valley below, the rich iron 
deposit comes in many places quite to the surface. The 
examination of the rock of this bluff, both in the hand
specimen and under the microscope, shows that it has been 
crushed and brecciated in a most extraordinary mauner. 
(See description of section 97, on page 89) . 

This does not in any way resemble the strainiug and breccia
tion which is common, and has been described as arising 
from chemical causes originating within the member: the move· 
ment has been violent and abrupt_ It has almost completely 
obliterated the original structure of the rock, which is traversed 
by numerous lines of fracture; and as before noted, these frae
ture lines are prevailingly arranged into a. s ingle well-marked 
parallel series, indicating a. certain single aud constant direc· 
tion of the fracturing force. It thus appears probable that this 
rockwa.s in the field of a movp-ment of considerable magnitude. 
some evidence of which has been found in the rocks which 
constitute the ridges east and west of the ore-body. Since the 
fracturing forces must have acted in a. plane or zone, it seems 
then probable that that zone lay from the b~uff southward 
through the longest diameter of the ore deposit. 

At Hibbing there are no outcrops of the iron-bearing mem
ber, and explorations have not been carried on far enough to 
give any exact idea. of the conditions of the rock and the strata. 
in which the ore-deposits lie. 

THE EFFECT OF FAULTS UPON THE DEPOSITION OF IRON. 

We find, then_ that the Virginia group, the Biwabik group, 
and the Mountain Iron group have all been developed in re
gions which have been subjected to unusual regional fractur
ing. When we remember tha.t this fracturing opens up large 
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areas to oxidizing influences. and that our explanation of the 
great are· deposits needs only the discovery of the caUSe of 
these g-reat areas of weakness. in order to be complete, we may 
well conclude that the development of the are deposits has 
been directly dependent upon the regional tensions,-whether 
the tensions resulted in faulting or folding, 01' formed only 
a zone of great weakness, which might easily develop into a 
fault. The resl1lt of the development of such zones is that oxi· 
dizing agents are enabled tG penetrate every part of them; and 
under these conditions chalybeate waters deposit their iron, 
and carry away silica, till the ore·deposit is formed . 

Under the areas of special weakness which have thus been 
formed by extensive disturbance , we may name (1), actual 
fault· lines, where the fault has resulted in fracturing and 
movement; (2). incipient fault-lines, where the development of 
a zone of great weakness under strain has yet not re&ulted in 
actual dish/cation of the strata; (3), the apices of anticlinal folds 
and the troughs of synclines. where the strain of folding reno 
del's the rock especially weak. To the first of these di visions 
the Virginia group belongs, while the second appears to be 
represented by the Mountain Iron; and to the third probably 
belongs the Biwabik group. Yet in a.ll cases the critical can · 
ditions are the same, and so they can be discussed together. for 
what is true of a fault is for our purposes true. although pel" 
haps in a less degree, other weakened areas 

We have now to consider the reason for the carriage of such 
enormous quantities of iron and their concentration along these 
lines of weakness; for, although the weakness renders these 
areas peculiarly subject to ferration. yet there must have been 
an unusual supply of iron also. This unusual supply of iron will 
depend wholly upon the supply of the waters which bear this 
iron, for in any given quantity of waters which penetrate the 
oxidizable reg-ion the supply of iron is somewhat constant, and 
is near the limit of saturation. We will therefore consider the 
influence of the development of faults and other zones of weak· 
ness upon the supply of waters. 

We have already seen that the waters which have accom· 
plished these changes are primarily surfaee drainage waters, 
which sink into the porous rocks. In explorations under
ground, as in wells, mines, test'pits, and tbe like, it is found 
that there is at the surface a porous zone in which the fissures 
are filled mainly with air, except for the downward percolat
ing waters which trickle as near as may be in a vertical direc· 
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tion. At a certain definite depth, however, the excavation 
ra.pidly fills with wa.ter, showing that the surface of a consider 
able body of water has beeu reached.*" From this point down
ward, the water fills all the crevices in the rock, and its course 
can no longer be vertical; for the body of ground· water has 

, 
£ , 

no apparentmotion. Butwhere 
this ground·water level has 
been determined in several 
places in the same neighbor
hood, it is found that the points 
which represent the ground. 
water level in the different pits 
are in a plane which is not 
horizontal. but is steeply in
clined towards the lowest point 
of the region, or whatever 
point offers the readiest relief 
to the hydrostatic pressure. 
(See F ig. 12). Down this 
p lane. therefore, the whole 
body of surface waters slowly 
moves, to once more reach the 
surface at a lower point. as 
springs. 

"The total difference," says Pose
pnY,t "in allltude between the 
water-level and the ~urface outlet is 
always tbe controlling factOr . 

" When these t wo controlling 
levels are artificially changed, as 
otten bappens in mining, the law 
still operates. In sin king a shaft 
through permeable ground, it III of 
course necessary to 11ft continuously 
the ground-water. The water·level 
thus acquires an inclination 
towards the shaft, which may thus 
receive not only the flow or tbe im

mediate vicinity but even also that or neighboring valley-syst.erus. A 
shaft Imparts to the pre\'iously plane water-level a oepression, givi ng it 
the form of an lovert.ed conoid with parabollc generatrix . An adit pro
dur,~s a prismatic depression In the water-level, and so OD for other ex
cavatioos. 00 the other hand, a bore-hole, from which the water Is not 
removed, does not affect the water-level. " 

'See POliepuy. TrailS. Am. lnst. Mill. Eng_. August. 1S93. The Genesis or Ore De
posits. p. 11. trom which certain of these sta.w",en ts are adapted. 

'Op. elt. p. 17. 
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The opening of any great zone of wea·kness such · as that 
which attends a fault. would bring about an important change 
in t.he circulation of t.he surfa~e wa.ters. The waters in the 
vicinity would find their easiest. passage into this fissure. The 
plane which represented the water-level before the formation 
of the fissure would be divided 
into two planes. eacb sloping 
towards the fissure. and the 
course of these two currents 
would be quite diffe rent from 
the course of the drainage be
fore the formatiou of the 
fault. In other words, a pris' 
matic depression of the water
level, likA that produced arti · 
ficially by anadit, but on a 
much grander scale, woutd be 
produced; and there would be 
deflected into t.his opening all 
the drainage waters of a large 
surrounding region, the size 
of this area depending upon 
the size of the fissure. The 
development of a vert.ical zone 
of weakness, which yet did not 
develop into a fault, would con· 
stitute a region permeable by 
water. and would ha.ve the same 
effect upon the drainage. 
though in a less degree. If 
tbe fissure should he slight, 
a.nd tight at the bottom, it 
would soon become filled with 
water, the flow into it would 
cease, and the water-level 

~ , 
" , , 
" < 

I II 
woutd be restored to its old plane; but almost all wa.ys 
this fissure communicates with another lower down, or 
with another porous stratum, and thus the circulation estab· 
lished becomes pe rmanent. Especially is this true in the case 
of faults and similar dislocations, which extend to grea.t depth 
with little diminution of importance, and somewhere in their 
downwa.rd course almost inevitably meet with some passage
wa.y for the waters to reach the surface aga.in. (See Fig. 13). 
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Faul ts such as those which have attended the uplift of the 
V irginia. area would weaken the rocks through which they 
pass for a. considerable distance from the a.ctualline or lines of 
dislocation. The dimensions of this &r.ea., and the intensity of 
the stra.in ing, would depend upon the quali ties of the rooks 
\'Vhich were thus opera.ted u pon. Thus of the three most im
portant members on the Mesabi-the upper slate member, the 
iron-bearing member and th e qua.rtzyte member- the quartzyte 
would undergo lea.st comminution and would be at the end of 
the process least porous of a.ny; for from its rig id a.nd brittle 
na.ture, the strains would be relieved by sharp fractures, while 
the interstitial spaces would remain as impenetrable as ever. 
Next in point of strength would come the sla.'es, where there 
would be developed a considerable degree of porosity. Wea.kest 
of all. in general, would be the iron-bearing member, in its 
more ordinary phases; fOr here the general decomposi~ioll 

would already have rendered the rock partially disintegra.ted 
a.nd porous. All the ma.terials, mor eover, are very finely di
vided, and the application of the strain would p roduce in this 
member a vastly la.rger a.rea. of weakness than in the others, 
but especia1Jy than in the underlying quartzyle. The areas of 
general interstitial wea.kness, therefore, which result from a. 
fault like that at Virginia. may be represented dia.grammatic' 
ally by figure 14. 

F igura H. 
Theoretical &ection I\CI'01iS t he F ault " e", r Verginla. showJulI" the relative sl.<) at tbe 

areas of welllkneu developed III the diffe rent strata by the fa.u ltlnll' nlOVewen t. 
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Where there is no fracturing, the qua.rtzyte which lies below 
the iron· bearing meml:>er has very few joint· planes or other fis· 
sures, and so forms a stratum practically impermeable to water. 
On the other hand, the iron·bearing member as a whole is 
porous, and affords the easiest passage for aU surface waters. 
Roughly speaking, therefore, the thickness of surface waters 
is the distance between the ground·water level and the top of 
the quartzyte. The quartzyte forms the water shed along 
which, and through the iron·bearing rocks, the drainage waters 
pass to the poillt of least pressure. The waters which are de· 
flected into the newly·formed fissure will then, in the first place, 
be very highly charged with iron, since their passage has been 
entirely through the iron rocks; in the second place, nearly all 
will emerge into the weakened area at that point where the 
fault crosses the bottom of the iron· bearing member. At this 
puint the chalybeate waters will deposit their iron, take up 
silica, and pass on in the same direction, along the surface of 
the still only partially penetrable quartzyte, till, with the ap· 
proach to the actual plane of dislocation, the fracturing of the 
quartzyte develops sufficiently to allow the waters to penetrate 
downward. What little iron they still contain may be deposited 
in the very topmost parts of the quartzyte, and silica taken 
up in return; but on account of the coarsely crystalline 
nature of the silica the process of replacement is extremely 
slow, as compared with that of the cryptocrystalline or 
chalcedonic silica of the iron· bearing member; so that it has 
never been found that such replacement has any commercial 
importance; moreover, the supply of iron in the waters by the 
time tha.t they reach the quartzyte Is so slight that it is soon 
exhausted. and the silica· bearing waters go on downward, de. 
positing their silica. if opportunity offers, especially as the en· 
largements of the original sand·grains, or retaining it a.nd re
appearing at the surface as siliceous springs. 

The first deposition of iron, therefore, will be a thin film 
lying directly upon the quartzyte, beginning in that part which 
is furthest from the actual plane of dislocation, a.nd where the 
oxidation is slight, in a very poor seam. This gradually in· 
creases till at the first point of free oxidation it becomes rich· 
est, for here most of the iron is deposited. From this point to 
the chief fault-plane it becomes successively poorer, for, 
although the oxidation gradually increases, yet the quantity 
of iron to be precipitated diminishes with greater rapidity. 
At the same time, what iron, silica, and other substa.nces 
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have been deposited in the fault-fractures or even the inter
stices of the strained rock (whether it be of the iron
bearing member, the quartzyte, or any ODe of the formations 
which may exist further down, along the course of the 
underground waters) , diminish the volume of these passages, 
although to so slight a degree that it appears infinitesimal. 
But this principle is extremely important, for every particle 
which is deposited thus along the water-ways, in diminishing 
their size, diminishes the quantity of water which may escape 
within a given time. T he quantity of drainage water which 
may escape through this fissure being thus diminished, the 
prismatic depression in the original plane of drainage becomes 
less important, for the line aJong the fault where converge the 
two new planes of ground-water surface, which follows the 
drainage created by the dislocation, rises siightly and the plane 
angle becomes slightly more obtuse. From this decrease in 
the inclination of the ground· water level pla.nes it follows that 
the area drained by them diUlinishes slightly, and that on the 
borders of the area a small ou~er rim returns to the drainage 
which it followed before the deflection by the formation of the 
fracture. 

In the next deposited layer, the ground-water level will be 
somewhat higher than at the first. hence a thin layer which 
was not affected at first becomes oxidized. The outline of this 
new superimposed layer is convex, like the first, but the circle 
of which it is an arc is a much larger one than that of the first 
layer. This arises from the fact that the ground-water level 
has been heightened almost imperceptibly, while the amount 
of iron in the waters is as great as before; thus when the solu
tions reach the first plane of free oxidation, where was formed 
the thickest parts of our theoretical first layer, it does not part 
with so much of its iron as did the first solution. For the 
greater part of it passes through the same rock as did the first, 
where the previous deposition has diminished the capability of 
replacement; moreover, the layer of unaffected rock at the 
top, whose thickness is represented by the difference in the 
ground-water level of the first and of the second solutions, is 
extremely thin. Thus the waters pass on, and deposit their 
maximum amount of iron a little further on than before. 
These layers are repeated an infinite number of times, till the 
richest part of the layers is deposited at the plane of greatest 
dislocation_ We have now arrived at the stage when the 
accnmulations are important enough to allow their observation 
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in the field_ We have, at the bottom of the iron-bearing mem
ber, a thin seam of iron, of nearly constant thickness, resting 
upon the basal quartzyte and extending as far laterally as does 
the zone of weakness of the iron-bearing member, and with a 
general tendency to be rich-
est in the zones of greatest 
weakness, and poorer as the 
distance from those zones 
increases. 

The subsequent history of 
the formation of ore-depos
its along these zones of 
weakness is only a. repetition 
of these first steps. The 
chalybeate drainage waters, 
by their conti nual deposi
tion of iron and their leach_ 
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underground area which sends its w the weak zone 
becomes correspondingly smaller. In end, there must 
result the replacement of nea rl.y all of the silica of the weak 
zone of the original iron-bearing member by iron. This means 
an immense ore-deposit_ The original fissure will also have 
been chiefly or wholly filled, and the drainage gradually re
stored to the single plane which it occupied before the catas
trophe which induced the formation of the zone of weakness_ 
It is to be remarked, however, that that portion of the rocks 
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which lies a.bove the restored ground-water level may never 
become completely ferrated, and, indeed, this is the normal 
case. It is true that in most ore-deposits at the present day 
the ore lies at the surface, directly below the glacial drift; but 
it is probable that in nearly every case there once existed above 
It a "capping" of less altered rock, which, together with some 
of the are, bas been long since removed by erosion. There are 
moreover, several well·authenticated cases of siliceous cap pings 
of no great thickness overlying deposits of good are, a.nd ,these 
must be explained in this way. (See Figs. 15 and 16). 

FIJ ure 16. 
Theoretica.l sec tion, sbowlng fo rmatio n of ore-deposlt!lln the weakened zOne. 

along the a.xl! o t aD ant!clinal told . 

Evidence of the gradual filling of these spaces, which we 
may properly call are· basins, has already been given in the 
discussion of thin sections, where it is found that a rock which 
has been leached of its iron (in this case generally without re
placement by silica) and thus reduced to a porous or semi pul
verulent state, was afterwards. by the rise of the level of the 
ferrating wawrs, saturated with irou, and changed into are. 
'.rhis has been particularly well observed in the siliceous rocks 
which form the rim of the Mountain Iron and Virginia basins. 
Bnt in nearly every test· pit the transition of paint-rock to are 
illustrates this. The paint-rock, as already described, is ori· 
ginally only the leached and decomposed residual product of 
the decay of the primitive iron·bearing rock; but this bas be
come subsequently stained with iron. As we go dvwn, the 
richness in iron increases, till streaks of material which may be 
classed as lean are are found, and finally the gradation leads 
to the actual ore-deposit. The paint-rock which thus by sat 
uration becomes transformed into are had first contributed all 
of its iron to the lower levels of the ore·deposit, but with the 
filling up of the basin it has it&elf become aga.in thoroughly 
ferrated. 
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Influence of Dikes on Ore-Deposits. 

To recapitulate, the ca.use of the largest ore·deposits on the 
Mesabi is believed to depend 'upon the development of regional 
fractures or lines of weakness. So far as has been observed. 
there arB no other points of difference between the rocks which 
have formed the ore-bodies and t he rocks in the other parts of 
the member. Irving and Va.n Hise* have shown for the Pe· 
nokee region that the ore·deposits are associated with under
lying dikes, which are so arranged with the basal quartzyre as 
to form basins in which the ore is believed to have been can· 
centrated; but on the whole Western Mesabi. so far as is known, 
there has been found no trace of any dike or other igneous 
rock in the Animikie. If such dikes existed, it is probable 
that near them would be formed ore·deposits. If the dikes 
formed troughs with themselves or with an impenetrable stra· 
tum like the basal quartzyte, the are bodies might occur in the 
manner described in Michigan and Wisconsi.n. 

But even if no such troughs were formed ore might accumu 
late near the dikes, partly on account of the less easily pene
trable stratum which they would form, but chiefly on account 
of the weakening of the iron·bearing rock under the shearing 
which accompanied the introduction of the dike. We should 
then have this succession: First the harder, unsheal'ed rock of 
the iron · bearing member ; next the sheared and oxygenated 
zone lying on the upper side of the dike, and having its maxi
mum of weakness not far from the dike itself; next the hard, 
nearly impermeable igneous rock; below this another strained 
and oxygenated zone; and finally the hard llnstrained, siliceous 
iron-bearing rock, or the basal quartzyte. When these layers 
outcrop at the surface, drainage waters find two porous layers, 
lying on either side of the impermeable dike; and there are 
formed two chief underground channels, the one above, with 
its water resting upon the dike; and the other below, with its 
water resting u pon the lower hard s t·ratum of iron-bearing 
rock, or upon the quartzyte, according to the location and di_ 
rectio~ of the dike; and both bodies of water have about the 
same course. This circulation would begin immediately after 
the in trusion of the dike, and the chalybeate waters would pro
ceed to replace the weakened siliceous rock through whiCh 
they passed and to deposit iron. In both channels those solu
tions which were most highly charged with iron would sink by 

"Telltb AliI). R ep. U. S . Geol. Survey. pp.400-m; a18o pl .. tes XXXVI and XXXVII. 
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reason of their greater weight, and would lie closest the foot· 
wall. I n the upper porous stratum this lowest part would also 
be the zone of greatest weakness, thus allowing the passage of 
a greater amount of waters within a given time than any other 
part of the stratum; this therefore, is also the zone of easiest 
replacement, so that the same quantity of a. solution of given 
strength will replace more silica here within a given time than 
in any other part of the stratum. So the first deposi tion of iron 
will be upon the foot· wall of dike rock, and from this the are· 
body will grow upward. In the lower channel the conditions 
are somewhat different. Rere, again, the richest solutions tend 
to concentrate at the bottom; but, at the same time the zone of 
greatest weakness, of freest passage and mos~ rapid replace 
ment. is nea.r the top, in the vicinity of the dike. So here the 
results of the first stages of deposition will be distributed more 
uniformly , partly in the lower, partly in the higher zones. and 
the rate of growth in the different zones will remain more 
nearly uniform till the process of replacement is quite com· 
pleted. If a section should be made through the upper and the 
lower permeable strata, before the process of replacement is 
completed, there would probably be encountered at the upper 
layers of the upper permeable stra.tum, a. lean, little·ferrated 
rock; at the lower layers of the same stratum, resting upon 
the dike, a deposit of rich ore; below the dike. a somewhat 
ferrated rock of lean siliceous are, which should have some 
uniformity in all its layers, even down to its foot·walL If. 
however. the section should be made in a case where the ferra· 
tion was complete. there would be found, in place of the 
original permeable strata, deposits of are both above and 
below tihe dike, that below being usually poorer and some· 
times nearly absent, depending upon the relative permeability 
of the underlying rock* It will be seen that this class of ore
deposits, which are not known on the Mesabi, are still included 
in the general statement made for the Mesabi, that" the cause 
of the largest ore-deposits is believed to depend upon the 
development of regional fractures or lines of weakness." 

On the Mesabi, however. the cause of the regional fractures 
is folding and fa.ulting, and not the intrusion of dikes. The 
date of this regional disturbance is very ancient, for the time 
necessary for the accumulation of thp.se great ore-deposits is 

· C. R. V,m H Ise.lt()n Ores 01 tile Marquette DIstrIct of MIchIgan. Am. Jour" . ScI. 
Vol XLIlI, February. 18ll2. p. 123. FlguNlS sho"lng IlCcureDces of Ore In thO! ~h..
quette region. ID F lgurel deposlts otore are seeD on both Sides of a venlcal dlko. 
These depOSits are about equal In size. aDd botb re~t on chert. 
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immense; so they are all hypothetically assigned to the same 
age as the greatest. of them, the Virginia. uplift, and this, with 
the tilting and corrugation of the Animikie stra.ta., has been as
signed to the Keweena wa n. 

Besides this chief cause, 
there are others which some
times give rise to regions of 
especial weakness, which then 
become in time ore bodies. 
Ore· bodies developed in this 
way are smaller, but they are 
often of economic value. First 
may be mentioned the produc· 
tion of strain originating in 
the iron-bearing member, and 
caused by the chemical chang· 
es in it. These straiJ;ts pro
duce often faulting, breccia
tion, folding, or, most often, 
simply the development of an 
area of greater weakness than 
the surrounding rock. The 
effect of these upon the forma
tion of ore-deposits is to be ex
plained in the same way as the 
effect of the regional catastro
phes, since they differ only in 
being of much less magni
tude, on account of their being 
produced by a less powerful 
force. To this cause probably 
owe their origin many of the 
smaller and less 1m portant ore
bodies. Still a third class, 
which in some cases becomes of 
some importance, has no connection with any dislocation of the 
rock; the permeable stratum lies at the surface, and has been 
rendered porous by the weathering of surface agen ts, with 
no apparent auxiliary force. At the bottom of this wea.th 
ered stratum the hard, little·decomposfld rock forms a foot· 
wall, u pon Which, under favorable conditions. the building 
of a deposit of ore commences, which, as in other cases, 
grows upward by successive additions. (See Fig. 17). The 

! 
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process is practically the same as before. Those waters 
which have traveled for a long distance laterally a.long the 
foot-wall of hard rock become saturated with iron. They 
are being continually joined by others which come more di
rectly from the surface, and so are more highly oxygenated. 
The first effect of the meeting of such solutions would be that 
the oxygen would precipitate from the saturated solution a. 
certain quantity of its iron as the oxide; and in this way the 
ore was formed. After the oxygen, however, has been sepa
rated from the waters by the precipitation of the oxide, these 
waters, by reason of their dilution, are enabled to take into 
solution a r enewed amount of iron, which they carryon, all 
the time depositing a certain amount in concentrated form and 
taking fresh material into solution from its disseminated state. 
We are best able to identify this third class where there is a 
thin covering of the upper slate member. thus making it cer
tain that we have in the upper permea.ble stratum of the iron
bearing member a zone which represents the original surface; 
and cannot possibly be a weak zone from above which the 
harder rocks have been removed by erosion produced within 
the member by some mechanical force. An example of this 
bas already been mentioned. the drill·hole near McKi.nley, of 
which the record, kindly supplied by Mr. H. V. Winchell, is 
as follows: (See Fig. 10). 

Swamp and glacial drift matdiaL ... . ... _. . ...... .... 51 teet. 
Slates ............................ ... ..... . ............... . as " 
Porous IroJ]-beario~ ruck (somewhat leached) .. . . . .... .... 15 " 
Hard hematite .......................... _............. 4 " 
Hard, impermeable Iron-hearing rock pa.ssed through to 
tbe thickness or 39 feet., and then lohe boring was stopped. 

A pit sunk by Longyear through the slates in the basin of 
Embarras lake encountered in the upper horizon of the iroll' 
bearing member below, the same phenomenon of lean ore. 

When by unequal surface decay there has been formed a 
depression in the foot· wall of less altered rock, this depression 
will be made the recep tacle for a larger and more permanent 
body of water than other parts of the surface. Hence deposi
tion and replacement will go on here more rapidly, and in time 
this ore · basin will be filled. As in the nature of the rocks and 
of the decomposing processes, the conditions are so varying 
that such depressions must constantly occur, they may be often 
of such extent as ro gi.ve rise to ore-bodies of economic im· 
portance. 
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STRUCTURAL PECULIARITI ES OF ORE UEPOSITS_ 

The chief structual features of ore deposits, which are not 
shared by the other rocks of the iron-bearing member, are the 
often well -developed bedded or laminated appearance, and the 
frequent contortions and faultings of these layers_ 

It is hardly necessary to reiterate that the laminated struc
ture has nothing to do with stratification. This is quite suffi
ciently proven when it is remembered that the ore-deposits 
represent the extreme result of all the decomposing and reor
ganizing influences which have affected t.he iron-bearing rock, 
and so, if any trace of the original structure r emained, it would 
be much fainter than in the less altered rocks. But as a mat· 
tel' of fact, there is in the f reshest rocks no trace of any bed
ding, or even of any parallel structure; with the progression 
of the decomposition and rearrangement, however, a rough 
banded structure begins to be present. and with the change in 
the rocks and the obliteration of the original structure, the 
bands grow more numerous and more perfect. The growth 
and cause of these bands has already been ascertained; and in 
the extreme of the normal process, which is represented by 
the jasper and iron, the alternating bands of iron and silica are 
often very perfect and beautifuL But in the extreme of the 
oxidation and concentration process, which is represented by 
the ore· bodies, the alteration has gone further yet, and as a 
result the laminre are still closer together and more regular. 
The cause of their formation is p recisely the same as for the 
coarser bands. In the more altered rocks, where the carbon
ate has all been oxidized, it has been shown that the multipli
cation of the horizontal jointing brings the jOint-planes so 
close together that the result resembles slaty cleavage. As 
the free oxidation which produces this s tructure is also the 
essential condition for the formation of ore·deposits, it happens 
tha.t th is much-jointed rock and the ore are found often very 
closely associated; as, for example, at Virginia, at the Ohio 
mine. When this rock is replaced, the first bands of iron a.re 
formed along the joint·planes. as are all other bands in other 
phases (Jf the rock; and the rock lying between the jOint.-planes 
is not replaced till later. Thus the different ages and condi
tions of formation are preserved in the completely ferrated 
rock, and form the laminoo of the ore. These laminre a,re 
marked, at the present time, by alternations of lighter and 
darker bands, of which the former contain less iron and more 

130 
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combined water than the latter. The darker layers. in this 
case, may be asumed to ha.ve been the first formed along the 
joint-planes; and the lighter ones, the spaces of rock between 
them, which was first pa.rtially leached and then fenated. 

The laminated structure of ore-bodies is a very common 
feature, both in sedimenta.ry and igneous rocks. Judd· bas 
described ma.ny such cases in England, in ore-bodies which 
have been formed by the replacement of limestone. We quote 
briefly: 

The accumulation of oxide of iron, in iamlol:e roughly parallel with 
the bedding and jointing ot the rock, is by 00 means peculiar to the 
Nortbamptonsbireure. * .. * * From a study or 'a large Dumber of 
these cases, we are Jed to the cOOCIUSIUD that In 8011 of them the penet.ra
tion of atmospberic water is the cause. .. * * * 

He then explains the chemistry of the process in the same 
way that we have a.lrea.dy explained the formation of the 
coa.rser bands in the less 801 tered rock. 

Posepny, t in the discussion of "Deposits in Crysta.lline 
Schists and Eruptive Rocks," makes the following remark: 

Many Indications, available In the distinctively sedimentary rocks as 
guides in tbedetermination of tbe relative age of their ore-deposits, are 
here wanting. The bedding becomes more and more obscure, and Is no 
longer distinguishable from the cleavage. Many at the ore-deposits in 
these rocks hal'e also become in whole or In part crystalline, adjusting 
t hemselves to the prevailing stratification or cleavage, so that most at 
them present a bed-like structure and form. Wboever believes in the 
contemporaneous origin at ores with the rocks will not trouble hlmseU 
h~re with genetic speculations, but will see In these depo!'its simply "ore-
beds," according to the old classiH.cations. 

In this connection he cites the case of the zinc-blende deposit 
of Ammeberg,t in Sweden, a case of replacement of the original 
rock : 

In a winding line * ": * occur steeply dipping beds at goels.'! In 
graoullte. * * * At certain points they show very beautiful close 
folds. At fir!; tglance they seem t.o h~ genuine intercalated beds at the 
same age as the rocks. The ores, however, do not continue aloog t he 
whole line, but form separate len..es, up to 15 meters (49 feet) thick, which 
show a distinct stratificatioo, consistiog in layers 01 H.oe-grained to 
amorphous material resembllng Mlkflinta, alternating with the coarser 
granulite. * * * The entrance of t.he are Into the coarsely crystalline 
layers seems to have been attended by an enlargement of their volume., 
which resulted io their breaklng ~brough the dense layers. 

*Tbe Goology of Rutland. ew., by J. W. Judd, p. 130. " Mode of Formation of tbe 
~ortb"mptonsblre hon Ore." 

tThe Genesis of Ore Depo, jt.s, p . l26. 
Hbld .. p . 12\1. 
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The same explanation Is required tor some parts or the bed, in which, 
between the two plane surfaces of two fine-grained, loane n strata, ore 
occurs In higbly folded and contorted layers. This folding Is due by no 
means to an extorlor mechan ical enetllY, but to interior chemical rorces. .. .. ~ .. 

This Ammeberg deposit, tohen, Lhough so distinctively bedded, is by no 
means of primItive origin ... .. .. . 

The contortions of the laminae in the ore deposits is often 
very grea.t, and there ma.y also result bults and folds . The 
fact that these faults and folds a.re confined to the are body and 
do not extend to the less a.ltered rock which surrounds it; more · 
over, and found nowhere except in the are bodies, shows that 
the disturbance has taken place since the concentration of t,he 
are. It also shows that the force which led to the folding has 
probably originated within the are body itself. These can· 
tortions a.re particularly abrupt where the ore abuts against a. 
hard unyielding wall of less altered rock. A good case of this 
was seen at the Hale mine, near Merritt, where the are rests 
on its northern side directly upon the hard schist of the Kee· 
watin. Here there have been developed much broken cantor· 
tions, and the general position df the layers has been changed 
so tha.t they dip to the south about forty·five degrees. The na· 
ture of these contortions makes it clear that the la.minoo of are 
have been pushed laterally against the unyielding wall of 
schist, and that the folds are the result of this compression. 
The force which ca.used the motion, therefore, was confined to 
the are body, and did not affect the schist, and so it could not 
have been due to any regional disturbance. In other mines, 
such a.s the Ohio at Virginia, the same thing was noted, and 
here, as at th e Hale, the contorted la.yers were nf'a.r a bounding 
wall of hard rock. . 

It seems to be the case that the contortions are uniformly 
greater and the laminre more pronounced, near the surface, while 
with increasing depth the are becomes uniformly and evenly 
bedded, the layers running in a. nearly horizontal direction . 
With this diminution of the disturbance there is also associated 
a change in the nature of the are; at the top there is apt to be, 
as seen in many of the mines of the Biwabik group,· a zone of 
the highly hydrated yellow limonite or gothite. While this is 
a surface deposit, it is often of considerable thickness. The 
are at the Hale mine of this character. Going downwa.rd. the 
ore changes, till there is reached the granular ,. blue hematite, " 
which is th~ best and purest are. The cbange is primarily a 

-T ",entletb Ann. Rep. Min". Ge·ol. and Na.t. Hlst. Survey. p. 136. a.nd plat<! I. 
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decrease in hydration. We thus find that the steep fold ing is 
in the first place confined to the ore bodies, and, in the second 
place, chiefly to the hydrated portions of those are bodies. 
We may now easily understand the ca.uses of the force which 
has produced this folding. 

We may assume that the hydration of the upper horizons 
was subsequent to the formation of the ore-body. By the pro
cesses of replacement, there should have heen originally DO 
great difference in the condition of the are deposited in differ
ent horizons. This original state was probably a somewhat 
hydrated sesquioxide. After the concentration of the iron in 
this form, the force of the crystallizing motive led to the de
hydration of this oxide and the clustering of the earthy mass 
into crystalline grains of hematite, thus producing the" blue 
granular" are. This hematite is considered the best, not only 
on account of its comparative freedom from combined water, 
but because the process of crystallization has somewhat puri· 
fied the ore by the exclusion of many of the impurities, such as 
phosphorus. The are, by its crystallization, is rendered very 
porous, and so the waters act. with increased energy, and have 
operated to carry off those impurities which were not taken up 
by the crystallizing iron. So the blue hematite is ordinarily a 
high·grade bessemer are. 

When, however, by the process of erosion, it arrives that the 
overlying horizons are stripped off, and this crystalline hema· 
tite is brought ro the surface, the great quantities of surface 
waters begin to affect the upper layers of the hematite and to 
change it into hydrated varieties. Among these limonite and 
gBthite may be named, but there appears to be very milony 
stages of hydration. as indicated by the gradually changing 
color of the are on proceeding from the bright yellow limonite 
to the blue·blaek granular hematite. 

The change from the' anhydrous to the hydrous variety in
volves an increase in volume, in the same manner as does the 
change from the oxide to the carbonate, before described. If 
we take the change from anhydrous hematite to limonite as a 
typical example, the reaction which takes place may be ex· 
p ressed as follows: 

2Fe 2 0 3 +3H 20= Fe~OuHG ' 

By the addition of the combined water there is an increase 
in weight from any given quantity of hematite to the quantity 
of limonite thence derived of about 14.5 per cent. Since the 
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density of limonite is somewhat less than that of hematite, the 
increase of volume would be somewhat greater. As, in this 
case, the rock cOllsists entirely of ore, this must be the degree 
of expansion of the whole rock-mass a.tt.endant upon its com
plete hydration; although the amount would not be so great 
where the hydration was only partiaL Some of this expa.nsion 
would be relieved in the interst.itial spaces, and the result 
would be to make the are somewhat earthy; the rest has caused 
the crumbling and folding of the highly hydrated horizons. 

With the reduction of the iron to the earthy and hydrated 
state, it becomes a more active absorbent of impurities, and 
one of these, phosphoric acid, which is contained in very small 
qnantities iu nearly all waters, is especially injurious to the 
commercial value of the are, and brings it in many cases out of 
the bessemer limit. * 

THE EASTERN MESABI. 

What has been hitherto written has been chiefly concerning 
the Western Mesabi. It may be now well to inquire the cause 
of the peculiarities of the iron· bearing member npou the 
Eastern Mesabi, especially the reason for its comparative un
productiveness of large bodies of concentrated ore. In this can· 
nection it is necessary to consider the attitude of the Animikie 
strata, and the cause, for, although this topic properly concerns 
the whole Animikie series, yet its application is here of the 
greatest importance. It has been previously suggested that 
the tilting of the strata was probably due to the weight of the 
Keweenawan lavas, as is shown by the inclination of the strata. 
towards these massive igneous rocks, tbe increase of distur· 
bance as these areas are approacbed, and the comparative 
freedom from any action in the region most remote. Upon the 
Eastern Mesabi the Animikie stra.ta are pierced and inter
mingled with the northern border of the Keweenawan rocks, 
so that their normal attitude is often much disturbed, and the 
true stratigraphy rendered very puzzling. As we go away 
from here, both to the south west along the Western Mesabi, 
and to the north·east along the International Boundary divi
sion, the disturbance grows progressively less. With this 
change there is a.ssociated another, in the iron-bearing me mber, 
which is best shown going south·west along the Western Me· 
sabi; for in the opposite direction the iron·bearing member is 
not well-developed. This is a progressive decrease of the 
. <Twentieth Ann, Rep. Mlnne90ta u..ol. Survey. p. 137. 
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crystalline state of the silica., and the magnetitic state of the 
iron. Nearly all the iron of the Eastern Mesabi is magnetic, 
whether concentrated into bands or small ore· bodies, or dis
seminated through the rock in shots or grains. It is further· 
more associated with hard, crystalline silica. But as we get. 
out of the immediate vicinity of the Keweenawan rocks, the 
quantity of magnetite rapidly decreases, although . it is found 
sparingly throughout the whole extent of the Western MesaH 
even as far as Pokegama :falls. But, on the whole, nearly all 
the iron on the Western Mesabi is hematitic or limonitic, and 
nea.rly all all the Eastern Mesabi is magnetic. It is probable, 
therefore, that this change in the nature of the rocks is COn· 
nected with the decrease in disturbance of the strata. and that' 
both were accomplished at thfl same time by the advent of the 
Keweenawan rocks. These views were first expressed by Mr. 
Horace V. Winchell. * The magnetiw in the Eastern Mesabi 
rocks is scattered in snch a way as to show that it is the result 
of a concentration like that observed going on upon the Western 
Mesabi; but in the latter place it seems probable that the iron is 
rarely or never deposited as magnetite in such concentrated 
fanus, but always as the earthy, more or less hydrated sesquiox· 
ide. On the Eastern Mesabi. therefore, it must be that this iron 
was originally in the state of the sesquioxide, and that at the Ke
weenawan time it became magnetic. We may then account for 
this magnetization in two ways. First, the direct heat of the 
igneous rocks. This would change to the crystalline and mag
netic condition the semi·concentrated silica and iron for.a con
siderable zone, perhaps for several miles, for the influence of 
a very slight degree of hea.t, if long continued, is quite suffi
cient to produce the magnetization of hematite. Second, and 
most important. the indirect application of heat through the 
disturbances which tbe Keweenawan rocks produced in the 
Animikie strata. Near the centre of disturbance, the internal 
heat developed by these movements must have been sufficient 
to completely magnetize the iron; while with the increasing 
distance the heat, and therefore the magnetizing influence di
minished. But as there was some disturbance felt along tbe 
wbole length of the Mesabi, so we find some small magnetizing 
action quite to the end of the range. 

The effect of this contact and regional metamorphism 
would be to render comparatively stable the minerals of the 
iron-bearing rock, by subjecting them to a rapid crysta.llizing 

'Tweutlel·b Ann. Rep~. hllnn .. 04001. and Nat. Bls~ . Sun".)'. PI'. 120_121, [Ond PI'. 131-1 36. 
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action. The result would be a good deal like what has been 
indicaWd as the tinal stage of the norma.l process of decompn. 
sitioD and rearrangement, under ordinary atmospheric influ
ences: the molecules of iron and of silica, from tbeir loosely 
united state in the earthy hematite and the cryptocrystalline 
silica.. became firmly bound together by the crystallizing force, 
and thus become comparatively stable and resistant to the 
degrading effects of at.mospheric agents. By this violent 
method the process of decomposition and concentl'ation was 
brought to a sudden close; the attainment of stability was 
accomplished suddenly. and without the extreme concentration 
that was necessary under ordinary atmospheric conditions alone. 
We ma.y believe, therefore, that since Keweenawan time the 
changes in the rocks of the Eastern Mesabi, and the oxidation 
and concentration of iron, have not been great. But upon the 
little-a.ffected Western Mesabi , the processes of concentration. 
which were alrea.dy well advanced, suffered only a slight check, 
and continued up to the present day. This is probably the 
reason for the poverty in large ore-deposits of the Eastern 
Mesabi. The are there, roughly speaking, represents the 
concentration as accomplished up to the Keweenawan epoch , 
while that on the western part of the range represents the un
interrupted result of the concentrating forces down to the 
present time_ 

ORJ::S IN THE CRETACEOUS OF THE WESTERN MESABr. 

The Cretaceous occurs in small residual patcqes on the 
Western Mesabi, as has been described. Its most common 
form of occurrencp. is as a conglomerate which is generallyal
most entirely made up of fragments from the iron·bearing 
member, which in each case it has be€'n found overlying . This 
conglomerate has been found, first, in ·the southwest quarter of 
section 20, T . 58·19, where it has been positively identified * be· 
cause of the associated fossil· bearing shale. It has also been 
found in the southeast of the northeast quarter of section 6, 
T . 58_17. Finally, a conglomera.te which resembles tha.t of the 
other two localities, and belongs probably to the same horizon, 
is found in the northeast of the northeast of section 10, T . 58· 
18. The ma.terial of which these conglomerates are composed, 
a.nd which has been derived from the iron·bearing rocks, is 
found here in all stages of the transitional changes. Not only 

*SorlLce Y. WInChell. Am. Geo\ .. Oetober, 18\13. No te 0 0 Creheeou ~ 10 Nort bero 
MinoesotlL, p. 221. 
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the fragments, but the cement between them is thus com· 
posed, and many things go to show that these materials have 
undergone much chemical change since the time they were 
broken from their original beds and incorporated in the Creta
ceous conglomerates. One of the commonest of these is the 
complete and almost general ferration, in many parts. The 
fragments and cement alike, have been penetrated by the iron 
oxide, and the conglomerate bas thus been transformed into a 
bard mass of lea.n iron are, breaking with a. conchoidal frac
ture. This are is gray and often partly magnetic, but is 
distinguished from the other ores of the range by its large 
content of sulpbur, wbich, in the form of pyrites, usually gives 
a yellow tinge to the mass. In other specimens there has been 
aleaching withoutmuchferration, and as a result, the whole con
glomerate is made up of a mass of soft decomposition powder or 
hardened paint· rock; in this case the fragments are often not 
so completely changed as the more finely divided cement, and 
contain, in the centre, hard siliceous residual cores which re
semble some of tbe stained cherty or finely siliceous varieties 
of the rock as we find them in place. In the conglomera.te in 
section 6, T. 58-17. some of the larger pebbles are even more 
plain in their story. Here was noted in the conglomerate, a 
boulder eight or ten inches in diameter, which on the outside 
seemed to be a light red paint-rock. On breaking it open, it 
was found that the centre was composed of the hard. brown, 
and siliceous conchoidal-fractured phase, which is so com mon 
in the iron-bearing member. 

But it bad gradually decomposed till it formed a. nearly white 
powder, in a zone which was parallel to the periphery, and this 
in turn had at the very outside been stained tQ form the pa int
rock. Smaller pebbles had been more completely changed, for 
the zone of decomposition had taken up more of their volume; 
and one, which was smooth in outline and subangular in shape, 
suggesting considerable attrition before being deposited, was 
composed entirely of the soft white pulverulent rock, and could 
be broken with the fingers or cut with a knife. This was about 
an inch and a half in diameter. and was plncked out from the 
conglomeratic mass in which it was imbedded. These frag· 
ments could never have retained their integrity in the midst of 
the rolling which their shape i.ndicates, had they been at the 
time of their incorporation of the same pulverulent nature as 
now; and in the larger fragment, moreover, the zonal relation 
of the decomposition products, pa.rallel to the periphery. shows 
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that all of this decomposition took place after the fragment had 
acquired its present sba-pe. These rocks, then, represent the 
action of the oxidation and concentration process, accomplished, 
for the most part, since the Cretaceous. period; whilet.he highly 
ferrated conglomerates represent the iron which has t.hus been 
leached from these decomposed and now pulverulent rocks. 
The great quantity of sulphur in these ores is accounted for by 
the organic matter in these beds, which produced abundant 
sulphuric acid . In the presence of this the iron was precipi· 
tated, and as a result, a large part of it is in the form of sulphide. 
None of this ferrated conglomerate conta.ins enough iron to 
make it of economic value in this region; and even if this were 
the case, the amount of sulphur renders it useless. 

There is no doubt, however, that much of the iron which is 
found in these conglomerates was already concentrated when 
taken into the beds, and has since undergone no great change. 
In the conglomerate in section 10, T. 58·18, a pebble of this 
iron, aboat four inches in diameter, was found, which exhibits 
great pyritization on the periphery. But this decreases in· 
wardly till in about one· third of the diameter the yelloV{ tinge 
fades away. The ferration of this pebble is equa.l and complete 
throughout. In this case the feTration and the pyritization have 
probably not been contemporaneous; but the pyrit.ization was 
subsequent to the completion of the former. Moreover, the 
zonal pyrit.izat ion shows that the process occurred after the 
pebble had assumed its present form, i. e., after its incorpora 
tion into the conglomerate ; while of the ferration there is no 
such evidence. It is probable, therefore, that most of the fer· 
ration of thi!; pebble was accomplished before Cretaceous time. 

So, in this conglomerate, there a.re both pre· Cretaceous and 
post· Cretaceous iron; and the proportion of the two is not cer· 
tain. But when we consider that even where all the evident 
changes have been post-Cretaceous the processes ha.d been uo· 
doubtedly going on for a long time previous to the formation 
of this conglomerate, even though t hey had not destroyed the 
integrity of the rocks nor succeeded in wholly separating the 
iron by concentration from the Silica, and that a large part of 
the iron was wholly concentrated in pre·Cret.a.ceous time, we 
may admit that the results of the pre·Crataceous peric-ds are 

.ra.ther more important in the introduction of iron into this can· 
glomerate than the time since. But we also conclude that the 
processes of change have been goine on as steadily in the iron 
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bearing rocks since the Cretaceous as previonsly, - not only in 
the fragments in this conglomerate, but also, necessarily, in 
the rock which was still in place. 

POST-GLACIAL CHANGES IN THE IRON ORE. 

From the time of the formation of the iron-bearing member 
to the latter part of the Keweenawa.n we have nothing definite 
by which to measure the progress of the degradational eha.nges 
in these rocks;' but at this time, if our reasoning is correct, the 
decomposition and concentration had already progressed to a 
considerable degree. From the Keweenawan to the Cretaceous, 
again, there is a gap in which there are no available records; 
but at the Cretaceous we find that the processes were going on 
as steadily as ever. From the Cretaceous on, there is no record 
till we come to the glacial epoch. So slow have been these 
stages that our studies have indicated, that the change since 
the glacial period can ha.ve very little effect; and yet there is 
evidence to show that it has still gone on, and with as great an 
apparent.. activity as ever. Occasionally, where the drift con· 
tains many fragments of the iron· bearing rock, a post· glacial 
conglomerate in small lumps has been formed. A case of this 
was seen by the writer on the line of the Duluth. Missabe & 
Northern railroad, a few miles south of Mountain Iron. The 
conglomerate was as firm as most of the ferruginous conglom· 
erates of t-he Cretaceous. The fragments were of partially fer· 
rated portions of the iron· bearing rock and of hematite; they 
were mostly angular, and with the finer matter were firmly ce· 
mented by iron oxide. This conglomerate formed a crust upon 
a large ,granite boulder, and had it not been for this circum· 
stance its appearance of solidity was so great that it would 
have been somewhat difficult to believe it of post· glacial origin. 

PERIOD OF FOHMATION OF THE ORE· DEPOSITS. 

The process of concentration of ore has gone on with few in· 
terruptions, on the Western Mesabi, from the period immedi· 
ately succeeding the formation of the iron·bearing member, 
down to the present time. Any particular deposit, however, 
may have been begun and finished at any points within this 
period, or may have been in process of formation during the. 
whole of this time. The great ore· deposits, for example, have 
been assumed to have had their real beginning in the disturb· 
ances which probably took place in the later Keweenawan 
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time; and yet the iron that was here concentrated had proba· 
bly been slowly separ ating from the rocks for a long period 
preceding. The formation of these same deposits, moreover, 
was probably completed long before the glacial period, and yet 
since that time the processes have gone all in the adjoining 
rocks, less effective, but as active. 

EFFECT OF THE GLACIAL ABRASION UPON THE ORE· DEPOSITS. 

It is quite certa.in that the amount of are upon the Mesabi 
range was considerably lessened by the scraping action of the 
ice· sheet. The ore offered practically no r esistance whatever 
to such a tremendous grinning agent, and would have all been 
carried away were it not for the protective action of the harder 
rock s. These harder rocks, whether they were, as was often 
the case, a ridge of hard granite or schist to the north, or 
merely a hard rim of the iron·bearing member itself, bore the 
weight of the ice, and so the bodies of ore escaped destruction. 
For exa.mple, in the Biwabik group, the ores rest directly 
against the ridge of the Keewatin schists to the north; and at 
Mountain Iron the rim of hard rock forms an eleva.tiun which 
bounds the ore· basin on three sides. But at both these places 
there is evidence, of the same nature as is found elsewhere. 
that the glacier has really scraped off the topmost layers of 
the are. At the Biwa.bik mine, there are included in the drift, 
which overlies the ore, large masses of paint· rock, yellow are, 

Figure 18. 

East and west!lecUon of t!l11 n ore at Mountain Iroo mbe. T o the nort~ tbls toogue 
COmeS to the s urface, sO that tblsls a transverse section of It.. Scale, 5 feet to l lll('h. 
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and even blue ore, in irregular bunches or in thin and hroke'). 
layers. At the Mountain Iron mine the ore is mingled with 
the drift in tbe most intimate wa.y at the surface. The surface 
covering of drift is fu ll of large masses of ore; a.nd in to tbe ore 
below have been inser ted wedges o f the drift. In this case 
the wedge is usually t ransverse to the horizontal str atifica.tion 
of the ore, and by its insertion the strati fication is bent and 
broken somewhat; but someHmes the wedge has been inserted 
between two hlioY6rs and para.llel with them, without disturb
ing the bedding in any great degree. (Figure 18). In still 
otber cases sections in mining show wedges of till which r un 
down vertically, transversely to the bedding, without disturb
ing it, as in Figure 19. Where these wedges have broken 

F Ig ure 19. 

:<fonh .. nd fO Ulh sectloo .. t Mo uutalo l!'Oo mloe. Ibo"lnl{wedlet Of till 10 u.:.dll
turbed SHat.:. of ore. Scale. ~ f!et to 1 Inch. 

the stratification. it is probable that t hey were forcibly 
thrust into the ore; but when the bedding is not disturbed. 
there seem to have been produced, by the motion of the ice, 
empty fissures, which were afterwards filled wi.th till. When 
the wedges are vertical. i t is probable that the weight of the 
ice has produced the t ransverse fissures; when they are horizon
tal, the ice seems to h ave lifted up the topmost layers from 
those beneath. lea.ving an empty space between; a.nd this 
empty s pace waS subsequently filled with till, the ca.vity being 
conSiderably enlarged in the process of filling. 

, 
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The formation of these narrow fissures conformable with the 
bedding is further shown by the occurre~ce of conformable 
sand_veins. They are found in considerable abundance near 
the surface (ordinarily within twenty feet). at the Mountain 
Iron mine. Many of them are quite conformable with the lay· 
ers, and are persistent for considerable distances. The sand 
is white, with a slight yellowish tinge, and is usually very fine , 
the individual rounded grains being so small that their shapes 
can be well seen only by the aid of a magnifying glass. Many 
of these veins are from one to one and a half inches wide, and 
can be traced from twenty to fifty feet. Their true nature is 
shown by the transverse veins of the same material, with which 
they are associated. aod sometimes conllected. These trans· 
verse veins connect at the upper end with the surface of the 
are and the bottom of the drift, and at the other with a con· 
formable vein or an irregular pocket of sand. These pockets 
are also a very common feature 

F igurfO 20. 

SlLnd_velu In Ore (It Mountain i ron mille. !;cal ... about 5 feet to 1 t1t Ch 

In these cases the fissures were too small to be filled by the 
direct packing of the glacier. but the glacial waters bearing iu 
suspension very fine sand from the drift, have penetra.ted them. 
(See Figure 20). In considering the formation of these trans· 
verse and conformable fissures , without any disturbance of the 
bedding, it must be remembered ,.hat at the time of this action 
the ore was cemented with frozen water. and thus rendered 
rigid. 
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That the vertical wedges which .are filled with till occupy 
transverse fissures which were caused by the increased weight 
of ice at the southern end of the Mountain Iron mine is further
shown by the structure of the are, as seen in a north and south 
section which was exposed, after some stripping a.nd mining. 
The section is shown in Figure 21. From the hase of the 

F1g 111'1l 21. 

SectIo n a t Mounta.i n Iron, I.Q illustrate t be resul t s ot t he gla Cia l &braslon. 

hard rock bluff which limits the ore-body on the north, the are 
runs south, with a gentle slope, which is somewhat greater 
than the south ward slope of the upper surface of the till, wbich 
here forms a scant covering. This is uniform for about four 
hundred yards. Then the till suddenly cuts dow n into the are 
at a st.eep angle, making a. drop of twenty or thirty feet; so 
that at the time that this observation was made the are disa.p
peared beneath the Hoor of the cut, and did not reappeHor. 
The surface, however, does not participate in this sudden drop, 
but maintains its uniform descent; and the thickness of the till 
covering consequently becomes increased by the whole amount 
of the drop. Where the drift has thus cut down across the 
nearly hurizontally bedded are, the violent nature of the pro· 
cess is evident. T he layers, ,which run quite straight till they 
approach very near to the drop. are here bent down and broken, 
and in tohe drift are numerous masses of the are, which have 
been broken off and mingled with it at the time of the shearing· 
down process . (See Fig. 22.) These phenomena show the 
following to have been the effect of the g lacial abrasion here. 
The weight of the ice-sheet was chiefly borne, at the northern 
end of the deposit, by the rim of hard rock, especially the 
rock bluff. Nevertheless, the ice scraped off the more super
ficia.l parts of the easily eroded ore-body, and these fragments 
are still fou nd in the drift. The surface that was thus removed 
left the space occupied by the are lower than the surrounding 
rock, and at the cessation of glacial action it had the appear-
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anee of a. basin. surrounded on all sides by the rim of harder 
rock which was left as ridges; and this appeara.nee it retains 
at the present time. But a.fter this topmost portion was reo 
moved the pressure was rather forward than downward, in the 
immedia.te vicinity where the weight was borne by the hard 
rock-rim. The result was the lifLing up of certain la.yers bod· 
ily for some little distance, leaving the permanent a.nd con 
forma.ble fissures, which were afterwards filled by the sand; or. 
almost immediately, by a lateral wedge of till. But at a. certain 

~'J l\' ure 22. 

Dlagram, showlogona!tlt'ger scalethedroP I2(I fee t) which l~ seen 10 th" prollle of 
thBoreln figure 21- Tbl~ Illus tr .. te s the fi,umOr In wh leb the drift cuts down Into 
the ore. 

distance to the south the rock-rim became uo longer able to 
support t.he whole weight of the ice, which thus came to rest 
partly upon the are, and immediately, by the force of its 
weight, sunk twenty or thirty feet downward. and so continued. 
The effect of this increase of weight on the forward part of the 
ore-body produced, in that part of the rigid buL brittle frozen 
mass further north, where the culmination of this strain came, 
transverse vertical wedge·shaped fissures, into which the till 
found entrance without serious rupture. Thus the undisturbed 
condition of the bedding next these till wedges is explained. 

Au ore-body which existed before the glaCial action, but was 
without sufficient protection, might have been ent,irely re 
moved and disseminated in the drift. I t is probable that in 
every case where the granular blue hematite and other little
hydrated forms are encountered directly below the drift, there 



208 BULLETIN NO. X. 

has been removed a considerable portion of paint-rock and 
hydrated are, together with an unknown amount of the blue 
are itself. 

Relation of Ute Present l 'opograpl/y to the Ore-Bodies. 

It will be seen frolU the discussion of the condition of forma
tion of the ore-bodies that the present topography, which is a 
very recent thing, being partly glacial and probably almost 
entirely accomplished "ince early pre~glacial time, can have 
little causal connection with ore-bodies which began to form in 
Keweenawan time. At the same time, the previously existing 
ore-bodies have undoubtedly influenced the topography. during 
its formation, and thus have SOme causal connection with it. 
Pre-glacial rain and stream erosion have had a. greater effect 
upon the soft ore-bodies than upon the surrounding rocks, and 
so have excavated them to a greater extent, unless, as was 
probably very often the case, they were protected by a. sub
stantial capping of harder rock. Yet this erosion was not so 
great as the glacial erosion, for the great thickness of decom
posed rock all over the country, deep under which lay both the 
hard rocks and the soft ore-bodies, formed a protective cover
ing. But the ice-sheet, when it swept this covering away, had 
a discriminating effect upon the rocks below, in the way that 
has already been indicated. When a body of the soft are was 
left wit.h no protection from harder rocks, i twas entirely swept 
away. Where the ore-body was surrounded on several sides 
by the protective covering, as at the Mountain Iron mine, there 
resulted, from the greater erosion of the softer parts, a rock· 
rimmed basin, in which the are is found. When the protection 
consisted chiefly of a hard ridge on the north, as is the case a.t 
the Biwabik group of mines, perhaps aid<;!d by the harder rocks 
some distance south, but with no very important lateral sup
port, tbe ice cut at its lower surface a plane slope. At the 
summit of this slope the weight of the ice was all borne by the 
hard ridge, but as the distance from it increased the weight 
must have been partly borne by the harder rocks to the south; 
or what existed intermingled with the ore-body on either side; 
or by the ore -body itself. In the shelter of theo;;e ridge!'; of 
Keewatin schist are found many of the larger ore-deposits. So 
it happens that a gradual slope, preferably southern, especially 
it it has on either side slight elevations to give it a somewhat 
basin-like appear~nce, is considered on the Mesabi an impor' 
tant topographical aid in the discovery of the location of the 
ore-bodies_ 
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ARTICLES OF COMMERCIAL IMPORTANCE. OTHER THAN IRON, 

IN THE IRON -BEARING fl.OeKS. 

Manganese. 

Manganese in small amount is disseminated through cer
tain areas of the ir()ll·bearing member. It is closely associ
ated with the iron ore, in many places. especially in the 
ore-deposits of the Virginia basin. Here is the only place 
where it has been found in auy appreciable amount. Through 
most of the mines in this basin the manganese ore occurs in 
the form of tho small shining crystals of the peroxide pyrolusite, 
which are intimately mingled with the granular hematite, and 
in certain limited areas increase so as to form a large percent
age of the mass. Such highly manganiferous masses have been 
seen by the writer at several of the mines in the immediate 
vicinity of Virginia, especiaUy at the Rouchleau. On the 
Moose property, in the southeast of the southeast of section 8, 
T. 58·17, a pocket of nearly pure are was found, in the midst 
of the larger deposit of iron ore. In prospecting this deposit 
in the summer of 1893, over a hundred tons of are were taken 
out; of which analyses, the results of which were kindly sup
plied me by Mr. Horace V. Winchell, showed 53 or 54 per cent. 
of meta.llic manganese, together with a small amount of iron, 
and some phosphorus, the latter averaging about .07 per cent. 
Altbough this is the only place on the Range where manganese 
in merchantable quantitity bas been found, it often occurs in
crusting the rock along joint-planes, in dendritic forms of an 
ea.rthy variety of the oxide. 

The method of formation of the manganese deposit at Virginia 
has already been hinted at, in discussing the fault at this place. 
The fact tha.t it is situated in the midst of one of the largest 
iron are deposits upon the Range, and tha.t this is. so far, the 
unique loca.tion, points to the fact tbat the origin of the man
ganese has beeu dependent upon the same causes as that of the 
iro,n. The weakness of the fault line has induced the accumu
laotian of the manganiferous solutions, which were at the same 
time highly ferruginous, and the oxidation along the fault zone 
has precipitated ,the manganese oxide, in the same :way as the 
iron oxide. The constant association of manganese and iron 
in all horizons is well known, and the causes of their associa
tion and their separation bave been well summed u}J by R. A. 
F. Penrose.* Manganese bas a close relation and a chemical 

* Report OD lol ",Dgane!'e, pp. 5N.L573. Vol. I. Ark. Geol. Burv. Rep. rOt 1800. 

140 0 

• 
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resembla.nce to iron. Both are taken into solution by the same 
solvents and are precipita.ted by the sa.me causes. The waters 
which brought the iron solutions to the Virginia region a.lso 
contained a sma.ll amount of manganese, in the same form; and 
when both arrived at the oxidi.zed zone. by the release of the 
carbon dioxide which held them in solution they were precipi
tated together; the iron as the hydrous sesquioxide, the man· 
ganese as hydrated peroxide, or perhaps carbonate or ses· 
quioxide. When the subsequent process of crystallization pro
duced from the original earthy hydrated ore the granular blue 
hematite, the manganese also became dehydrated, and crystal
lized as the pyrol usite. Thus was formed the iron are which is 
thickly sprinkled with the crystals of the manganese are; and 
this is the most common form. In the pocket at the Moose 
mine, the are has been obtained in the same way as that which 
is thinly dtsseminatedj but there bas been some modifying 
circumstance which has induced the precipitation of the man
ganese for a while separately from the iron. The cause of 
this separation probably lies in the sligh t difference of oxida,· 
bility of iron and manganese. While the iron and the manganese 
are held in solution and are precipitated by the same agents, 
yet there has been noted a difference in the ir ease of precipita
tion. The oxide of iron is rather more easily precipitated than 
the oxide of ma.nganese; and the carbonate of manganese ap
pears to be a more stable salt under atmospheric influence tha.n 
the corresponding iron carbonate. So it happens, as observed 
by Fresenius, * that freely moving waters, on coming ilJto a 
region of ready oxidation, deposit first the oxide of iron, and, 
further on the carbonate or oxide of manganese. By the COD
tinuation of this process, separate deposits of iron and of maD
ganese, on the same horizon and running into one another, 
may be formed. If, on the other hand, the metalliferous waters 
move very slowly through the oxidized region, the precipitation 
of the manganese and the iron in each supply of the solutions 
will be very near together, and the result of many such solutions 
will be the intimate mixture of the manganese and the iron. 
This must account for the difference in habit of the sparsely 
disseminated manganese and that of the or~-pocket. In the 
greater part of the weak zone which accompanies the fault line, 
the passage of percolating water is necessarily so slow that the 
manganese and the iron are precipitated very closely together ; 
while the exceptional occurrence of the pocket dema.nd the ex-

• Quoted by Pe'lfose, op. olt .• p. 570. 
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ceptional conditions of freely moving water. The depth of the 
pocket shows that the cha.nnel of the waters must have been a 
fissure, since on both sides are the deposits of iron ore; and 
from the locality, almost exactly in the centre of the zone 
through which the fault passes, it may be suspected that this 
fissure was cn the actual fault-plane. 

The dendritic manganese which often lines the joints in the 
iron-bearing rock, and which is composed of wad or some other 
of the oxides, * bas evidently been brought in the same way by 
waters which have found in these crevices a passageway. 

Soltrce of the Manganese. 

From the intimate association with the iron of the manganese 
at Virginia, and from the evident fact. that they were both de 
posited by the same percolating waters which had taken them 
into solution; moreov€;r, from the incrusting of manganese in 
the joint-planes over a large part of the rocks, it is at first 
natural to believe that both the iron and the manganese were 
derived from the same source. The iron has been determined 
to have been in the iron-bearing member from the very begin
ning, where it originally existed in the form of a silicate, and 
from this form it has been altered and concentrated into its 
present form. If the manganese has had the same origin as 
th~ iron, we should expect to find it in the same conditions: 
first, almost invariably, in association with the original silicate 
of iron; second, in various forms of the rock which result from 
the metasomatic cha.nges of this first rock; finally, in the com
pletely decomposed and concentrated rock, we should expect 
to find it almost invariably associated with the iron are. But 
the analyses made of the various primary and secondary phases 
of the iron-bearing rock have not reported any trace of man· 
ganese; the only traces found are in rocks which have been 
profoundly decayed or in other wa.ys exposed to the free action 
of percolating waters. The amount of manga.nese in connec · 
tion with the ore-bodies is va.riable, for while at Virginia it is 
common, at other places it is rare, and many deposits contain 

·only the merest trace. So there is no evidence that the origi
nal source of the manganese was the same as that of the iron, 
i. e., in the original condition of the iron-bea.ring rock. It 
must be remembered, however, tha.t manganese is much rarer 
tha.n iron, and tha.t pOSSibly quantities so small as to be over 
looked are constantly a.ssociated with the less-altered phases 

,op. cIt .• p. 83. 
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of the rock. and that these small quantities, by the process
of concentration, might become large enough to be recognized; 
but until this is shown to be the case the evidence points 
the other way, - tbat the original source of the manganese was 
not necessarily in the iron-bearing member. In this case, it 
must be that the waters, which bore the ma.nganese in solution, 
and which undoubtedly were slowly filtered through the iron_ 
bearing rocks, had previously dissolved the manganese in very 
small quantity from other strata. The very circumstance of 
the small quantity of manganese, in comparison with the 
enormous amount of iron. makes it easy to account for the 
former on this ground. The source from which snch mangan
iferous solutions must probably have come is the overlying 
detrital slaty series, the underlying schists of the Keewatin, 
and the intrusive granite_ It is extremely probable that the 
material of the slates consists a.lmost entirely of the material 
from the schists and the granite, laid down in a finely com
minuted state, without great admixture from other sources, 
except in the calcareous portions. So, to go a step further 
back, we must look to these older crystalline rocks for the 
source of the manganese in the very beginning. In the 
crystalline rocks manganese is very common, in the form of 
manganiferous silicates. A list of these silicates is quoted 
from Penrose. * 

"Among the most common of these are: rhodonite; the manganiferous 
forms of pyroxene, amphibole and garnet; the manganiferous minera.ls or 
the olivine group, such as tephroit.e, roepperite, knebelite, daoaUte and 
helvlte; tbe manganiferous epidote known as pledmontite; the minerals 
llvaite, ardennite, trimerite,and numerous others." 

Besides the silicates, manganese often occurs in the form of 
carbonate, aud occasionally as the oxide. Many of these min
erals are found in the crystalline rocks of the Western Mesabi, 
especially in the variable and complex schists of the Keewatin. 
When the schists were eroded and laid down as slates, in a de· 
posit of great thickness, the finer division of these silicates 
made the manganese more liable to decomposition a.nd solution 
by percolating wat-ers. When we consider the enormous lapse 
of time which has been required for the formation of the iron 
deposits. and that the same period must be allowed for the ac
cumulation of the manganese, it is clear that the solutions de
rived from the manganiferous silicates of the slates have been 
quite sufficient to produce, under favorable conditions, the. 

' op_ oit .• p. 5*. 
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amount of manganese which we find; and that the agency has 
been simply that which has operated in the concentration of 
the iron-the percola.ting dra.inage waters. 

We thus obtain an explanation of the occurrences. At Vir
ginia, the great fault which traverses the present ore-bodies 
pa.ssed at its origination through an unknown but undoubtedly 
immense thickness of slates. These covered the iron-bearing 
member, not only to the west, where the slates exist a.t present, 
but to the ea.st, forming a covering to the uplifted area. The 
fault weakened the slates, although probably in less degree 
than the iron_bearing member; as in the iron· bearing member, 
there was an i.ncreased circulation of surface waters, an in 
creased solution of the former constituents, and an increased 
deposition of the concentrated products. As the covering of 
slates upon the Virginia. a.rea were slowly eroded, each horizon 
in turn wa.s bared to the surface and profoundly decomposed; 
and during all this time the waters which had taken into solu
tion the soluble parts of these decomposed silicates found 
one of their 'readiest passag~s through the fault-fissure. The 
materials deposited here would be chiefly iron, with some man
ganese; of these the iron was confounded with the vastly 
greater amount derived from the iron-bearing member itself; 
while the manganese remains conspicuous. 

SILICA POWDERS. 

When the iron-bearing rock has reached in a certain part, by 
perfect concentration, the condition of a chert, and subsequently 
disintegrates, there is formed a powder which consists essen
tially of silica, with a variable amount of impurities. The dis
integration appears often to result in part from the dissolution 
of the carbonates which are very often associated with the 
cherty silica. These a.re generally in small bunches of crystals, 
minutely disseminated; su that their removal destroys the 
strength of the rock, which then easily crumbles away. The 
carbonate is generally siderite, and in the process of its disso
lution, a. small part is precipitated througbout the rock as 
oxide, between the grains of the silica; this minute amount of 
the oxide acts as a. wedge, which forces the grains apart and 
thus the comminution become progressively finer. The size of 
the grains of the silica in the chert is such that when com
pletely separated, the result is a. powder of great fineness. An 
example of this is in the powder described on page 126, sped-

;: 
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men 230, from near the Mesabi Chief mine, in section 23, T. 
57·22. The following is an analysis of this by Mr. Alonzo D. 
Meeds: 

ANALYSIS OF SPECIMEN 230 (CDEMICAL SERI ES NO. 242.) 

Slllca. ........... . . . ...... .. . . ... . ..... .. . . . Si02 98.17 per cent. 
Sesquloxide of Iron.......... . .. ..... Fe:Oa L03" " 
Alumina. .. . ... . . . ......... . .. . . ... A120a 0.00" " 
Lime .. . ................ . .... . .......... . ... CaO t,. 
Magnesia ............... . . ... . ............ MgO t,. 
Soda .......... . ....... • .. . . .. . . ... . ..... Na:O 0.25 per cent. 
Potash.... .... . ... ••.... ... ....... K20 ". Loss on Igoltion .. .. . . .................. . 0.19 per cent. 

TotaL .... . ... . .. . .... .. ........... . . . 100.14 

This mareria.l has a. possible economic importance, on ac· 
count of the abrasive qualities of the powder, should it be 
found, on further exploration, in sufficient quantity and of as 
great purity as the sample analyzed. This class of abrading and 
burnishing powders is already largely used. The most widely 
known is the tripoli powder, ch iefly quarried near Seneca, 
Missouri, and found in many other places in the same region. 
This powder is the result of the alteration of a chert, "white, 
gray, or yellow, occasionally rose or flesh·colored," which is 
among the most important ore· bearing-rocks in south·western 
Missouri. * In the nature of its immediate origin, it is thus 
identical with the Mesabi powder; it also resembles it very 
closely, being of the same cream color. The almost exact 
identity of chemical composition is shown by the following 
analysis of tripoli, taken from the pamphlet of the American 
T ripoli Company, at Carthage, Missouri. 

ANALYSIS OF TRIPOLI. 

Silica.. . ... . ...... . ....... . ... . ..... . ... SiO. 
Oxide ot iron 1·· ··· · .... ............... Fe~0...f 

...... ..... , ............... }~ 
AluroILla . ..... . .................... . ... Al.O. 
Lime.......... . . .. . . . ..... . .. .. ...... OaO 
Soda.. . .... . . . ..... . ...... .. ...... Na.O 
Water and loss on Ignition ... . .. ..... .. . .. . .. . 
OrganiC matter ...... . ..... . .. . ........... . 

Total . .............. .. .... . ...... ... . .. . 

98.100 per cent. 

0.210" " 

0.240 " ., 
0.184 " ., 
0.230 " " 
1.160 " " 
0 .008 " ., 

100.192 

Silica. soluble in 10 per cent. solution of caustic soda boiled 
for three hours. 

· Geo\. Survey <It Mls.ourl. Vo\. I. p. 400. 
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Another ana.lysis from the same place (at Seneca) is as fol
lows:* 

Silica ........ . ... . ............. ...... SI02 98 28 per cent. 
Alumina .. . .. ...... ............... Ai20a 0.17 " " 
Sesqllloxide of Iron ....... . ... .... Fe2 0a 0.53 " " 
Lime .. . . . . ... ..... . . ....... .. .. .. .. . CaO 
Magnesia .... . ....... ....... ........ MgO 
Potash... . . .. . . ... ..... . .. . . . K20 

Very slig ht trace. 
Extremely sllght t race. 
0.17 per cent. 

Soda ....... . .......... . . . ...... .... Na20 0.27" " 
Loss on' Ig nition ...... . ............ (R 20) 0.50" " 

Total ...... .. .. .. .. ... . ....... .. . 
Wat.er at 1IQ-1l5° C .. .... . .. . . ..... . .... . 

99.92 " 
0.21 " 

" 
" 

In Arkansas, similar deposits a.re· found a.t va.rious places. 
and. as in Missouri , theya.re the result of the decomposition of 
a chert. A sample of pure white powder from one of these lo
calities ga.ve the following results: t 

ANA.LYSIS o~' SILICA. POWDER FROM ARKANSAS. 

sw.............oo. 97. 32 per cect. 
Alumina .............................. . ... Ai20a 1.61 " 
Sesquioxide of iron ... . . .. ... . .. .. . .. . ... . . Fe2 0 a 0.35 " 
Lime ... ............. . . ....... .. ........... CaO trace 
Magnesia ...... ........ ...•.. .. ... .. ....... MgO slight trace 
Potash ...... . . . . .... . ..... ... ............ . . K 20 0.1 3 per cent. 
Soda . ....... . .................. • . • ......... Na2 0 0.12 " 
Loss on Ignition ...... .. ....... . .... ....... (H 20 ) .63 " 

Total.. . ... . . . .. .. . .. . ... 100.16 per cent. 
Water at 11 (}'-'115° C . .... ....... ... . ... . ... . .... .... 0.029 " 

Up to the pre",ent time. however, the Arkansas deposits have 
not been extensively worked, par tly. perhaps. on account of the 
lack of transportation facilities . 

• Chl .... old on Novaculltes. Ann. Rep . Ark. Oeol. Survey tor l S\lO, Vol. III, p. as;. 
tGrl.woId. op. Cit., p. asS. 



CHAPTER XI. 

ORIGIN OF TIlE IRON-BEARING ROCK. 

The origin of the iron-bearing rock has long been a subject 
of doubt, discussion,. and speculation, for the original charac· 
ters are Dot plainly seen, even in a. comparatively careful 
examination. It will be the object of this chapter to attempt 
to furnish some evidence as to the probable original nature 
of the rock and the origin of the irou. 

One of the most striking things about the iron-bearing mem- ' 
ber is its individuality. While it has not been clearly made 
out heretofore to what this was primarlly due, yet it bas 
always been possible to recognize it as totally distinct from the 
associated rocks. The contact between it and the quartzyte 
below and the slates above appears to be generally well marked, 
and neither of these members have any resemblance to the 
greater part of the iron·bearing member. This same charac~ 
teristic has been noted by Irving and Van Hise for the corres
ponding rocks of the Penokee series .... 

The present 'material of the iron·bearing member has been 
found to be the result, almost entirely, of internal metasomatic 
changes, which have so altered the rock that few traces of its 
original s t ructure remain. These changes have been effected 
by the ordinary agents of atmospheric decay, and these have 
acted upon the other rocks 'of the series as well as upon the 
iron· bearing member, but without producing in this latter case 
any very great effects, or at all obscurin~ the original struc
ture, in the larger part of the rocks. The original iron·bearing 
rock, then, must have been of peculiarly unstable nature, strik· 
ingly different from the commoner detrital rocks with which it 
is associated. It was not originally a qua.rtzyte, as has some~ 
times been supposed, for the main body of the quartzyte is 

-Tenth AnD. Rep. U. S. Geol. Survey , p. aso. 
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quite fresh and unaltered, showing distinctly every original 
detrital grain . Near the contact of the quartzyte with are
bodies, there has sometimes been a slight replacement of the 
silica by iron, and, indeed, specimens might be found which 
would show every stage of the change from the quartzite to 
iron ore;* but this change is local and superficial, and is never 
found within the quartzyte itself. The sharp distinction be· 
tween the original nature of the quartzyte and thatof the iron · 
bearing member is well shown by those specimens from the 
iron· bearing member, near the contact with the quartzyte, 
which contain scattering grains of detrital quartz, sucb as 
make up the quartzyte. These grains are usually fresh and 
little altered, and are sharply contrasted in the sections with 
the rest of the material. which is all of undoubtedly secondary 
ongm. This secondary material is mainly silica, which is 
usually finely cryptocrystalline, and in this there is finely dis
seminated or bunched iron oxide. The change which has 
altered the original characteristic materials of the iron-bearing 
member to these secondary products has not affected the truly 
detrital quartz, which has been present in association with the 
other materials f rom the very beginning. 

For the same reasons. the rock could not have been origin· 
ally a simple argillaceous sediment, fur the presence of the 
sla.tes in great thickness above, practically unaltered and dis· 
tinguished by the most evident of characters from the typical 
iron·bearing rock. shows that the two could not have been 
primarily of the same nature. The calcareous layer at the very 
bottom of the slates is suggestive, and is undoubtedly import
ant for the purposes of our inquiry; but there are insurmount
able objections to considering the iron· bearing rock as having 
heen of a simple calcareous nature. One is the distinction 
which exists between this horizon of impure limestone and the 
typical rock of the iron-bearing member beneath, both in 
structure and chemical composition. The limestone retains 
most of its original structural peculiarities, so that its nature 
is readily recognized; but the iron·bearing member, near the 
contact, has the ' same peculia.rities as in the central parts of 
the horizon . It is marked by the ground· mass of finely divided 
silica, through which are scattered the granules. made up of 
silica, the various forms of iron, the green chloritic substance. 
with the secondary products. The analysiS shows a difference 

"Twentieth Ann . Rep. Geol. ,u,d Nat. Blst. Surveyol Mln neso ta,p. ltG. 
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as great. In the iron-bearing member there has never been 
found by tmalysis more than a slight trace of lime, although 
microscopic sections have been made which show a consider
able quantity of this carbonate. In these cases, however, the 
distribution of the calcite shows that it is a.n impregnation, de
rived from another source-probably the calcareous layer of the 
upper slates itself~and that it is not indigenous in the rock. 
The small amount of calcite which is found in analyses is seen 
under the microscope to be of a secondary nature, resulting 
from the disintegration of the Qriginal green chloritic sub
stance. It cannot be affirmed that the original rock was not 
calcareous, but it is certain that the essential characteristic. 
which has brought on the metasomatic change, was not its cal
careous nature. It is true that the formation of ore-deposits 
through the replacement of calcite by iron is very common, as 
has been abundantly proven in many cases;* but on the Mesabi 
range the features of ferration are totarlly different from those 
which are found in these replaced limestones. Had any such 
replacement on an extensive scale taken place, we should ex
pect to find the layer which is now an impure limestone also 
replaced, since it overlies the main body. To this objection it. 
might be well replied that the close grained overlying slates 
have acted as a protection agaiust the complete changes, and 
that the ferrating waters need not necessarily have come 
through the slates, but have entered at the outcrop of the per
meable strata, and from there have -penetrated to the more reo 
mote parts. And, indeed, the fact that in parts t.his layer has 
been fe rrated to a considerable extent, and the lime replaced 
by iron carbonate, shows that there has actually been some 
such process, and suggests ~hat the patches of little-altered 
limestone are accidental residual fragments. But in the main 
body of the iron· bearing member a still greater obstacle to 
this view is found. In are· bodies, which owe their origin to 
the ferration of limestones, the iron is derived from extraneous 
sources, and penetrates into the limestone strata by reason of 
their permeability. In the Mesabi iron-bearing rocks, how
ever, the iron is found to have existed in the rocks from the 
beginning, so far as can be seen, although. in a disseminated 
condition; and the ore·bodies have formed by concentration of 
this scattered iron. In the concentration, moreover, there has 
been a replacement of certain parts of the rock by iron; but in 

' j{entueky Gool. Survey. RepOrt 01 Progre.!lS, Vol. Ill, New SerIes ; by N. 8. 
ShaJer: 1877, p. 164. 
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~hi's case it is silica that has been replaced, and this silica. itself 
is a. secondary product. We can find no analogue of this pro
cess in the proven cases of the formation of ore· deposits by 
the replacement of limestone. 

The theory of the formation of the ore-deposits by the re· 
placement of a limestone was that first adopted by Prof. R. D. 
Irving," hut he afterwards abandoned it, considering that the 
original rock must have been an iron carbonate and not car
bonate of lime. Prof. N. H. Winchellt also suggested a theory 
similar to this as the possible origin of some of the Minnesota. 
ores. This theory, however, did not ascribe all of the phe
nomena to the process of replacement, hut considered that the 
banding was original in the rock, and that the difference 
between the bands was due to the original distribution of im· 
purities in varying quantities in the alternating layers . 

Since we cannot, then, ascribe the origin of this rock, in the 
light of our present knowledge, to any of the ordinary forms 
of the commoner sedimentary rocks, we are driven, if we still 
hold the rock to be sedimentary, to the more unusual forms of 
sediments, namely, those of chemical or organic origin.! 

The various theories of chemical origin have been more 
earnestly urged and have met with a more general favor than 
any other. Careful observation has in nearly every case led to 
this belief; for hoth the field characters and the microscopic 
peculiarities of these rocks are such as are not compatible wi~h 
any theory of direct sedimentation, but point to an immediate 
chemical source. One of the most evident of these characters 
is the ordinary finely cryptocrystalline or chalcedonic condition 
of the silica, which cannot represent directly clastic materi.!LL 

The principal theories of chemical origin of the iron_bearing 
rocks, including the ores themselves, may be separated into two 
chief divisions. Firflt, those which assume the ores and the 
iron-bearing rock to have be~n precipitated in practically 
their present condition. and to have undergone little change 
since that time. This view has been chiefly championed by 
N. H. and H. V. WinchelL and was originally applied to the 
ores of the Vermilion in Minnesota.,§ but was afterwards ex· 

.Orlgl n or the Ferruginous Scblsts and Iron Ores of tlHI Lake Superior Region . 
Am. Jou~. ScI. (II!). Vol. XXXlI. Oct . • 18S6. 

tFlfU)entb Ann. Rep. 0001. a.nd Nat. Illst. Survey of Mlunesot ... p. 246. 
tTentb Ana.itep. U.S. Gool. Survey. p. 380. 
I On", Possible Chemlc",l Origin ot the Iron Oresot the J\ee ..... Un ID MlnDesot&. 

American Geologl"", Vol. ,. pp. 29 1~. November. 1889. A;so ID BulletIn No . 6 ot {he 
MID". Gool. Sur" .• 18\l1, pp. S9HIOO. 
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tended to the Mesabi ores.- Briefly stated, this theory ex
pla.ined the origin of the banded silica a.nd iron by direct pre
cipitation from the waters of a. hot primordial ocean, highly 
saturated with the minerals of the crust with which they came 
in contact. Alternating conditions produced from these waklrs 
alternating precipitations of iron and of silica. These alterna
tions continued throughout the whole time of the formation of 
the iron-bearing rock, and the banding thus represents the 
original stratification. Inasmuch as the present discussion is 
confined to the Mesabi ores, the possibility of such an origin 
for the Vermilion ores will not be fully discussed. The writer, 
however, following the expressed opini~m of nearly a.1l the 
Lake Superior geologists,t and for many private reasoos, which 
do oat need to be detailed in this paper, believes that the iron
bearing rocks of the Mesabi and of the Vermilion have origin
a.ted in the same manner, and that whatever restricts the the
ories of origin on the Mesabi, must be applied to the Vermi1 
ion also. 

The principal reasons for holding this' view of directprecipi
tion have been: 

1. The regularly alternating bands of the "jaspUyte" of the 
Ve rmilion, which has been taken a priori to be original strati
fication, and hence must be explained by the alternating depo
sition of iron and silica from the wa.ters of the ocean. Since 
this iron and silica was found to be in a condition which was 
almost surely the result of direct chemical precipitation, and 
could in no way be assigned t<l the sedimentation of detrital 
material, it naturally followed that the oceanic waters had been 
the agents of this precipita.tion. But for this purpose it was 

- Iron Ores of Minnesota, Ru ll . No, O. Geol. Sur-v. or Mlnu., p. tH. 

IN. H. and H . V. Winchell, p. 144. v. s. " We see no reason to exempt 
the Taconic ores from those methods and principles that we have found 
obtaiued io Keewatin tlme. We see; on the other hand, only evidence to 
convince us t·hat the Taconic ores date from the origin afthe rock~ the,ill-
8el\'e8, and that the conditions that governed U.e origin 01 the rocks were 
but a modification of those that governed the accumulation u( the Kae
war.in rocks." 

O. R. Van Hl se, lroo Ores ot the Marquette District or Michigan, 
Am. J ou r. ScI., V ol . XLIII, February, 1892, p. 130. 

"The ores of the Ver millon Lake district have been studied by 
us only io a general way, but so fa r as our Investigation has gODe 
all the (acts hear toward the conclusion that the principles here ,hold 
which are applicable to the other Iron-bearing districts of the Lake Supe
rior re,gion." 
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then necessary to imagine tq.at the condition of oceanic wa.ters 
,was entirely different at the time of the formation of the ores 
from the condition at presenl;,-I;hat they we re still intensely 
hea.t.ed, and highly charged with acids, and the minerals which 
these materials held in solution.* 

2. A section of the siliceous part of a. typica.l Vermilion 
"jaspilyte" conta.ined the silica in a form which was held to 
indicate that the silica. was precipitated in the amorphous form, 
i.n the shape of spherical minute globules, to the compression 
of which the occasional hexagonal outlines of the present 
grains was thought to be due.t In the section examined the 
silica was held to be amorphous, and not crystalline. (1) by the 
higbly coloreQ concentric rings which each grain showed in 
in polarized light, and (2) by the absence of fluid or gaseous ' 
inclusions. 

To the first reason the, answer is of course that the a priori as· 
sumption that the bands were origina.l sedimentary layers is 
not warranted. Upon the Mesabi tbe whole process of the 
growth of t.hese bands by the process of concent·ration along 
para.llel lines of weakness has been ca.refully observed; the final 
result of this concentration has been to produce in certain 
phases alternations quite as fine as those of the Vermilion rock, 
and it is highly probable that both wen'l formed in the sam~ 
way. In the original condition of the rock upon the Mesa.bi, 
these bands do not exist, and they a.re well developed only in 
the more advanced stages of change. Upon the Vermilion the 
changes have gone on more completely, and under slightly dif· 
ferent conditions. 

Upon the Mesabi, again, the condition of the strata associated 
with the iron·bearing member are such as to forbid the assump· 
tion of the heated and turbulent primordial ocean, which is 
necessary for the direct precipitation of both iron and silica. 
Before the deposition of the iron· bearing rocks, the sediments 
were of sand,-just such sand as is deposited at the present 
da.y. The sharply outlined rounded form. of the original grains 
shows that there was DO appreciable corrosion by oceanic 
waters before deposition; while if the waters had been in the 
condition supposed by the theory under discussion, these grains 
must have been entirely dissolved. If the silica of the iron· 
bearing rockst is still considered to represent a sudden change 

* Iron Ores of Mlnllesot .... p. 7!\. 
tIro" Ores 01 M!lInesot&. p. 74. * H. V. Wlncbell. Tbe MesabllroD Ra.n ge. Twelltietb Ann. Rep. Minn. Survey,p. 138. 
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from the conditions of deposition of the originals and grains 
of the quartzyte; and that under these changed conditions . 
the waters were capable of dissolving silica and precipita · 
ting it in the finely divided cryptocrystalline or chalcedonic 
form in which it is usually found, there is a.nother obstacle in 
those parts of the iron-bearing rock, near the contact with the 
quartzyte, which contain in the ground-mass of finely divided 
silica scattered grains of detrital crystalline material, exactly 
like those found in the quartzyte beneath; with their outlines 
regular a.nd uncorroded, and exhibiting no sign of any transition 
to the finer variety_ It thus seems clear, if the iron-bearing 
rock is considered truly sedimentary, that the conditions of 
temperature and solvent power of the wa.ter W€4"e nearly . the 
sa.me during its formation as during the deposition of the basal 
quartzyte; and these conditions were not evidently greatly dif
ferent from those of the present day. The rocks above the 
iron-bearing member show the same conditions of ordinary 
sedimentation, and the existence of the impure limestone belt, 
immediately above, is especially opposed to any extraordinary 
conditions. 

The condition of the silica, which was the second chief reason 
urged in favor of its chemical precipitation, has been subse
quently shown to have been misunderstood. Exceptions to the 
observations of Dr. Hensoldt, who made the origint.l investiga
tion, have been taken by Professor C. R. Van Hise,· and sub
sequently and indepentlently, by Dr. U. S. Grant of the Minne
sota survey. Of the two reasons that were given for considering 
t he silica as amorphous instead of crystalline, the first. the 
polarization phenomena, was found to be due to the thickness of 
the sections examined by Dr_ Hensoldt. Thinner slides showed 
the ordinary polarization phenomena of quartz. In regard to 
the second reason, it was found that the quartz actually con
tained numerous liquid inclusions. 

Nearly all of the silica of those phases of the iron-bearing 
rock which have gone far in the process of change is made up 
of these interlocking quartz grains. In less advanced stages 
the silica grains are much smaller in size and less highly crystal
line, the crystallizing motive often having worked so little that 
it is hal'dly distinguishable from truly amorphous silica; but 
the la.rger grains which make up the "jasper" are never of this 
variety. Since these larger grains are, then, not original, but 

"AOO. R6P_ Ark&osa.9 0001. SUr"ey, 1800, vol, III., p . 1St. 
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"are formed during crystallization by the union of many smaller 
particles; Lleither their size nor their shape can be taken as any 
indication of the conditions of their original deposition. 

The second class of theories of chemical precipitation 
asserts that since the precipitation of the iron a.nd sil~ 
lCa., there have been grea.t metasoma.tic changes, which 
have brought the rocks to their present condition and 
have induced the formation of the ore-bodies. This is the 
view which has beeu adopted by Irving and Van Hise, in their 
monograph on the Penokee·Gogebic iron range, and extended 
to the Animikie series in Minnesota..* Their opinion of the 
origin of the chief constituents of the iron·bea.ring rock, the 
iron a.nd the silica, may be best learned by quotations. Con· 
cerning the original form of the iron (which has subsequently 
concentrated into the present deposits), the following is a con· 
cise statement:t 

"Whether the Iron was origi nally precipitated as a carbonate, or was 
decomposed and precipitated as a hydrated sesquioxlde, just as limonite 
now forms trom iron carbonate In places where bog ore Is depositing, Is 
uncertain. It the latter is taken to be the case, and It Is perhaps the 
more probable supposition-It Is necessary to believe that the organic 
matter with which the limon ite was associated reduced the latter to the 
protoxide, and by decomposition furnished the carbon dioxide to unite 
with the protoxide, and tbus reproduce irOD carboDate." 

Concerning the origin of the silica, the discussion is summed 
up as follows:! 

"Our conclusion Is tben: First, that tbe chert was maiDly deposited 
simultaDeously with tbe Iron carhoDate wltb which It so closely assocl~ 
ated; and second, that It is probable that tb~ chert is of organic origin, 
althougb we bave no positive proof that It Is Dot an original cbemical 
sediment, while it may in part be from botb sources." 

The conditions which a.re supposed to have prevailed in the 
time of the precipitation of these materia.ls, while somewhat 
different from those of the presel1t day, do not involve so great 
a departure from the uniformitarian belief as do the theories 
of direct precipitation in the present form. It is supposed tha.t 
the atmosphere was more. highly cbarged with carbon dioxide 
than at present, and that the general tempera.ture of the earth's 
crust was somewhat higber. Under these conditions atmos· 
pheric waters, by virtue of the greater amount of carbonic acid, 
would decompose the rocks far more active.1y than at present, 

-Tenth Ann. Rep. U. S. Gool. Survey. Tbe Penokee lrou Bearing Series, by R. D. 
Irving and C. R. Van H1se. 

tIbld., p, 300. 
;Ibld., p. 397. 
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and these waters, escaping into the sea, would cause the ocean 
to become cbarged with the irony solutions. It is, however. 
added. that although these conditions were probably present, 
yet the deposition of the original iroll may be accounted for by 
the same process as carried on under ordinary conditions at 
the present day, and which leads to the formation of bog ores. 
At any rate, it is supposed that the waters of the ocean were 
in a condition which permitted the existence of abundant 
organic life. * 

From these homogeneous original rocks, which, so far as 
can be seen, were originally of iron-carbonate and silica, me
tasomatic changes have produced all the multitudinous phases 
of the iron· bearing rocks, including the ore-bodies. 

Since so far we have discussed the various possibilities on 
general grounds only, reserving the specific study which points 
to the probable origin for the final discussion, we will here 
mention only the general objections to this explanation. Tbese 
objections have already been pointed out by other investigators 
to the theory of a direct precipitation in oceanic waters. We 
have at the present time no iustanee of a precipitation of this 
exact kind. The precipitation of iron oxide from waters bea.r
ing iron carbonate in solution is one of the most common pro
cesses in nature, and has produced a not inconsiderable supply 
of ore, locally; but the conditions under which such ores are 
precipitated are not such as obtain in the oceanic waters, and itis 
difficult kl understand how such a precipitation could come 
about. When chalybeate waters emerge from the rocks or the 
soil from which they have obtained their iron, they are soon 
exposed to the oxygenating influences of the atmosphere, their 
carbon dioxide escapes, and the iron which the waters held in 
solution by virtue of this is precipitated as the hydrated ses
quioxide. If the water has thus found its way into a running 
brook, the surface of the pebbles of the brook for some dis
tance become coated with the oxide. The motion of the water 
quickly precipitates, by bringing successively all parts of the 
water un1er the oxidiziug influence. all the iron tbai is unstable 
under these conditions. If the waters ooze into a shallow 
swamp or bog, the oxidation is somewhat slower, but since the 
iron-bearing waters remain in the same position till the process 
is comph~ted, the amount of iron eventually concentrated is 
much greateI', and the continuation of the process brings about 
a. worka.ble deposit of ore. But nearly all the iron which is 

'Ibid" p_ 395. 
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thus brought by waters to the surfa.ce is very quickly precipi· 
tared in these ways, and very little of it can ever find its way 
into the sea. I t may be even possible that stagnant lakes. or 
land-locked lagoons, might form upon their beds a. precipitate 
in this way, but we cannot easily conceive of its ta.king place 
in the ocean. What iron reaches the main body of the Ocean is 
quickly diluted by tbe great mass of water, so that the amount 
of iron in the ocean at the present time is very smail, and 
would have to be increased enormously for any precipitation 
to take place; and this increase would seem to necessitate con
ditions entirely unlike the present. or even those which are 
supposed by the advocates of this explanation to have existed. 
It is difficult to understa.nd how strata which are known to 
extend somewhat uniformly for a hundred miles, and are 
nearly a thousand feet thick, can have been wholly or in part 
formed by any such precipitation. Tho extent and uniformi ty 
of tbe strata, as well as their thickness, do not accord with tile 
idea of land· locked lagoons; and yet this seems the only pas· 
sible explanation. Above and below the iron-bearing member 
are strata in which there is neither iroD nor cryptocr.ystalline. 
cha.lcedonic, or amorphous silica, and yet they were formed, 
according to this theory, in the same ocea.nic waters. 

If it is supposed that the quartzyto was fir3t deposited in the 
open sea; tha.t at the close of the deposition an elevation 
changed this region to coastal swamps. in which the rocks of 
the iron· bearing member accumulated; and that at the close of 
this period a f'iubsidence brought on the formation of the sim· 
pIe detrital series again: this explanation may be held to ex· 
plain the origin of the iron. but the silica can hardly be thus 
accounted for. J. W. Judd," in discussing this question in can 
nection with the theories of the origin of the Northampton· 
shire iron ores, shows that iron is thus found in chalybeate 
springs and in still bodies of water ; but not in running streams 

. or other moving water, 'because here the access of oxygen pre 
cipitates tbe iron as hydrated peroxide. 

.. • • " I do not believe, therefore, that the waters of any great 
river, or or the sea, can ew:r cootaln more than the minutest trace of 
iron in soIULioo.'· * * * * Hut the Northamptonshire iron are can· 
tains " from 30 to 50 per cent. of the metal; a rock wh ich we caonot pos· 
slbly concei~'eof as being deposited 10 ao open sea or river." 

We thus find ourselves obliged to lay aside the thoories of 
chemica.l precipitation of the iron in the form of oxide or cal" 

~Tha Geology of Rutillolld. etc., p. liW. 

15 G 
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bonate. Besides the explana.tion which we shall present. there 
is only one other theory of the origin of the ores which has reo 
ceived firm support. This is the theory of their e:ruptive ori
gin. Tha.t the iron·bea.ring rocks of the Lake Superior region 
were erupted in practically their present condit.ion .. as early 
held by Professor J . D. Whitney,· and Foster and Whitney. t 
Afterwards the view was adopted by Dr. M. E. Wadsworth for 
the Marquette District.! Dr. Walsworth believed that the al 
ternating bands of silica and iron were the result of the fl.owage 
of the original molten rock (subsequently greatly modified by 
the chemical action of the percolating waters), and analogous 
to the flowage banding of rhyolites and trachytes, a.mong ac· 
knowledged lavas. § For this species of volcanic rock, ha.ving 
a higer content of silica than the rhyolites, he proposed the 
llame of " jaspilite." II 

The objections to the directly eruptive origin of the Mesabi 
iron-bearing rock are numerous and rest in part upon the same 
grounds that show the directly che~ical origin to be probably 
not the true expla.nation,-tbe circumstance that the banding is 
not primary. but secondary, and so can no more be regarded 
as the fluidal structure of a lava than as the layers of an orig' 
inal chemically precipitated rock. 

Having thus briefly spoken of the most prominent theories 
which have been introduced to explain the origin of the ores, 
and named the objections to which. on general grounds, they 
a.re severally open, 'we will proceed to discuss the results to 
which our investigations have led us, and to offer a.n explana
tion, which does not come under any of the theories discussed 
or any of the objections named. 

It became evident to the writer while enga.ged in field work 
that all of the mUltitudinous kinds of rock which were associ· 
ated with the iron deposits passed into one another by gradual 
changes, and were probably derived from a single original type 
by the alteration of atmospheric influences . The recognition 
of this fact is considered to be the most important part of the 
present discussion, since it effectually does away with all a.t-

• Met .. ll!e We .. !th of the United StlLteS. IB5t. pp. 37, 429-43'7. 471. ,j7~. 
l' Senate Poeuments. Spec. Sess. Und Vongresll, III , l&'il. 
: Bullet!n of the Museum of Compar .. tlve ZoolOKY a.t C .. mbrldge, l8BO. Vol. VII, 

(Geologlc .. 1 silrieR. Vol. I.) l'l ra t paper, P1'OO.·Boston Soc.. Nat. Bl~t .. lsao. XX, 47Q"m. 
I Further studIes and evidence caused Wadsworth to aba.nclon his tormer lde .. s .. nd 

to hold tha.t InQ!lt., It not a.ll, of these (ron r ock, were of mecha.nlcal orIgIn. but that 
they had subsequently been modified greatly by Chemical agencies. (Soe ReVON of 
the State Board of t be Geologlca.l Survtly. Mlcblgan, 1893. pp. 101.-1211. 

1 Bull. Mus.Comp. Zool., Vel. Vll, p.16. 
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tempts to explain the formation of the rocks in their present 
condition, which must necessarily lead to the greatest con· 
fusion. At the time of the discovery of the fact of the deriva
tion of the rc.cks from a single original type. the writer's 
acquaintance with the literature of the region was incomplete; 
and it was not until some time after this that he had oppor
tunity to read the monograph on the Penokee-Gogebic iron 

. range, by Irving and Van Hise;* in which for the first time he 
found that the same proposition had already been conceived 
and established for the iron ranges of the South Shore, and had 
been extended to the Animikie series in Minnesota.. That the 
fundamental principle in the monograph referred to and in the 
present paper should be the same and should have been ar
rived at illdependently in each case, is Significant as to the cor· 
rectness of- the conclusions. 

I n the course of our comparative study of the rocks of the 
Mesabi, however, it has been possible to go somewhat further 
back in the history of the iron-bearing member than has been 
done for the Penokee-Gogebic region. The iron carbonate, 
which, according to the researches of Irving and Van Hise, 
was the oldest type which could be found, and therefore was 
held to represent nearly the condition of the original rock, 
has been found on the Mesabi to be in nearly all cases of un· 
doubtedly secondary origin, and to have been formed by the 
carbonatizatiou of iron oxides. It was found, moreover, that all 
of the constituents of the rocks, including the iron carbonate 
and oxides, and the silica, could be shown t9 have been derived 
from a substance which appeared to be original, and which in 
the descript.ion has been designated as "greenish chloritic sub
stance," or "original green silicate." 

This substance was thickly scattered in bunches through the 
less altered rock, but from the very beginning began to under
go rapid disintegration . The chief products of this decompo. 
sition were silica., in the cryptocrystalline to nearly amorphous 
form, and the oxide of iron; there were also various secondary 
products resulting directly from the change, or from the com· 
bina.tion of the separated products. These were calcite and 
siderite in small quantities, actinolite, epidote, residual clayey 
matter, a.nd the like. The details of these changes have already 
been gOlle into, a.s have been the various stage:; which mark the 
striving towards stabilHy of the loosely arranged products of 

.Tenth AnD. Rep. U. 1;', Oeol. Survey. 
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the decomposition, so that they need not be repeated here; a.nd 
it only remains to inquire more minutely into the nature of the 
green material, and to discover, if possible, its origin. 

In the macroscopic and microscopic features of the grea.t 
ma.ss of the iron·bea.ring rock tbere is no evidence of its ori
gina.l nature. All the constituents are evidently of secondary 
origin. and suggest no more a. detrital tban an igneous rock. 
Irving and Van Hise have noted the same characteristic for the' 
rocks of the Penokee-Gogebic iron-bearing member.* The 
result of the studies of the Mesabi rocks led at first to the 
assumption tha.t the original rock, of which the structure was 
thus almost totally obliterated, and which was represented 
only by the "greenish chloritic substance," might be either an 
excessively basic lava, or some peculiar kind of sediment, out_ 
side of those which have been discussed. It was evident that 
the origina.l rock had been one of excessive instability under 
atmospheric influences, and, therefore. was formed under 
somewhat extraordinary conditions. The idea of a lava there· 
fore became to be seriously considered as the solution to the 
problem. It is generally acknowledged that portions of the iuner 
crusts are more highly basic than any identified volcanic rocks; 
and it is regarded a'll highly probable t tha.t the interior of the 
earth may be formed almost. exclusively of the simple metals, 
especially iron. A lava. then, originating in the deeper regions, 
might be so composed that while it would be quite stable under 
the freedom from atmospheric influences in which it bad its', 
beginning it would be extraordinarily unstable under conditions 
of freer oxidation. I t might be basic from an excess of iron, 
and this iron might be originally in the protoxide form. com
bined with silica. to form proto-silicates. From this uncrystal· 
lized, undifferentiated mass, which the original . 'greenish chIor· 
itic substance" might represent. there would be formed by de· 
composition exactly the same materia.ls which we have- the 
separation of the silica. and the iron oxides, and the rf'moval of 
the more soluble decomposition products. Neither the thick, 
ness of the iron-bearing memoer nor the extent 'of the forma· 
tion could be urged as objections to this hypothesis, for even 
in historic lavas such quantities of erupted material may easily 
be paralleled, without appealing to the unusual conditions 
which may well have existed at this early period of the earth's 
history. 

"Tenth Ann. Rep., BUil t. cit .• p. 380. 
tDe L&l1QI!.Y: ~'otmation de!! Gites blitalllfhe8._P a tls. 191.13. Posepny: The Gene." 

of Ore_DeJlQ!ilts. p. 
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The other possibility was that there might be formed. in the 
depth of the ocean. a class of sediments distinct from those 
which had yet been proposed; that detritus of certain com· 
positions migh t, by uniting, undergo chemic:\l changes under 
certa.in conditions, and produce a compound which might be 
stable in the ocean depths, but unstable when the region waS 
elevated. and brought within the domain of freer oxidation. 
This compound, again. might be represented by the greenish 
chloritic substance, and the results of its decomposition, again, 
would be exactly those which we find. 

It has been a.lready stated tha.t at the lower edge of the iron· 
bearing member there are intermingled with the non·frag· 
mental material grains of truly detrital quartz, like that of the 
underlying quartzyt.e. But since these grains did not evidently 
lie in any well· defined zone,,;. they were rega.rded as equally 
applicable to either theory. On the eruptive hypothesis, a. 
lava, a.t its lower contact, might take up into its mass some of 
the sand from t he sand· beds over which it flowed. These 
grains would work up for a short distan('.e from the contact, 
and in the viscous state in which this outer edge of the cooling 
mass would be, the heat would be insufficient to melt. or even 
greatly corrode them. On the sedimentary hypothesis. on the 
other hand, the scatttered grains, diminishing as the distance 
from the basal quartzyte increased, would be held to indicate 
the progress of the change of conditions from those necessary 
for the formation of a. quartzyte to those which governed the 
new sediment. This change was then proba.bly in the form of 
a subsidence of the ocean floor, and the sand·grains indicate the 
last contributions of sediment from the shore·region, where 
the deposition of sand still went on. 

But these possibilities were again limited by the discovery. 
near the upper contact d the iron·be .lring znember, of scattered 
material wh~ch was almost certainly of a detrital nature. sur· 
rounded as before, by non·fragmental secondary material. In 
many cases this was suspected. but in one the evidence seemed 
quite satisfactory. This was in the specimen called 53·1, which 
was from the iron· bearing rock at the immediate contact, with 
upper slates. which are represented by 53·2. From 53·1 seven 
sections were made. of which one has already been described. 
(See page 68). The rock was less altered than any other speci· 
men found in the whole iron· bearing member, probably on ac· 
count of the protective capping of the slates to which it lay so 
closely. 1t seems clear from an examination of this that the 
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rock was of a detrital nature, for the forms which are scattered 
through the rock have rounded shapes and positions which are 
those of detrital grains. Naturally, these grains are not of 
quartz, like those a.t the lower contact, but suggest the approach 
of the conditions which produced, first, the bed of impure lime
stone, and then the argillaceous sediments iuto which this 
graded. The grains of detrital form are of two kinds.-First, 
those of a crystalline carbonate, which may be calcite, but from 
the analysis of 53-2 (see p. 70), is probably in part at least 
magnesite. In some of the sections these gra.ins have been 
found to increase in numbers locally to such an extent that they 
formed a solid layer, very thin, but continuous, which in this 
case was exactly like the dolomitized limest.one above, but was 
limited above and below by the characteristic secondary silica 
of the iron-bearing rock. There can be no doubt that this is 
detrital material, originally lime, which subsequently to its 
deposition has become dolomitized a.nd crystallized. 

The second class of detrital grains in these SE:;ctions are those 
which are composed principally of the "greenish chloritic sub
stance" which is found all through the least altered parts of 
the iron·bearing member, in whatever horizon. Some of these 
are somewhat shattered and torn, but many show rounded and 
uDcorroded outlines which appear to be those of detrital grains, 
In many cases where the silicification of the original green 
material has been begun and even carried on to a largo extent, 
there are still preserved the outlines of an original rounded 
body, which seems to have been made up a,'lmost wholly of the 
Qriginal green substance. 

The discovery of such detrita.l material is not explicable by a, 

consideration of the original rock as a lava, and hence we are 
driven to accept the other possibility,-that the rock was a 
sediment, formed under the conditions whiCh have been hinted at. 

With an especial view to the ascertai ning the nature of this 
original mineral. as well as advice upon other points, selected 
sections, all of which have been described at some length, were 
sent to Dr. J. E. Wolff of Harvard University, who kindly ex· 
amined them and returned the following comments: 

"Section 78. Composed essentially of aggregate silica. The 
rounded grains have typical rolled clastic outlines; are filled 
with fine aggr~gate silica and dotted with black ore. Cement 
is pure chalcedonic silica, with occasional rhombs of carbonate 
and octahedra of magnetite, both of which, from their perfect 
crystal form, must have formed in place and contemporaneously 
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with the silica. Other carbonate areas, irregular, are within 
the grains; and the magnetite or iron ore do~s within the same 
are residual. 

"125. Cement much coarser grained silica than in 78-
q uartz, probably- sometimes arranged around fragments in 
brickwork structure, showing secondary deposition around 
these bodies. T he round grains are here a brownish · green to 
clear green color, partly isotropic, partly aggregate polarizing, 
in feebly-polari.zing dots and specks Hardlyanypleochrvism; 
no cleavage. They resemble in all p hysical characters ykmconite 
grains. In some cases a. little carbonate is mixed with the 
probable glauconite. 

"215. Rather indistinct clumps of limonite or hematite, 
with the same siliceous ground-mass. Outline of clumps klo 
vague to identify directly with the roundgrfl-insof 125, without 
transitional forms. 

"213. Same as 215. The rounded outline of some clumps 
shows that they are those of 125. Carbonate seems secondary 
in these clumps. 

".f!7.A. Here the round clastic bodies are dis tinct, some 
hematite, some magnetite. Silica very fine-grained; banded 
parts of slide seem due partly to crus hing of round grains. 
Carbonate is secondary and not primary, because some of the 
rhombs are half in, half out"of the clastic grains. 

" 11,. In light-colored pa.rt are the remains of green areas 
passing into tufts of actinolite ( ?), which, with aggregate 
quartz, forms the ground-mass. 

"I only suggest here an outline of what appears to me to be 
the explanation of these slides: 

"1st_ The round grains in these slides owe their round form 
to attrition (although the resemblance to the form of o<Hitic 
grains should be noted.) 

"2d. The green glauconite (?) is the earliest stage in these 
slides. 

"3rd. Silicification, which is complete in the groundmass, 
in attacking these grains was accompa.nied by the breaking up 
of the glauconite into iron oxides. 

" 4th. T he completed stage, as far as these slides go, is com
p lete silicification of everything, the iron oxide either remain· 
ing in the clumps or more or less scattered about. 

"5th. The original rock, a little back of slide 125, was a 
glauconitic greensand." 
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ANALYSES OF THE ORIGINAL MATERIAL. 

That the material was ~ssential1y a hydrous silicate of iron, 
the analyses had already shown. Those rocks which contained 
a. large amount of the original green mineral showed stead· 
fastly a small amount of alumina, a very sma.ll amount of the 
alkalies, and a large amount of iron oxide, and this oxide ap
peared to be normally the protoxide. The analyses of num
bers 14 (page 103), and 217 (page 87), especially sliow these 
characteristics. To determine more exactly the chemical com
position of the mineral, rock 125 was selected, which was al 
most entirely made up of silica and the green mineral, with a 
good deal of siderite a.nd some magnetite, but free from other 
impurities. From the powdered rock the magnetite was drawn 
out with a. magnet, a.nd the remainder of the rock, consisting 
only of silica, siderite. and the green material. submitted for 
analysis to Mr. A. D. Meeds. who made the following report: 

REPORT OF ANALYSIS o~' SPEOIMEN 125 ,OBEMIOAL SERIES NO. 2m. 
Insoluble in bydrochlorlc acid. . . ...... ..... ..... 75.09 per ceut. 
Soluble 10 hydrochloric acid. ..... .. . . ... .... . . .. 24.91" " 

Total. . .... . .... ................ ..... .... .. . . 100.00" " 

The insoluble portion was made up of : 
Sllica . ..... . .................... . ........... SIO. 14.53 per cent. 
Sesquloxlde at Iron........ . .. . .. . Fe.O, 0.34 " " 
Alumina...... .... ...... ..... . . .... . . AI,O, 0.23" ., 

Total ..... . . . .. . ... . . . .. . .. . .. .... . ..... , .. 75.09" " 

The result of the combined 'analyses of the soluble and the 
insoluble portions was as follows: 

Silica . . . .. ... . .. . ................ .. ...... .. SIO, 
Alumina .... ............................. Ai, O , 
Sesquioxide or irOIl . .... .. ......... . .... Fe20 . 
Protoxide or iron ..... . ... ... . . ... . .. . ..... FeO 
Lime .............. ....... . .......... .. . · .. . CaO 
Magnesia . ... ..... . ...... . ... . ........ . .... MgO 
Water ... . .. . .. . .......... . .. . .... . .. ..... . H 20 
Carbon dIoxide ...........• • . . .... •........ . C0 2 

Soda.... ... . . . ........ . .. .... .... . Na.O 
Potash .... . ... . . .. ..... ..... .... . . . ... . ... K,O 

74 .53 per cent. 
1.57 .. " 
2.30 " " 

14.84 " 
.63" ., 
.92 " 
.62 ., 

5.10 (. 
O. U " 
0.10 " 

" 
" 
" 
" 
" 

Total... . .. .. .... .... ... .. ....... .... .... . . 100.72 

The soluble portion alone, which:represented the bases of the 
.siderite a.nd of the g reen minera.l, had these proportions, ex· 
p ressed in percentages of the entire rock: 
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Alnmina .... . . .. .. ...... ..... . ......... Al ,O 13.35 per cent . 
Sesquioxide ot Iron . . . . .... . . ..... .... . . . . Fe.O~ 1. 96 " " 
Protoxide of iron. . . . ......... ..... . . .FeO 14.84 " " 
Lime . .... . .. ...... . .. .. . ... . . . .... . .... .... 0aO 0.63 " " 
Magoesia . . .... .. . . .... . . . . ... •.... . ..... . . MgO 0.92 ' " " 
Water . . .. . . . .. .. .. . . .. .. . ... . . . . .. . . . . .. . . H. O 0.62 " " 
Soda .. .... ....... . ... . ......... ... . ... . . . . Na . O 0.11 " 
Potash. ..... . . . . . . . ...... .... . .. . ' . . K, O 0.10 " " 
Carbon dioxide.. . ......... . . .CO. 5.1 0 " " 

Total.. ... . ... . . .... ... . .. . .. . .. . . . . 25 .63 

Since the carbonic acid must all belong to the s iderite, it was 
then removed f rom the calculation, together with the necessary 
amouut of ferrous oxide to satisfy the composition of siderite 
(8.35 per cent. of F eO) , and the remainder, signifying the pro· 
portions of the bases in the green mineral alone, was as fol· 
lows: 

Alumina . ....... .. ... .... .. ... .... . . . . . .. AJ,O, 
Sesquloxlde or iron. . . . . ...... . Fe. O, 
Protoxide or iron.... ..... ... . . .. FeO 
Lime. ... . ....... . ... . ............ . . . . .. CaO 
Magnesia.... . . .. .. . . . ..•... .. . " MKO 
Water ........... ... ....... . . . . . .. .... . .. ... H .O 
Soda . . . .. .. . . ... ••••. ..... ............ .. . Na.O 
Potash . .... .. .. . .. .. . .. .......... ... . . ..... K,O 

1. 35 per cent. 
1.96" " 
6.49" ., 
0.63" . , 
0_92 " 
062 " 
0.1 1 
0.10 " 

" 
" 

" 
Total. . .... .. .............. . ..... 12.18 

We thus obtain the exact proportion of the respective bases 
of the green mineral; but do not find the percentage of silica. 
which belongs to it, since upon solution the silicate is broken up, 
and the silica is precipitated and cannot be separated from the 
original free silica of the rock. But if we assume that the min· 
eral is flo variety of glauconite, as appears from its association 
and optical characters, we may provisionally assign it a pro· 
portion of fifty per cent. of silica, that being about the average 
content of silica. of this mineral, according to Dana. If, then, 
we figure the propor tions of the other constituents as given 
above, to the sca.le of one hundred, we have the following com· 
pOSition of the green mineral : 

Silica .... ....... . ....... ........... ..... . .. SiO. 
Alumina . ................ . . . . . . . . .. . .. . .. AJ.O. 
Sesquioxlde of iron . . .. ........ ........... Fe.O. 
Protoxide of iron........ . . . . . .. ..... . FeO 
Lime... ... . .... ... ... . . ........ . .... ... 0aO 
Magnesia . . ..................... .. .. . ..... MgQ 
Soda ... .. ....... ........ ........ . . ........ Na .O 
Potash ..... ........ ... .. . . . .. . . .. . . ....... . K,O 
Water. . . ... . .... .. .•• •• .... . . .. ... . . . .. H , O 

TotaL ... ... . .... .. .. . ... . .... . . ... . 

50.00 per cent. 
5.54 " 
8.05 " 

26 .56" " 
2.59 .. 
318" " 
0.45 " 
OA I " 
2.54 

V9 .92 

" 
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F rom the same rock another portion wa.s treated in a d iffer
ent way. The rock was pulverized as before, and carefully 
sifted and sorted into grains of nearly uniform size. As before, 
the magnetite was drawn out with a magnet, leaving only the 
silica, the siderite, and the green mineral. The different parts 
of this powder were then separated according to their specific 
gravity, by the Thoulet solution. The powder was first put 
into the solution baving a specific gravity of 2.95. At this 
density about one-third of the powder was p recip itated. The 
portion wbich was not thus precipitated was then put into a 
solution baving a density of 2.80, and at tbis about one ·third of 
the remaining portion came down . What still floated was then 
put into a solution having a specific gravity of ~. 50, and in this 
all tbe remainder was quickly precipitated, leaving a clear 
liquid. 

From this it appeared evident that the specific gravity of the 
green material was greater than that of the silica, p robably 
greater than 2.80; and th at the silica. was therefore the lightest 
mineral in the section. The last portion, whose specific grav
ity was between 2.5 and 2.8, and which was mostly silica, was 
therefore thrown away; and the first two portions, whose spe· 
cific gravity was over 2.8, were mingled and submitted to Mr. 
A. D. Meeds for analysis. T his portion then consisted essen
tially of siderite and tbe green silical..e, although the silica and 
the other minerals were so closely intermingled in the rock, 
owing chiefly to the fact that the silica is derived from the 
silicification of the green ~ineral, that a separation of absolute 
correctness could not be expected. The result of the analysis 
was as follows: 

AN ALYS IS OF GL" ueoNITE AND SIDERITE FRO~ SPECI MEN ) $ (O BEMlOAL 
SErtlES NO. 2~8.) 

Silica .. . .... ... .... . SiO , 
Alumina . . ..... ...... ...... . . ...... . . .. . AI ,O. 
Sesquloxide of iron .......... ,. . .. . F<! , O. 
P rotoxide of Iron..... .. , ........... .. FeO 
L ime.. . .. . ......... .. . . ... ... . ...... . . CaO 
Magoesia ......... . .. .. MgO 
Potash . . .....•...•...... . " .K IO 
Soda. . ... . ...... . . .... . . ... . ..... . .... Na.O 
Water .... .. .. . ....... . . H, O 
Carboo dioxide ...... . . .................. . CO, 

T otal, .. , ............... . . . 

47. J2 per cent. 
2.60" " 
3.51 " " 

28 .48 " " 
. 6] " 

1.94 .. 
. II " 

trace 
2.70 " 

13.49 " 

100 .56 

" 
" 
" 

" 
" 

The carbon dioxide in this a.nalysis, which belongs to the sid
erite, combines with 22.07 per cent. of ferrous oxide in order 
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to make the exact composition of this mineral , making 35.56 
per cent. of ferrous carbonate (siderite, FeCO,.) and leaving 
6.41 per cent. of the ferrous oxide for the glauconite. 

At the withdrawal of the siderite, there .remains 65 per cent. 
of the rock, which is composed p rincipally of glauconite, al_ 
though with a considerable impurity of free silica, whi(;h was 
minutely interwoven with the siderite and glauconite, and was 
thus brought down at a. specific gravity greater than that of 
silica alone. By computing the elements of this residue to a 
scale of 100, we get the following results : 

COMPOSITION OF flLAUCONIT E (WITH SaM£. FRE E SILWA.) 

sm,ca...... . . . ............... .. . . .. SiO. 72.50 per cent. 
~~u. . .. . .. . ..........A1M 4.00" 
SesQ.uloxide or Iron ........ . ... .. ........ 1<'o\. Oa fl AQ "" 
Prowxlde of iron . . . ..... . .......... . . . .... FeD 9.86"" 
Lime... . . ........ . .. . ... ........ ..... CaO .91 " 
Magnesia. . .. . . . . ...... .. . ... ...... ' MgO 3.00 " 
Potasb.......... . .. .. . . .• . .. . ....... K .O .17 " " 
SOda... .. . . ...... ....... .. . .. . ...... Na. O trace 
Water....... . .. ... ........ . . ...... H .O 4.15 " " 

TotaL. . . . ..... .. .. . . .. .... . . . . 100.02 

I t is p robable that in this case the impurity of free silica is 
sufficiently important to bring down tbe percentage of com
bined silica. in the glauconite to about fifty per cent. of the 
mineral; and then the percentages of the other components 
would be correspondingly greater than here appears. For this 
reason, it is probable that the computed composition on an 
assumed percentage of 50 per cent. silica, in the previous an_ 
alysis, is more nearly the actual condition of the mineraL 

We are thus able to draw our conclusions as to tbe nature of 
the mineral. Chemica.lly, it is essentially a hydrous proto
silicate of iron, with a. small amount of alumina, v8,riable small 
amounts of calcium and magnesium, and trifling quantities of 
the alkalies. Chemically. it seems more closely related to 
gla.uconite than to any other mineral. and differs chiefly in the 
absence of tbe usual larger amount of potash. Another way 
in which it differs from the ordinary glauconite is that the iron 
here is normally in the protoxide state, while in nearly all the 
reported anaJyses of glauconite it is mainly ill: the sesquioxide 
condition. The nearest approach in composition of any ana· 
lyzed glauconite which we can find is tha.t from French Creek, 
Pa., given by Dana.* 

- DescrIptIve Mlne ra.logy, 6th Ed" 189'2, j) . I\8oI, 
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The analysis of this is as follow.:;: 
Silica. ... ...... ... .... . . . . . . . 5102 52.86 per cent. 
d.lumlna............ ...... . . .A i2 0 3 7.08 " " 
Sesquiox ide of Iron. .. . . .. .. . .. . .... F e2 0 s 7.20 " " 
Protoxlrte of iron .. ; . . . . . . ....... FeO 19.48 " " 
Magnesia .. . ...... ... ...... . . .............. MgO 2.90 " " 
Lime .. ... ......... . ... . . . . . CaO trace 
Pctash . ..... . . . . . .... . ..... . K20 2.23 " " 
Soda .. ............... . . .. _ • ............ . Na20 trace 
Water .. . .. .. ......... .. .. .. . ... .. .. .. ..... H20 8.43 " " 

Total. 100. 18 per cent. 

As an example of the chemical composition of the commoner 
varieties of glauconite, 'that from the Grodno Va.lley, Russia,* 
may be taken. 

Silica .... .. ..... ......... . . .... .... . .. . ... 8102 49 .76 per cent. 
Alumina ... ....... . ... , . . . . ... .. . . A I2 0 a 8 . 18 " " 
Sesquioxide of iron ...... ....... .. .. .... Fe 20a 16 .80 '. ., 
P rotoxide of Iron . ... . . .. ....... . .... ...... FeO 3 .17 " " 
?:Iagnesia . .... . .. . . .. .... . ..... frfl{O 
Lime ... ... ......... .. ... .... .... .. . ... . ... CaO 

3.fl7 " " 
0.41 " " 

Potash .... ... . ... . .......... ...... . . .. . ... . . K 20 1.57 " " 
Sor,la .. ........ ... .... .. ...... . ... .. ...... Na20 0.52 " " 
' Vater...... . ... .... . . ... ........... . . H20 9.82 " " 

Total ...... . ..... . . . .. .. ..... . . 100.00 per cent. 

It is seen that the specimen from French Creek represents a 
departure from the ordinary composition, in the predominance 
of the protoxide ofiron and the diminution of the amount of 
potassium; and the accentuation of these devia.tions character· 
izes the mineral which we have under consideration. 

The specific gravity of glauconite is given by Danat as from 
2.29 to 2.35 ; while we have found that of our mineral as prob
ably higher than 2.8. But the glauconite of the St. Lawrence 
limestone (Cambrian) of Minnesota, analyzed by Professor S: 
F . Peckham,! has, according to him, a specific gravity of 3.634; 
and from the chemical composit ion of the mineral it must be 
that in many cases the densi ty rises above 3. 

Optically, tbe mineral has been found by Professor Wolff to 
have all the characters of glauconite. 

Its habit. so far as can be made out, is also that of gla.ucon
ite, in that it occurs in disseminated gr~ins through a sedimen
tary bed. and that these grains appear to have had origina.lly 
rounded outlines. due to attrition. 

·Ibld .• 100. c it. 
t Ib ldem. 
~The Geology of Minnesota, VOl. lr, p. 120. 
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We must conclude, therefore, that the mineral is probably a 
variety of glauconite. The charactero; by which it differs from 
the ordinary mineral may be explained in two ways. In regard to 
the small amount of potash, it may either be believed that this 
substance was absent from the original composition of the min · 
eral, or that it has subsequently been removed by solutiou. 
But since its absence is accompanied by the presence of iron in 
the ferrous condition , we find it difficult to believe the latter 
supposition; for the same agents which would remove the al · 
kalies would probably effect the oxidation of the iron. In re 
gard to the excess of protoxi.de, again, it may be believed 
either that the iron of glauconite is normally a protosilicate, 
and that th", analyses which show an excess of the sesquioxide 
are from more or less oxidized speCimens; or, as seems more 
probable. there ma.y have been an original difference. The 
reasons for this difference will form t he grounds for future 
study. 

THE ORWI N OF GLAUCOl';JTE. 

The existence of the mineral glauconite has long been recog
nized as characteristic of the "greensand" deposits. As early 
as 1823 Alexander von Humboldt* mentioned the occurrence of 
the "green or chloritic earth" in several sandstones and lime
soones of different horizons in Europe. Previous to this time 
the glauconite had been confounded with earthy chlorite, but 
in 1821 the ana lysis by Berthiert of the greensand of the Cal
caire Grassier at Paris first showed definitely its true nat,ure, 
that it was essentially a silicate of iron. 

Its method of formation was for a long time afterwards, 
however, a mystery." but in 1855 Ehrenbergt announced the 
occurrence of glauconite grains as the casts of the internal 
parts of species of Foraminifera, and gave the results of exami· 
nations into greensand deposits in many parts of the world. 
He showed that the mineral was often to be proven as having 
formed within these shells, and he arrived at the conclusion 
that in all cases this was the method of its forma.tion, although 
most of the grains did not show any direct evidence of this 
organic ongm. He not only showed this for the greensands 
of the more recent geological periods. but succeeded in estab· 
lishing the same facts as far back as the Silurian greensanrl of 
Russia. § 

oGeGgD()!!tlscbes Versucb. p. m. 
t Annalel dM Mines, ;;er. 1. VI. 1821. 
~Uber den GrQlIs&nd und Seine ErUllt.erulig des Or::anlsben Lebens, Berlin. ISM. 

p . ll~. Abb&udl. d. k. Akad. d. Wlssenscbaften zu Berlin mr 1%5. 
Ubid .. p. 172. 
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In 1856. Professor J. W. Bailey* made the very important 
announcement that the formation of glauconite is now going 
on in many parts of the sea· floor, and is forming in the shells 
of small organisms, in the same way as had been supposed by 
Ehrenberg fro~ his microscopic researches upon fossil glau· 
conite. This discovery was brought about chiefly by material 
obtained by Count P our talest from soundings made for the 
United States Coast Survey. 

The most recent and thorough examination of the nature and 
manner of formations of glauconite resulted from the work of 
the Challenger E xpedition, sent out by the British government. 
The result of this investigation is found in the volume upon 
Deep Sea Deposits, written by Professot:s Murray and Renard . 

Since the time of Ehrenberg, the best 3.uthorities have prac· 
tically agreed that the formation of this silicate of iron is reo 
stricted in its origin to the internal chambers of organisms, in 
which it forms casts. Ehrenberg concluded that its origin 
could only be accomplished in this way. In treating of the 
glauconitic grains in limestone from Ala.bama, he writes:! 

The formation ot the Gree nsand consists in a gradual filling up of the 
interior space or the minute bodies with a green·colored, opal.lIke mass, 
which forms therein as a ca.st. I t Is a peculiar species Qr natural Injec
tion, and is orten so perfect, that not only the large and coarse shells, but 
also the "ery tinest caflals of the cell walls, and all their connecti ng tubes 
are thus petrified, and are separately exhibiwd. By no artill.clal method 
can such flne and perfect l fl Jec~ions be obtained. 

Concerning the forma.tion of glauconite grains, Prof. J. W 
Bailey wrote as follows,§ in 1856: 

They are fl OW Cormlng In the muds as they are depo,.lted, a nd we have 
thus now going on Ifl the pre.qent seas, a formatkm of Greensand by pro· 
cesses preci"sely an alagous to those which produced deposits at the same 
material as long ago as the Silurian epoch. In this connection, it is im
port ant to observe, that Ehreflberg's ohservatlons and my own, establish 
the fact that other organic bodies than Polythalamla produce casts of 
Greensand, and It sbould also be stated that many of the grains of Green· 
s.'I nd accompanyln~ the well·deflnen casts are ot wholly unrecognizable 
forms, having merely a rounded. cracked. lobed, or even coprolltlc ap
pearance. Certainly many of these masses, which orten compose whole 
strata, were not formed either In tbe cavities or Po1ythalamia or Mol
lusks. The fact, however, ooJng established beyond a doubt, that Green· 
sand does form casts in the cavities of variOUS organ iC bodie,., there Is 

"American Journal ot Selence. Second Serle ... VOl. XXII. November. 1858. "On tbe 
OrigIn of Greensand. aod Its Formation h. tbe Ocean~ at the Present EpOCh," pp. 
290-264. 

tReporto( U. S. Coast Sur vey for 18$1. Appeodlx. p . R:!.. 
;Op. Cit .• p. 115. " Ole Rlldung dll!l Or6nsandes best.ebt nlrullcb;' etc. Tracslated 

by Profesl!oQT J. W. B ailey , op. cit., p. 2@il. 

lOp. Cit .. p. 284. 
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a great probability tbat all the masses of this substance, however irregu lar . 
were for med in connection with organic bodies, and that ~he chemical 
changes accompaoying the decay of the organic matter have been essen
tially connected with the deposits In the cavities, of green and red sil i
cates ot Iroo, and of nearly pure silica. 

The opinion of Murray and Renardt is best .hown by the fol
lowing quotation: 

.Ii'rom aU that we have already stated In this chapter It appears certain 
that glauconite is principally developed in the interi or of foramini ferous 
shells and other calcareous structures, and that aU tbe transitions can be 
nbserved trom ch ambers tllied with a yellowish-brown mass to grains 
which have almost completely lost the Impress ot the organisms in which 
they were formed. From this fact, as well as from direct observations {Or 
the various co nstituents of t he deposits, it is uncertain, and indeed little 
probable, tbat there are any minute grains of glauconite fo rmed io ."l 

free state in the mud. 

I t appears, therefore. that glauconite is, so far a.s is known, 
always formed in the inner parts of organisms. and that very 
often the completely filled shell forms a cast which is an indio 
cation of the mode of origin. In many cases, however, the 
growing of the mineral inside has brought about the breaking 
of the shelL AHer the breaking of this restraining wall the 
shapes grow more irregular, and it seems certain that there is 
an enlargement of the original grain by concretiona.ry growth 
from the materials which surround it. The grains which thus 
result may become rounded by attrition. or they may be 
broken so as to present angular forms; and these rounded 01' 

shattered forms vary from large grains to those of the minuL· 
est dimensions. They are thus incorporated in large numbers 
in the sediment, together with those rarer forms which by for 
tune still preserve the shape of the chambers in which they 
were formed. 

According to Murray and Renard . • he formation of glaucon
ite is restricted to areas occupying certain positions, in regard 
to the shore.line and the deposition of sediment. The neces· 
sary conditions appear to be aslow deposition of very fine de· 
trital silt, derived from terrestial erosion, and representing 
the outer fringe of the land·deri ved sediments. Ordinarily, 
therefore, the glauconite·forming area is a broad zone (but 
much broken up by irregularities of the ocean· bottom and by 
currents), which lies between the Shallow-water and the Deep· 
water zones, - at a depth, that is to say, of from 100 to 900 
fathoms. This belt follows the shore-line of the continents. 
It represents the transition belt between the inorganic or de-

tRepOfts Cb"Uenger E:\'pedlt!OD. Vol. Deep Sea Depollits. p. 387. 
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trital sediments, and the mainly organic deposits. The transi
tional zone has a very slow rate of deposition, much more so 
than the landward zones where the purely detrital rocks are 
deposited; while it is more rapid, by the amount of land-sedi· 
ment, than the beds composed exclusively of organic remains. 

The union of detrHal and organic matter to produce the sili
cate of iron, glauconite, which is characteristic of this green· 
sand, takes place after a manner that is not well understood. 
It is supposed that the detrital material washes into and fills 
the shells. and that it is the action of the decaying organic 
matter inside which operates to break up the existing combina
tions. and to form the silicate of iron. Concerning the chem
istry o f the process, Murray and Renard make the following 
suggestions: 

I t is certain that very fine mud is washed Into the Globlgerina shells, 
ano may venetrate through the foramina . It we admit that the organh: 
matter inclosed in the shell and in the mud itself transforms the iron In 
the mud to sulphide, which may be oxidized into hydrate, sulpbur heiDI{ 
at the same time IIberate<l, this sulphur would become oxidized Into 
su\pb.urlc acid . which would decompose t he fine clay, setting free colloid 
silIca, alumina being remol'ed In solution; thus we bave colloid silica and 
hydrated oxide of Iron in acon(}ition most suitable for their combination. 

In greensand deposits the rounded and a.ngular forms of the 
glauconite grains formed in this way make up varying per
centages of the ·rock and are scattered throughout the finer 
groundmass. This ground-mass may be siliceous, or calcareous. 
or both; and in either case it may be made up in a considerable 
pa.rt of the finer glauconitic material. It is often phosphatic, 
bearing phospat.e of lime in nodular forms. Where best devel· 
oped . these glauconite grains form the larger part of the rock, 
making as much as 85 per cent.* This represent."> the most 
favorable conditions for the formation of this deposit. It means 
that the proportion of mechanical detritus and the accumula· 
tion of organic matter was almost exactly that required for the 
formation of the silicate. In other places, however. the glau· 
conite is scattered sparingly, through a sandstone or a lime· 
stone. If the material is a. sandstone. it was deposited nearer 
the center of deposition than the glauconite zone, and the 
diminution of gla.uconitic grains may be said to ma.rk the 
approach to the shore. It it is a. limestone, it was probably 
deposited in deeper waters and further from the centre of de
position than the glauconite belt, and the diminution in number 
of the glaucon ite grains marks the increasing distance from the 
shore. 

"Ann. Rep. New J e rsey Uea!. Survey, 1892, p.~. 
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The freshest parts of the iron·bearing rock of the Mesabi 
have a structure which appears to be almost exactly like that 
of the typical greensand, although h ardened and consolidated. 
The grains of glauconite have a similar shape and arr angement, 
and in the sections cut from specimen 53·1, they are somewhat 
intermingled with grains of ca.rbonate. Between these grains 
there is the same fine ground·mass, which in this case seems 
to be of finely divided silica. In this s peci men. moreover, the 
consolidation is not so great as in the more altered common 
varieties; the fracture is irregular, and the surface of fracture 
granular. instead of being smooth and conchoidal. as happens 
when the processes of change have gone on to a greater extent. 
The shapes of the green grai.ns and their distribution through 
the groulld·mass show a. decided resemblallce to the ligures of 
sections of greensaud made by Ehrenberg· and Murray and 
Renard. t 

This same structure is characteristic of the more altered 
rocks, where it has been called the spotted· granular structure. 
Professor Wolff, in the letter quoted on aformer page, first called 
attention to t·he fact that the granules as a whole bore evidenctJ 
of detrital origin, and suggested that they represented the 
altered original glauconitic grains. Subsequent study has 
brought the writer to believe that' most of these areas owe 
their existence primarily to the original grains of glauconite, 
although their form and composition has been altered by 
various mechanical and chemical changes. The stages of tran· 
sition from the simply glauconitic granules to thoSe where the 
granules a re formpd ouly of the decompositioll products, chiefly 
silica and the iron oxides, make this seem evident. In the latel' 
stages of the rock, however, not only have the changes pro· 
foundly altered the original granule, but these forces have 
often produced new granules, Simulating closely the older ones 
which were derived from the truly detrital grnius. These new 
granules are composed chiefly of the material derived from the 
alteration of the old ones. but they occupy new positions and 
have new forms. The nature of these secondary forces and 
their effects have already been described, as granular·breccia· 
tion, concretionary action, impregnation, and otherl forces, in 
various combinations . 

• op. cIt. plata VI. Lowar Silurian grf!ensandstone of Ru ,,, la. 
tIn Oh~nenger RepOrts . Raproduced by Ne w Jersey Ge" l. SOl"" ro r:a8~2. p. ~ 12. plate 

V. IIg. I. 

16 G 
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We have probably, therefore, in the Animikie (the Upper 
Huronian of the United States Geological Survey) one of the 
most extensive deposits of greensand which have ever been 
known to accumulate. T he succession of strata here is sug· 
gestive, as complying" with the present conditions of the 
deposit,ion of glauconite. The basal quartzyte represents the 
deposition of a considerable period, when the area lay near the 
shore· line, and in the region of direct arenaceous sediments. 
The conglomeratic phase near the base seems to have repre· 
sented a still nearer approach to the shore, and during the 
subsequent deposition there may have been a slight subsidence. 
At the close of the deposition of the quartzyte, and the begin 
ning of the deposition of the iron·bearing member, we may be· 
lieve that there was a m.arked subsidence, which brought the 
area out of the reach of direct arenaceous sediments. and into 
a depth and distan'ce from shore which was favorable for the 
formation of g lauconite, wi th intermixed siliceous and calcare· 
ous matter. 

At this timo there was sparing detrital mud from the land 
area, and we must believe, in accordance with the known con· 
ditions for the formation of glauconite, that there was abundant 
organic life. The essential result of the combination of this 
decaying organic matter and the detrital mud was the union of 
the iron and the silica. to form gla.uconite. This glauconite, as 
already stated, seems to have been originally a hydrous pro
tosilicate of iron, without much potash or any other essential 
constituent. For these peculiarities we must look for the 
reason ill the peculiarities of the sediment which prevailed, 
since it is to the variations in the composition of this that the 
varying composition of glauconite appears to be due. 

The most marked cha.racteristic is perhaps the absence of 
potash. But it must be r emarked that this constituent, while 
commonly a.n importa.nt feature, does not seem to be essential. 
Glauconite from the Calca ire Grassier of the Paris Basin, 
analyzed by Berthier,* gave the follo .... ing results: 

Silica........ .... .... .. . ..... . .. . . . .... Si02 40 .00 per cent. 
Alu wiua ... .. . . . ... . .. . . .. .. . .. ... .... . AI20 a ].00 " 
Protoxideot Irou . ......... .. ..... .. .. .. F<:20a 
Sesquioxide of Iron . ........ " .. .. . ... .. . . FeO 24.70 " " 
Lime ............. . ... . ....... ....... . . ..... CaO 3.30 .. " 
Magnes ia ... ... ............... ... .. . .... . .. MgO 16 W " " 
Potash ....... .. .. ....... ... . ....... ...... K20 1. ,0 " " 
Water .... .. .... ... ... ... ........... ...... . H 20 It.eo " " 

Total ... . . . .... •• ..... 100.00 p.:!r cent. 
'An nales de. MineR. 6. 1~1,)J. ~5r.. 
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It; is soon in this analysis tha~ the potash is one of the least 
important constituents of t.he rock. In another analysis * by 
the same chemist, no potash nor soda were reported. These 
analyses were the first to determine the actual nat.ure of glau
conite, alld were accepted as the standard composition of the 
mineral. Many anal ysest show only between three and four 
per cent. of potash ; while a specimen analyzed by Murray and 
Renard,! from off the coast of Australia, afforded less than one 
per cen·t. 

While the iron and the silica for the formation of the glau
conite are derived directly [rom detrital mud. it is stated by 
Murray and ~na.l'd that the potash must be derived from the 
sea-water in which it exists in solution. The sea-water derives 
it from the fragments of the land-derived rocks which accu
mulate upon the bottom. The discussion is concluded as 
follows: 

H we recall the observations with reference to the geographIcal distri
bution and mineralogical and llthologlcal association, it seems possible 
to suggest, with a coosiderable degree of certainty, the relative abun
dance of potash in the deposits where glauconite is forming. It was 
pOinted out that glauoonite was always associated with terrigenous 
minerals, and In particular wiLh orthoclase, more or less kaolinized, and 
white mica, and with the debris of granite, gneiss, mica-schists, and other 
ancient rocks. We cannot fail to be struck with these relations, tor It. Is 
j ust tbose m! oerals and rocks that must gi ve blrtb by tbeir decomposition 
to potassium, deri"ed from the orthoclase and the white mica ot the 
gllelsses and the granjws . ~ The minute particles of these rocks and 
minerals, whicb make up a large part of the muddy matters settling on 
the bottom beyond the mud-line around continental shores, would readily 
yield under the action of sea-water tbe chem ical eh~Olen!.S that are de
posited In the rorm of glauconite in the cbambers of foraminifera and 
other calcareous organisms. 

In this case, it becomes necessary to consider what was the 
nature of the rocks whence tile sediments of the glauconite
building zone were derived. Older tb,an this formation, except 
the basal and underlyi.ng quartzyte, wh ich is conformable and 
therefore can have contributed little sediment tq the glauconite 
zone, there are only the altered and schistose rocks and gran
ites of the pre-Animikie formations. The granite of the Giant's 

'Annales des Mlne_, 8. 18!l1. p. 4W. 
tAnn. Rep. New Jeney Geol. Survey, 1892. p. m . 
~Keports Cballenger ExpedItIon, Vol. Deep Bea DepOSits. 1892. p. 3S7. 
fIt blUl Deen shown. In tact. by Gulgnet and Telles, that the watl!rot the B",y ot Rio 

Janeiro contaIns a large amount ot potasslun> salts. evidently due to 1 he ptesence ot 
aDclent rocks In this bay. (See Comptes Rendus. tom., Lxx~lll, p. 010, 1878). 
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range has a.lready been briefly described, as well as those Kee
watin schists which lie to the south of the granite belt. on the 
Mesabi range. It is not as yet possible to say exactly what 
was the land surface at the time of the deposition of the iron· 
bearing member, but it seems to have been of the general na
ture of the complex of pre-Animikie -rocks which occupies the 
whole north·eastern part of the state, to the north of the 
Giant's range, and it may well have included this actual region. 
These schists, gneisses and granites appear to have been in 
practically the same condition as now, at the time of the depa 
sition of the Animikie sediments, as previously shown. 

It seems at first as if we have bere rocks which, a.ccording to 
Murray and Renard, in the quotation just made, should furnish 
an abundance of potassium, and that the glauconite should 
normally contain a larger percentage of the same mineral, if 
this region were actually the land surface adjacent to the shore
line. There has as yet been made no thorough study of the 
rocks of this region, but so far as is kuown, these rocks, in· 
stead of containing an unusally large amount of potash, have 
an unusually small quantity. Several analyses of granites from 
this region have invariably shown that the rock was a soda
granite, with a small. often inSignificant amount of potash .* 
One of these analyses is of granite from the Kawishiwi river, 
and contained 5.01 per cent. of soda, with 1.68 per cent. of pot
ash. Another, of the granite at Saganaga lake. contained 4 33 
per cent. of soda. and 0.71 of potash. Although these are pel'
haps extreme cases, they do not seem to be uncommon, and 
the other analyses support the statement that, so far as has 
yet been ascertained, the ancient granite of this area, which is 
of pre-Animikie age, is pre· eminently a soda·granite, and con
tains an unusually small amount of potassium. 

Concerning the schists, which is the other source from which 
the sediments of the iron-bearing member must have been 
chiefly derived, we haye, as ill the case of the granites, not 
enougb knowledge to make positive assertions; but so far as 
is known, there is in these rocks the same small amount of 
potash . T hese scbists are ma.inly basic, and a large part of 
them are probably of either direct volcanic origin, or have 
heen derived from volcanic rocks through some assorting a.nd 
rearranging under atmospheric conditions. 

' Twenty-first Ann. Re p. M!n n. Geal. "nd Na.t. Bin. Sur vey. pp. U Bnd ~. 
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An ana.1ysis of Keewa.tin green schist from Tower gave the 
following results:" 

Silica . ... ......... .... . .. ... . .. . . ......... 8102 50.41 per cent. 
Alumina . ...... .. ......... .. , .......... AbOa 1845"" 
Sesquloxlde or Iron . .. .............. .... Fe2 03 2 .13 " " 
Protoxide of Iron . . ..... . ..... . ............ Fl:O 1.14 " " 
Lime . ........ . . . .......... ................ CaO 6.6\ " 
Magnesia ......... .. . . .... . . ... . .......... MKO 6.90 " " 
Potash ... ........ . ..... . .. .. ............. K20 0.31) " " 
Soda .................................... Na 20 2. 58 " " 
Phosphoric acid ....... . ....... ........... P2 O~ traces. 
Water ............................ ..... .... H 20 :!.J4 per cent.. 

%tal........... ........................... ~.~ 

Another ana.lysis of a. rock of this sort. t from the falls of 
the K&\vishiwi, south of Fall lake, shows the following compo· 
sition. Analysis by C. F. Sidener: 

Si lica ...... .. . ... ........... . ........... ... SIO. 
Alumina ............... . ............... AI IG. 
Sesquloxlde or iron .. . ................... Fe,OI 
Protoxide of iron ......... .. _ .. .. .... ... .. FeO 
Lime ........... ..... . ........ " . ......... CaO 
Magnesia ................................. MilO 
Potash .......... ... . .. ................... K .O 
Soda .................. ... ...... .. ... .... Na.O 
Water ................... . ......... .... .. n.o 

43.96 per cent. 
16.03 " 
10.60 " 
8.73 •• 
9.54 " 
6.56 " 
0.27 .. 
1.62 .. 
1 .!t4 .. 

" 
" 
" 
" 
" 
" 

" 
'rotal ................. ..... ................... 99.06 

Professor G. H. Williams, in his work on "The Greenstone 
Schist. Areas of the Menominee and Marquette Regions of 
Michigan."! has made a more thorough study of these older 
schists in another part of the Lake Superior country. As far 
as can be seen, the schists of Minnesota are identical in v£lry 
many respec;ts wi th the rocks he re described, and . so the r e
sults ot this work may be compa.red with interest. althuugh 
with caution. T hese rocks were found in a large part to be 

a.ltered eruptives, ma.inl.y basic in character; a.nd mO:3t of the 
analyses given show a. la.rge a.mount of soda.. and a small 
quantity or potash.§ Occasionally the reverse is the case, but 
in the region as a whole, the small amount of potash is marked. 

Thus, so far as we can go, the region from which the iron
bea.r ing rocks derived their sediments was one in which the 
rocks conta.ined potasSium in very sparing quantity, both in 
the schists and in the gneissic and granitic rocks. I t will 
probably lead to interesting results to investigate this subject 

• Seventeenlh .... nn. Rep. !4inn.ot.&. 0901. SU r vey. p. 1'!J, 
fBulLnln No. a. Mlon. GeQI. Survey , p. 38. 
SBulletln nr !.he U. S. Goo!. 8u"e,.. ~o. «I. 
Ill)ld .. pp. 7#1,~, 01. ICIi. 1l3, II~ 12), iii, 8~. 
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still further, and to discover whether tbis rule actually bolds 
for the wbole or a large part of this area. 

While thus neither tbe granites nor the scbists could can· 
tribute much ·potassium to the formation of the glauconit.e, the 
detritus from the basic schists contained a large quantity of 
iron, and formed an abundant supply for tbe growth of the 
deposits. 

Tbe change at the top of the iron bearing member to tbe 
calcareous horizon indicates a furtber subsidence of the area, 
so that the distance from the shore· line became so great that 
under the conditions very little mechanical detritus was 
brought, and tbe deposit was mostly made np of calcareous 
matter, probably of organic derivation. There is mingled with 
the lime, however, much fine green material wbich appears to 
be glauconitic. and so it is probable that through this zone 
there was still some of this substance formed. Above the 
limestone horizon comes the great body of siliceous slates. 
This indicates a rather sudden change from the previously ex · 
isting condition, and an abundant supply of fine sediment. 
This was probably the result of an elevation of the area, so as 
to bring it within the mud zone; but the change of sediments 
may have been occasioned simply by a change of currentS, 
caused by disturbances in some other locality. 

In the Cretaceous and Eocene greensand of New Jersey· 
there is a succession of strata which is somewhat similar to 
that which is found in the Animikie rocks, resulting from a. 
gradual subsidence of the area of deposition. Immediately be· 
low the glauconitic beds is the Raritan formatiqn, composed 
chieRy of sands and clays; and a shallow water sediment, as is 
shown by various evidences. t The conditions of its deposition 
may be SQmewhat broadly held to correspond wi.th that. of the 
lower quartzyte of the Animikie. Above the Raritan formation 
the beds are glauconitic for a considerable thickness, though 
the amount of glanconite varies in different horizons, appar· · 
ently a.ccording to changing conditions of deposition. These 
beds are called the Clay Marl Formation, the Lower Marl Bed, 
the Red Sand Formatio,n, the Middle Marl Bed', the Upper Marl 
Bed, and the Shark River Marl. Throughout these divisions 
the glauconitic beds contain horizons which are largely argil 
laceous or calcareous. The whole series is ove'rlaid by shallow· 
water Miocene sedim~nts . 

In extent these greensands are comparable with the iron
bearing beds of the Animikie. The estimated thick,ness of the 

• Annua.l Rep. New .Jersey GeoL Survey, lAre, pp. 16~~~. 
t Ibid .. 18'J.!, p . lsa. 
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various beds of the glauconitic zone amounts to over five hun· 
dred feet, and the lateral extent wa.s great. In the preliminary 
ma.p of portions of Monmouth and Middlesex counties, ac· 
companying the report of the New J ersey Geological Survey 
referred to, and apparently including only a small portion of 
the greensand districts, these glauconitic beds occupy a.n area 
of over three hundred square miles. 

For the characteristics by which the Mesabi iron.bearing 
rock differs from more recent greensand deposits, we have to 
consider the extreme length of time during which it has been 
exposed to degradational and reconstructive processes. Not 
only the structure of the rock, but also the chemical composi· 
tion, has thus been permanently changed . In the ground· mass 
which originally surrounded the glauconitic grains, we may 
believe that there was originally some calcareous matter, as 
well as siliceous; hut this limy matter would be one of the first 
things to be removed by the dissolving waters. Tbe poverty of 
the rocks in phosphates is prObably to be explained in the same 
wa.y, as compared with the phosphates in the New J ersey and 
other greensand deposits. The phosphate of lime, which we may 
believe, from analogy with more modern deposits, was present, 
in the shape of nodular masses scattered through the ground· 
mass, was easily soluble and quickly removed. To the great 
lapse of time must also be chiefly ascribed the possibility of 
decomposing so thoroughly the gla.uconite, and concentrating 
the resulting minerals. Deposits of iron ore of workable value 
arising in this manner are not known by the writer to have 
been described in any of the more recent formations, although 
Penrose. suggests that "the glauconites of the Upper Creta· 
ceous of Texas may have in part afforded a supply of iron for 
'the T ertiary deposits, while the Tertiary glaucouites have 
probably had but little to do with the formation of Tertiary 
ores. though they may become a source of iron for future ore 
deposits. " 

Possibility of Finding Traces · oj Organic Forms. 

With a view to finding whether the forms in which the glau· 
conitic grains sometimes occur ha.ve any resemblance to organic 
bodies, a thin section from the freshest specimen collected, 53·1, 
was submitted to Dr. Robert T . Jackson of Harvard UniverSity, 
and to his kindness the following expression of opinion is due: 

,,[ have examined your slide carefully and should say that 
there is no evidence of organic structure in any part of it. The 

-The [ron Deposits or Arkansas, Ann. Rep. A~k. Geol. So .v., 1092. "01. l. p. 1:!'J. 
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round or rounded grains of crystallized calcite (as I suppose), 
are appareutly concretionary aggregations, and cannot safely 
be considered as organic or replacements of organic matter. 
The 'glauconite' particle in the centre of the indicated field shows 
superficia.l striated structure, but is unlike anything I know in 
Foraminifera. I t has no appearance of organic matlier, and its 
structure is doubtless of mechanical origin. 

"In rocks as old as those under consideration, you would need 
\'ery good material t.o prove organic material. This slide cer
tainly does not show it. I sht)wed the slide to Mr. B. H. Van 
Vleck, who is a very competent judge in the microscopic 
structure of plants and animals, and he positively affirmed that 
it showed no organic structure. I a.lso showed it to Professor 
Alpheus Hyatt, who coincided in the opinion." 

It is not. impossible, ho\vever, that further study of more 
favorable sections may succeed in finding the traces of the or
ganisms which may once have existed in these rocks. A close 
compa.rative study of the glauconite grains wo~ld very likely 
be rewarded as well as research in any other field; and the light 
that such discoveries would throw upon the conditions of this 
as yet almost unknown period would be of the greatest value. 

NOMENCLATURE. 

Although the various rocks of the iron · bearing member have 
been minutely described, yet no name has . been found which 
seems to be applicable even to the more ordinary phases of t.he 
rock. Originally the rock was probably a g reensand, with more 
or less siliceous and calcareous matter; but in th~ greater part 
of the rocks there are very few traces of the original structure 
and composition. The term "greensand" is ha.rdly applicable 
to a firmly consolidated rock. Ehrenberg ca.lls the consolidated 
greensand ot R ussia "gre'ensandstone" (grunsandstein); but 
neither is this term applicable to this altered rock. A green
sandstone bears the same relation to gree.nsand as does sand · 
stone to sand; but the rock of the iron-bearing member of the 
Animikie ma.y be supposed- to bear a relation to greensandstone 
somewhat similar of that of a. profoundly altered quartzyte to a. 
sandstone. It seems necessary, then, to have a means of des · 
ignating this altered greensand. 

Upon the Mesabi range, the term "ta.conyte·' ha.s come into 
very general use as a. designation of t.he iron· bearing rock in 
general. This term was first proposed by Mr. H. V. Winchell 
for the rock enclosing and constituting the ore-bodies. * 

' Twentleth Ann. Rep . Minn. GwL Survey, p.12" 
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Whatever may be the opinion as to the fitness of derivation 
of this word, it has obtained such currency, especially upon 
the Mesabi I ron range. as seems to warrant its retention. It 
is therefore proposed that the term be applied to rocks of 
this character, which appear to be altered greensandstones . 
The nature of the typica.l tacooyte may then be briefly de-
scribed as follows: • 

The rock consi.sts of a ground· mass of silica, which is usually 
cryptocrystalline, although it may be finely phenocrystalline. 
or chalcedonic. In any case, the silica is evidently secondary, 
and a precipitation from solution . Through this ground-mass 
are scattered rounded or angular bodies, which have been called 
granules. These perhaps a.verage a thirtieth of an inch in 
diameter. Tbey represent partly original grains of glaucon
ite, partly the result of the processes of metasomatosis, a.nd 
are composed of glauconite, siderite, hematite, magnetite, 
limonite, or cryptocrystalline silica, tbese mi.nerals occurring 
either singly or associated in all proportions in the different 
granules of different phases of the rock. There a.re the acces
sory minera.ls actinolite, calcite (magnesit,e), chlorite? kaolin ? 
pyrite, epidote and apatite. There is no original crystal form 
in the rock, and the essential minerals generally do not show 
it. As a result of secondary crystalliza.tion, it is often seen in 
the magnetite and siderite, and always in the actinolite. Among 
the most important minerals, where several occur together. 
the relation is such as to show that one is derived from the 
other, and that the glauconite ha;;; been the original mineral 
whence all the others have been formed, as the more or less reo 
constructed products of its decomposition. Among its physi
cal peculiarities, the rock may be said to be generally hard, 
with a fracture that varies from conchoidal to irrl'!gular; no 
cleavage, but a tendency to a prismatic vertical and a parallel 
horizontal jointing. In color it may be various shades of gray, 
red, or green, according to the varying composition. 

Taking this rock as a type, the more altered types which are 
derived from the same source may be designated by prefixing 
the word "taconyte," indicative of their origin , to the word 
which expresses their physical peculiarities. Thus there may 
be "taconyte slates," "taconyte clays," "taconyte chert,·' "ta
conyte jasper, " and so Oll. No word, however, can be used as 
the last term in these appellations which implies an origin con · 
trary to the one explained. It is not possible, for example. to 
have a "taconyte sandstone" or a. "taconyte quartzyte,' although 
the rock may in its pbysical peculiariLies somewh'at simulate a 
sandstone or a quartzyte. 



OHAPTER XII. 

8UUMARY STATEMENT'. 

In ~he few succeeding pages a concise sta.tement of the more 
important princi~les with which this bulletin deals will be 
~pted. 

LIMITS OF THE MESABI RANGE. 

The Mesabi range in Minnesota. may be for convenience 
separated into three geographi.cal divisions, characterized by 
sufficient geologic",l diffe rences: The Western Mesabi; 
which extends from the Mississippi river to the Embarras 
lakes, on the eastern edge of range 16 W.; the Eastern 
I\{esabi, rea.chir.g from the Embarras lakes to the region of 
Gunflint la.ke; and the International Boundary division, which 
stre tches from Gunflint lake east to Pigeon point. In the 
Western Mesabi region lie all the mines at present worked, 
and it is to this section alone that the observa.tions made in 
this chapter are intended to be strictlya.pplica.ble. The chief 
ore-bearing district lies between the Mesabi Chief mine on t.he 
west and the Hale on the east, a distance of about forty 
miles. 

GENERAL 'STRUCTURE. 

The lowest rocks of the rp.gion a.re greenish schists, which 
belong in the Keewatin formation. These schists a.re cut by 
a. great belt of intrusive granite, which runs the entire length 
of the iron-"bearing district and usually forms the summit of 
the divide between the Mississippi and the Red River basins. 
Unconformably upon these older rocks lie the gently dipping 
Animikie strata. 

There are three chief members of the Animikie in the iron
bearing regions, as definitely known' at present. Lowest is a. 

.Thls chapter Is substallt hLlly as publ!~hed In tbe .d.mu·~n G.aloalat for Ma.y, 1891, !n 
u pa.per entItled ···The Iron OrMof the Mesab! Range." 
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quartzyte; upon this lie the iron -bearing rocks; and finally 
there is a great thickness of black slates. The base of the 
slaws is calcareous, and becomes in places an impure limestone, 
often dolomitized or sideritized. 

'1'he iron· bearing rocks occupy a definite and constant hori· 
zon between the quartzyte and the slates. They are marked 
by peculiar a.od characteristic features, and have always been 
recognized as invariably associated with the are d~posits. 
They seem to have a nearly uniform thickness, which may be 
estimated as between 500 and 1,000 feet, with an average of 
perhaps 800 feet. 

MINOR STRUCTURE OF THE ANIMl}{lE. 

The are· bearing region of the Western Mesabi affords a 
peculiarly valuable field for investiga.tion, for the rocks have 
suffered only very slight disturbance since the time of tlleil' 
deposition. The general structure is a monocline, which dips 
slightly east of south, at a gentle angle, which averages per· 
haps ten to fifteen degrees. On the eastern end of the West
ern Mesabi there has been some slight additional disturbance. 
There is evidence leading to the belief that a wedge shaped 
a.rea- eight or ten miles in length, lying mainly in 'r. 58-17, 
has been faulted up above the surrounding rocks; the amount 
of vertical displacement being perhaps 500 feet. T his may be 
called the Virginia area, from the town of that name which 
is in the vicinity. To the east of this upthrust area, there is 
as far as the Embarras lakes at least (a distance of five or six 
miles), a gentle folding of the strata, which appears to have 
been contemporaneous with the faulting. These disturbances 
may be provisionally believed to have occurred in later Kewee· 
nawan or post-Keweena.wan time, and to have been contempor· 
a.neous with the monoclinal tilting. 

CHAR.ACTER OF THE IRON·BE.ARlNG ROCKS. 

The rocks of the iron-bearing member exhibit great diver · 
sity. The most common sort is massive and siliceous, and is 
thickly spotted with small round darker areas, consisting 
mainly of iron oxide. From this there are many deviations; 
and often the different varieties cannot be said to resemble one 
another in any way, either in the field or under the microscope, 
or on chemical investigation. But specimens are constantly 
found which show one variety changing into another. Thus it 
soon became evident to the writer that all the rocks of the 
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iron.bearing member, however different, were closely allied in 
origin, and were probably derived from a. single primitive 
type. T his same principle has already been shown by Irving 
and Van Rise for the Penokee-Gogebic rocks.· 

NATURE OF THE ORIGINAL ROCK. 

A careful macroscopic and microscopic study of a la.rge num
ber of carefully selected specimens was made, with very satis
factory results. Nea.rly every detail of the changes from one 
phase into a.nother could be made ont a.nd the causes a.ssigned. 
The cbanges were seen to be those of metasomatosis, and the 
inciting agents seemed mainly a.tmospheric. The orIginal rock 
of the series was quite uDLllistaka.ble. Typically it ma.y be 
briefly described as follows: 

In a ground mass of cryptocrystalline, chalcedonic, or finely 
phenocrystalline silica, are thickly strewn rounded or sub-a.ng 
ular bodies, made up chiefly of a green mineral, very slightly 
pleochroic, and without cleavage; under crossed nicols it ap
pears in some places amorphous, in others extinguishing as a.n 
aggregate . 
. Analyses showed this mineral to be essentially a hydrous 
silicaoo of iron, and selected sections kindly examined by Dr. 
J. E. Wolff, of Harvard UniverSity, were stated by him to 
"resemble in all physical characters glauconite." In one es- · 
pecially fresh specimen there were also rounded grains of cal
cite (probahly magnesian), apparently origina.lly detrital, and 
in some limited areas these increased in number till they formed 
nearly the whole bulk of the rock, These glauconitic carbon-
8000 layers are nearly identical in appearance with the glau
conitic St. Lawrence (Cambrian) limestone of Minnesota, of 
which sections were cut and compared. Dr. Wolff suggested 
tentatively tha.t the rock was an altered greensand. This 
appears to the writer to be the correct view. There is, how: 
ever. a peculiar feature shown by chemical analyses-a con· 
stantly very small amount of potash. 

THE PROCESSES OF CHANGE: 

It is quite certain that from this rock are derived near,Iy an 
the other phases in the iro[,-bearing member. In t.he altera
tions there are various processes, differing by reason of the 
varying forces which have been brought to bea.r upon the rocks. 

'Tenth Ann. Rep., U. S. Goo!. Sur-vey. 
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The most common, which ma.y be called the 1l.01'mall)J·ocess. ap
pears to take place under scant access of atmospheric agents. 
The decomposition of the green miner3.l is the noteworthy 
event. It breaks up, forming chiefly silica and the iron oxides 
or carbonate, so that in by far the commoner phases of the 
rocks the rounded bodie<; or granules are composed entirely of 
these decomposition products. 

The various stages in the rearrangement of the silica and 
the iron oxides or carbonate constitute the succeeding phases. 
The chief cause of their sepa.ration lies in the different condi. 
tions under which these two chief constituents are taken into 
solution. From very careful study of t he separation and con
centration of the silica and the iron . there may be deduced 
two rules. First, in regions of comparatively free oxidation, 
cbalybea.oo waters deposit iron and remove silica.. Thus bands 
of iron are formed along cracks and fissures. whether macro
scopic or microscopic, replaCing the Silica; and iso!at.ed spots 
weakened by weathering become by repla.cement blotches of 
iron oxide. Conversely, in regions of extremely scant oxida· 
tion, waters deposit silica and remove iron in solution. Thus 
the portions which a:re most porous become richer in iron and 
lose their silica; this iron is derived mainly from the a.djar.ent 
unoxidized parts of the rock. a.nd into these unoxidized parts 
the silica from the oxidized portions is constantly carried. The 
final result 'is an almost complete separation of iron and silica. 

CHEMISTRY OP' THE PROCESS. 

The chemistry of this process seems to be approximately as 
follows: 

Most atmospheric wat.ers contain, among other things. car
bonic acid, oxygen, and certain amounts of the alkaline salts. 
Carbonic acid gives water the power of taking iron into solu
tion; while the alkaline salts are slower but ready solvents 
of silica, especially in the finely divided cryptocrystalline 01' 
chalcedonic state in which it is usually found in these rocks. 
These waters find their way into the rock, ",nd to some degree 
into the firmest portions. As they begin to penetrate inward 
from the crevice along which they came, the oxygen unites 
with the unoxidizt:d elements of the rock, decomposing some 
of the minerals, and extending the w eathered zone. By the 
decomp03ing action of this oxygen, carbonic acid may be set 
free; and the same product ma.y resul t from the action of 
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acids, either brought in by the water or developed during de
composition. The water thus passes further into the rock 
free from oxygen, but hi.ghly charged with carbonic acid. 
Aided by the pressure under which it is placed, it readily 
dissolves the iron. The affinity of the alkaline solvents for 
the silica is so much weaker than that of the ca.rbonic acid 
for the iron tbat the water becomes saturated with iron, with
out a.ny appreciable quantity of silica. being taken up. The 
solution finally finds its way again out into a zone of great.er 
oxidation, snch as a crack. U pon the access of oxygen and 
the releaso of pressure, most of the iron is prectpitated. As 
the solvent power of the water is now renewed, the alka.line 
salts become a.ble to take silica into solution. Thus iron re
places silica. Next the water again finds its way illto an un· 
oxidized region, and under these conditions again takes iron 
into solution, which compels the precipitation of some of the 
silica; so that here silica replaces iron. Finally, this process 
brings about an almost complete separation of the two minerals. 

THE CONCENTRATION INTO BANDS . 

Most often weak and firm parts alternate closely in the 
rock, usually being arranged in narrow horizontal zones. If 
the weak zone is one of compa.ratively scanty oxidation, the 
iron may be deposited as carbonate; if of freer oxidation, as 
the hydrous sesqui·oxide. So in the final concehtratiou we 
may have a very well defined banding of cherty silica with 
siderite; or, more usually on the Westerc Mesabi, bands of 
silica (usually ferruginous), alternate with bands of iron oxide 
(usua.lly siliceous). The crytalliza.tion of the latter gives the 
typical "jasper and ore," which is occasionally found on' the 
West€rn Mesabi, but is not so common as in others of Lake 
Superior iron regions. 

RESULTS OF ACCUMULATED STRAINS. 

The change from the oxides of iron to the carbonate, a.nd 
from the carbonate back to the oxides, has been found by 
study with the microscope to be very common, and the same 
iron may repeatedly undergo the metamorphosis, with cbang
ing conditions. When the most of the rock is thus altered, 
there is an appreciable change of bulk, the oxidation of the 
carbona.te being att€nded by contraction, and the carbonata.
tion of the oxides by expansion of the rock. The loss of the 
more soluble products of decomposition has also a ma.rked 
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contract.ile effect, very early in the rock's decay. These con· 
tractile and expansile tensions, occurring sometimes in differ_ 
ent parts of the field, oft.en successively in the same part, have 
given rise to many of the physical peculiarities of the rock. 
Among the effects of the contractile tensions there is a very 
common smooth, vertical, prismatic jointing , and the develop· 
ment of closely set horizontal joints. which somewhat simulate 
cleavage. It is these horizontal joint·cracks which become 
the seat of deposition of the iron from the percolating waters; 
and thus the parallelism of the banding is explained. With 
the advance of decomposition, the horizontal cracks become 
more numerous, and the bands of irou which are formed along 
them often grow till they unite. It is to this cause that the 
beautifully bedded character of tbe ore·deposits must be chiefly 
ascribed. 

T he expausile strains lead to breccias, and to local faulting 
and folding, especially in the ore bodies. They also give rise 
to shearing movements, which have in many places altered 
the rocks for a limited distance and induced a schistose or 
slaty structure. This shearing process forms one of the chief 
deviations from the normal process of change. 

VARIATIONS FROM THE NORMAL PROCE.S!3'. 

Another important modification of the u~ual manner of chauge 
follows the exposure of a considerable area to freely oxidizing 
forces. This condition is nearly always found at the surface, 
and often deep into the rock, following zones of weakness, 
induced chiefly by regional disturbances. In these parts of the 
rock tbe various stages of decomposition and concentration are 
hurried forward with such comparative swiftness that the 
phases of rock thereby produced are different than those pro· 
duced by the normal process. In these rocks the iron is con· 
centrated into large bodies and impure disintegrated silica and 
clay is left behind. Thus, among the ferrated rocks, the ore· 
bodies are formed. Among the leached rocks ~he most com· 
mon are the "paint rocks," which bave, subsequent to their 
leaching, usually become iron·stained, so 1ihat the.y form a stiff 
clay, red, yellow or brown in color; also a cream white 
residual clay, which has been mistaken for kaolin. On analysis 
the last proves to be mainly free silica, with a small amount of 
silicate of alumina and impurities; and, in one place at least on 
the Western Mesabi, it is a nearly pure sillCa powder. 
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Least importa.nt among the causes of change has been the 
impregnation of the rocks by minerals apparently derived from 
without the iron-bearing member and brought by percolating 
waters. Calcite is the chief of these minerA.ls; and the cal· 
citized portions of the iron_bearing rock are distribut.ed near 
the contact with the calcareous stratum of the black slates. 

THE FORMATION OF THE ORE-DEPOSITS. 

It has already beeu stated that the bands of iron owe their 
existence to previously formed zones of weakness. From the 
narrow band there may be found every gradation upward in 
size. till the body of iron becomes large enough to merit the 
name of an ore-deposit. These ore-deposits are often very 
large. being occasionally nearly a mile in their longest extent_ 
The are is usually h emati te, loose and granular. and when of 
best quality·is of a blue or brown color. Typically there is a 
portion. near the surface. which has become hydrated into 
yellow limonite or g t:. thite. Often these are· bodies rest upon 
the basal quartzyte; often again they rest upon the 
hard and little · altered iron-bearing rock itseU. The con
ditions under which they form seem identical with those nec
essary for the growth of the narrow bands of iron in the banded 
" jasper and are. ,. In bo th cases the iron bas. concentrated in 
an area of especial weakoess. IIi the case of the band the cause 
of the small area. of weakness has already been explained. In 
considering the cause of the formation of the ore·bodies, it is 
only necessary to find lhe cause of the development of so great 
regions of wea.kness. 

The richest are producing region thus far developed is that 
which lies in T . 58-17. a.nd surrounds the Virginia. area, follow
ing the supposed fault lines. Immediately east of these lies 
anot·her rich group, near Biwa.bik, in the somewhat disturbed 
stra.ta adjacent to the upthrust area. At the Mountain Iron 
mine there is strong microscopic evidence of a disturbance, 
probably a fault, while at the other important miDes there has 
not been sufficient exploration to enable one to determine their 
peculiarities. So the conclusion may be reached that the most 
importa.nt of the ore-bodies owe their existence to regional 
disturbances which have produced large areas of weakness. 
Faults, especia.lly, a.re a.ccompa.uied by the development of 
such areas. and in folded cegion~ the summits of a.nticlines, a.nd 
to a less degree the troughs of synclines, a.re wea.kened. 
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In the opening up of a great area of weakness. moreover,sucb 
as attends a fault·plane, a channel for the surfa.ce waters to find 
their way down is often a.fforded, and the shallow underground 
drainage for a considerable distance is deflected into the fault_ 
fissure. The increa.sed supply of water, emerging saturated 
with iron from percolating through the decomposiog iroo .bear
ing rocks, is an important factor in the formation of the ore. 
The chemistry of the process is practically the same as for the 
small oxidized a.reas which produce bands. Waters emerge 
heavily laden with iron into this zone of oxidation; bere they 
precipitate their iron aod are e!l(~·bled to t.ake ioto solution and 
carry away some small quantity of silica. The effect of the 
underlying impermeable quartzyte is important, since it deflects 
the surface waters into the wea.k zone, instead of absorbing 
them. Owing to the crystalline nature of its qnartz, it is hardly 
or not at all replaced by iron, and thus it forms an unaltered 
stratum, even in the weakened zone, upon which the ore-body 
may accumulate. 

In addition to this, smaller ore-bodies may be formed near 
the surface, at the bottom of the highly weathered zone, and 
resting upon the little·altered rock below. Inequalities in the 
decomposition produce small basins in the hard rock below, in 
which waters collect and finally deposit their iron. 

It may be noted that the impervious dikes, which have been 
shown by Irving and Van Hise to have been important in the 
concentration of the irou in the ranges of the South Shore, es
pecially in the Penokee-Gogebic, have played no part upon the 
Mesabi. Upon the whole length of the Western Mesabi there 
has not yet been discovered a single dike or other igneous 
rock in the Animikie. 

It must be remembered that in no single case has an ore· body 
been mined out, or even explored sufficiently to give a complete 
knowledge of its features, so that much valuable information 
must come to light in the future. 

DATE OF THE CONCENTRATION. 

There is no positive evidence as to the exact time of the dis
turbances which ultima.tely brought a.bou~ the forma.tion of the 
great ore-bodies. It may be considered, however, pending 
evidence to the contra.ry, that they were contemporaneous with 
the monoclinal tilting. and that they occurred in later Kewee
nawan or immediately post. Keweenawan time. 
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The Eastern Me8abi. 

The Eastern Mesabi differs in rega.rd to its iron from the 
Western Mesa.bi in' that it contains a much larger proportion of 
magnetite, which is associated with somewha.t more crystal
line silica.. As these peculiarities are associated with the 
presence of the igneous rocks of the Keweenawan, and since 
they fade out as the distance from the Keweenawan area in
creases, it appears probable that, as has been suggested by H. 
V. Winchell, * the advent of these rocks was in some wa.y COD

nected with the magnetiC condition of the iron. If tbis be the 
case, we must conclude that most of the ba.nded magnetite of 
the Eastern Mesabi has been concentrated prior to Keweenawan 
time. But the lack of large ore-bodies in this region shows 
that up to this time the concentration had not occurred on a 
very large scale. It is probable that the same force which pro_ 
duced magnetization put a serious check upon the separa.tion 
and concentration of the constituents of the rocks, causing the 
degree of concentration in that region at the present time to 
be behind that of the Western Mesabi. 

The Oretaceous Conglomerates. 

There are upon the Mesabi sma.ll patches of Cretaceous 
rocks, lying upon the Animikie strata. In the area. exa.mined, 
t.hey are chiefly conglomeratic, and the fragments are mainly 
derived from the iron· bearing rocks. A study of these frag. 
ments shows two things; first, that at the time of the formation 
of the conglomerate there existed hard iron ore in the iron· 
bearing member; and, second, that much of the rock bas been 
decomposed and bas had its iron concentrated subsequently to 
being taken into the Cretaceous beds. 

We ma.y conclude that the process of concentration has been 
going forward since early Keweenawan or pre·Keweenawan 
time, and there is abundant evidence that it is going on at the 
present day. 

SUMMARY. 

The most important conclusions to which the study of the 
iron· bearing rocks of the Mesabi have led may be briefly reo 
capitulated as follows: 

1. At the beginning, the rock was probably of sedimentary 
nature, consisting mainly of glauconitic grains, with probably 

'TwenUetb Ann. Rep., Mi ..... OeQi. Survey. L) . 1<16. 
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some associa.ted ca.lca.reous a.nd siiiceous matter. All these 
materials a.re believed to have been derived by the reconstruct
ive action of marine organisms, upon flne detrital silt from 
subaerial erosion, in moderately det!p seas, somewhat remote 
from shore. 

II. The elevation of these beds brought them under the 
reach of a.tmospheric influences. Percolating surface waters 
dissolved out whatever calcareous ingredients there may havo 
been, and brough't about the decomposition of tbe glauconite . 
. This silica.te, from its unstable form, quickly broke up. form
ing, chiefly, silica and iron oxide. 

III. The various stages ot decomposition of this original 
rock, as well as those of certain reconstructive processes ot the 
same, have brought about the variations which characterize 
the present phases of the iron-bearing rock. 

IV. The normal last stage of the decomposition ot the 
origina.l rock and the concentra.tion of the resulting products, 
is the separati.on of the silica. and the iron into separate ba.nds 
or bodies. 

V. The iron is concentrated in the regions of greatest oxida
tion; the silica. in the regions of least oxidat.ion. Large bodies 
of iron, therefore, have collected in extensive areas of great 
oxidation. The formation of these weak areas is accomplished 
in various ways, but on the Mesabi chiefly by disturbances of 
the strata. arising from regional stra.ins. The development of 
these strains is supposed to have taken place in later Kewee
nawan time. 





PLATE V. 

'rHIN SECTIONS FROill THE I RON-BEARING ROCKS. 

FiguJ'e 1. 

Section 53-I-C. From a well at the camp of the Chicago mine, S. R.t 
S. E. t Sec. 4, T. 58-16. Specimen taken from the iron-bearing rocks at the 
contact with the upper slates. In the ordinary llght; magnified a.bout 60 
djame~ers. This rock represents tbe least altered phase found upon the 
Mesabi range. The ground-mass Is at very finely divided quartz. Through 
this are seen thickly strewn the rounded and Irregular forms at the 
gra.nules. The dark granules are of· glauconite, green, or brown from 
separation of iron oxide. In tbe large granule at the right the process of 
sillcificatioo has gone on, so that now most ot its bulk is occupied by the 
cryptocrystalllne silica which has replaced the glauconite. In the cen
tral and lower part ot the figure, grains ot carbonate (calcite or dolomite), 
probably originally detrital, may be recognized by their cleavage. Son:e 
of the clear spots in the glauconite areas, especially at the extreme lett of 
the figure, are grains of quartz, whiCh are probably directly detrital. 

Figw'e e. 
Section 130. From S. E. t S. E. :i Sec. ]S, T . 58-19. I n the ordinary 

light; magnified 25 diameters. The ground-mass Is of very finely divided 
phenocrystalline quartz; the granules, whose outlines are seen In the 
figure, as In the section, with all degrees 01 distinctness, are made up 
chiefly of uncrystallized iron carbonate and crypwcrystalline silica, with ' 
small residual areas at glauconitic .material. The original glauconitic 
materia'l has heen In this section almost entirely decomposed, resuitiDg 
in the stparatlon of silica, aDd iron In the torm of carbonate, with a very 
slight amount of iron oxide. The peculiar rio¥ed and spotted structurP
(see Plate YI), which characteri zes the silicIficatIon process, Is stlll pre
served, and may be dImly seen in the large granule near the lower right· 
hand corner. This IIgure Is especially Intended w Illustrate the process 
ot granula1·-brecciation. B ere the breaking up at the granules under the 
stress ot tenSions, developed within the rocks as a result ot tbe chemical 
changes, may be noted. 
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PLAT,E VI. 

T mN SKCTIO!jS FROM TBE IRON-BEAlUN O ROCKS. 

F igu)'f) 1. 

Section 12.5. From Sec~ioD 11 , T. 58- J9. In the ordinary light; mag
nified ~ diameters. Grou nd·ruass or si I ica, finely d I vide<! phenocrystalline 
to finely divided cryptocrystalline. The solid dark granules are of green 
glauconite. The spotted and faintly outlioed granules are composed 
main ly of crypLOcrY!:itaill ne silica, always markedly finer in grai n than 
that ot the ground·mass, together with sid erite, both uncrystalllzed and 
crystallized, and a very small amount 01 i ron oxides, chiefly magneMte. 
All stages of tbe fo rmation ot these siliceous and tast disappearing 
granules from the unaltered gl aucooitic bodies may i>e seen. In tbis 
section also, sume or the efl'ects of granular brecciation may be seen. 

Figul·e 2. 

Same section as figure 1; magnllied 50 diameters. In this section the 
large dark graoule is the same as t hat seen In t he upper left-hand corner 
at fi gure 1. T his Is Intended to show the phenomena ot the process of 
decomposition or the glauconite. The solid dark granules are entirely of 
unal tered giauconlte. T he granule Just above the solid dark granule io 
the lower left baod corner allows the begi nning of decom position; tbe 
large Irregular granules 10 the center show the process well advanced ; 
while in the area in tbe extreme lower left-band corner It Is almost com
pil::ted. Note t be small rings of silica which characterize the process, 
which are surrouoded by glauconite and enclose a core of tbe same 
mat.erial. 
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PLATE VII. 

THIN SECTIONS FROM THE IRON'BEAIU~O ROCKS. 

Figm"e 1. 

Section 18. From N. W. t S. w. t Sec. 2, T. 58-IS. In the ordinary 
light; magnified 50 diameters. The \lgbter colored portions of the figure 
aTe ot very !loely dIvided cryptocrystalline sllica. In polarized light the 
rounded forms of the granules are yery distInct, on account of the some
what finer g rain of tbe silica of which they are made up. Otherwise the 
granules are characterized In gtlDeral only by some dlssem\oated Iron 
oxide, which is usually bardly more than a staining, and often Is not 
present at aU. The result or the disintegration of the original glauconitic 
materlal (small residual fragment.a 01 which are still seen in some parts ot 
this section), bas been th e separation ot the silica and the removal at 
wast of the iron. The spotted-granular structure is thus nearly efl'aced, 
a~ is e"ldellt from the figure, and the rock approaches the condition of a 
chert. The scattered Iron Is beginning w crystallize as siderite, in 
granules and yround-mass alike. The rock Is thus an intermediate stage 
between the norrual spotted-grauular rocks and the slderitic cherts. Note 
the zonal structure of the Siderite cryHals, sb owing tbelr growth by 
successive additions. 

Figure 2 . 

Section 143. From N. E . iN. E. i Sec .. 19, T. 58-19. In the ordinary 
light; magnified 20 diameters. The iigbter colored parts of the figure, 
both In the ground-mass and in the granules, are or very Hnely divided 
sillca. The dark portions are entirely of iron oxide, mostly magnetite. 
The iron oxide shows a concentric arrangement which Is probably due, in 
part at least, to concretionary action. The nucleI around which these 
rlogs have formed, however, are usually the granules which have been 
Hgured and described above. Where the Iron has been removed from 
these t hey are hardly visible, especIally 10 the ordinary light; such granules 
may be distinguished In the upper and right ha nd parts ot the figure. 
No trace of the original glauconitiC material remains in this section. 
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PLA .. TE VIII. 

TUlN SECTIONS FUml THE IRON-BI!:ARING RocKS. 

Figu re 1. 

SecLlon 53·1-B. From same speci men as Plate V, figure 1. In the 
ordinary light; magnified 30 d laruet.ers. Tbls Is at the bell'lnnlng ot the 
process ot chaoge. The ground-mass Is ot cryptocrystalline to finely 
phenocrystalll u6 slltca . The dark granules are maloly ot the dark-green 
Jl'laucon!tic material. Tl:ere Is a good dealot carbonate (maI nly calcite 
or dolomIte) scattered tbrougb the section. Grains at this, apparently 
originally detrital may be recognized by tbelr cleavage, In the upper lett
band part or the figure. 

Figure 2. 

Section 10. }~rom N. W. t N. w. t Sec. 2, T. 58-17. In the ordinary 
lIgbt; magnlned 30 diameter!!. This is nea r the end or the process or 
change. The section Is composed entIrely ot silica and magnetA.te. The 
silica varies from fi nely phenocrystallln6. In general the original ground
mass cannot be dlst iugulshed trom the original granular areas; In some 
cases. howe ver, underorossed nicols, the granules may stili be dlstlllgulshed. 
Thedlstrlbutlonof tbe magnetlt.e has no relation to the nearly-obliterated 
granular ar .. as. In this se<'tion the decomposition ot tbe original mate
rial bas been quite completed. The iron, moreover, Instead ot remalnlnff 
to mark the position ot the granules, as In an earlier stage, has been 
leached out and has crystallized throughout the rock. In the figure tbe 
angular crystal ollUiDe5 of the magnetite masses may be dlstlngulsbed. 
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PLATE IX. 

PEC(Jr,UR STUUCTURES OF TllE IRON 'BEAR!NG ROC1'S. 

Figure 1. 

Specimen 36. From tbe Chicago property, in the S. E. 1- S. E. 1- Sec. 
4, T. 58-16. Slightly reduced trom actual sIze. This rock Is in the process 
of d('composlt\on, and the deeay is proceedlog trom centers scattered 
th rou ghout the mass, thus giving the peculiar pitted appearance. 'l'he 
1)i ts start around a cluster ot iron oXIde or carbonate, wblch has segregated 
during tbe st..ages ot dissolution and concentration. From these centers 

. the decay spreads tJll the whole rock becomes disintegrated. 

F iyw'e 2. 
Specimen 68 . .Ii'rom N. W.1- N. W. 1- Sec. 2, T.~-18 . Slightly reduced 

from actual size. This is one of the brecciated taconyte jaspers wbicb 
are common upon tbe Mesabi. In a dark-gray spotted-granular ground
mass are scattered fragments of finer-grained To('.k, jasperold, wit·h a 
conchoidal (racture_ T hese fragments are usually completely oxidized to 
a brlgbt red color, although in some cases only the peri phery has been 
oxidized, and the rest of the fragment remains In color gray, like the 
ground-mass. A large fragment of this sort, witb an oxidized border, may 
be seen in the rlght.-haod part of the figure, just below the specimen 
number. Under the microscope, the structure ot the unal tered tragmen'uS 
is found to be essentially the ~arue as that of the ground-ma5s. The 
origin of this breccia Is In chemical causes. The rock has been shattered 
by the discharge of accumulated strains arising trom metasomatic 
cbaoges, 
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