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ADDRESS. 

THE UNIVERSITY 0]' MINNESOTA, 
MINNEAPOLIS, March 3, 1890. 

To the President 0/ the Unive1"sity. 
DEAR 8IR: With the round of another year I herewith report 

the progress made in the geological and natural history survey of 
the state. During the year there has been considerable interrup
tion incident ~o the removal and installment of the museum and 
survey headquarters in the new Science Hall. This was aggra
vated by the fire which unfortunately broke out in the building in 
the latter part of December, and which, while not consuming much, 
yet so damaged the rooms and their contents that it necessitated 
the renovation of the entire building, and the cleaning of most of 
the specimens and apparatus. This report gives an idea of the 
progress that is being made in the intricate geology of the north
eastern part of the state, and of the economic resources that are 
being developed there. That part which discusses the iron ores of 
the state is planned to be published as a separate bulletin of the 
survey.-Bulletin No.6. It is accompanied by numerous illus
trations and a geological map. 

Respectfully, your obedient servant, 
N. H. WINCHELL, 

State Geologist and Curator of the General JJ£useum. 



REPORT. 

I. 

SUMMARY STATEMENT FOR 1889. 

There was not much field-work done in 1889. This was due to 
the change from field-work to office and laboratory work which was 
announced in the last annual report incident on the commencement 
of the final report on the northern part of the state. In July, how
ever, a special reconnoissance was made of the iron-deposits and 
the mines at Tower and Ely, in order to get some details of the 
relations of the ore-bodies to the country rock as developed about 
the works, and of the methods of mining and transportation. In 
some directions this review was extended into the surrounding 
country whenever there was promise of new facts either economic 
or scientific. This re-examinlltion resulted in the acquirement of 
of many interesting faClts of detail, and in the establisbment or the 
rejection of some hypotheses as to the origin of the ore bodies, and 
the genetic history of the rocks embracing them. It was thought 
that with the light of the field observations made during the pre
vious three years fresh in mind, and with all the known theories of 
tbe ore and of the general geology that had been proposed whether 
by the Minnesota surveyor by otbers, immediately and continually 
under test and application, such a careful investigation would be a 
valuable preparation for the discussion of the crystalline rocks 
which was contemplated, and especially for the exposition of the 
iron ores contained in Bulletin No.6. This review was made in 
conjunction with Mr. H. V. Winchell; and inasmuch as tbe pro
gress of tbe investigation here, as elsewhere, has been frequ~ntly 
the result of our joint work and mutual co-operative study, the 
bulletin devoted to the iron ores herewith transmitted bears our 
joint authorship. 

Within the past year two other bulletins have been publisbed, 
viz., Natural Gas 1'n JJIinnesota, and The History of Geological 
Surveys in JJIinnesota. 

The Legislature of 1889 failed to make provision for the publica
tion of the two final volumes of the survey report referred to in the 
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last annual statement. This failure, however, was not due so much 
to indifference on the part of the Legislature as a whole, as to the 
unfriendly manipulation of some of the committees, and the neg
lect of the public officials having in charge the estimates and rec
ommendations for the current expenses. The reports of the survey 
were eagerly sought by all tLe legislators, both for themselves and 
for their friends. They were aggrieved whpn they found that by 
law this distribution was not wholly gratuitous and instant, and 
they desired the publication of the final volumes as fast as they can 
be got ready. The bill for a law, however, making provision by a 
money appropriation for tl1e printing of the manuscripts now on 
hand was delayed Py the chairman of the committee having it in 
charge until it was too late to get the appropriation allowed by the 
general finance committee and acted on by both houses of the Leg
islature. The same will be offered for publication at the ned ses
sion of the Legislature (1891). 

In the summer of 1889 the museum and all tile paraphernalia of 
the smvey were removed from the "main building" of the Univer
sity, where it has been located since 1872, to the new Science Hall. 
The building was not yet completed, but the removal had to be 
made to give opportunity to fit the old rooms for other use prior 
to the opening of the fall term of the University. The building was 
nearly finished, aud some work had been given to the museum and 
to the equipment of the various rooms, and plans had been entered 
upon for office and laboratory work, when another interruption WaS 

suffered (Dec. -) by the (supposed) spontaneous starting of a fire 
in the engine room, where painters had been at work with naphtha 
and white lead. This kept the survey work largely in abeyance 
till about Feb. 15, 1890, whpnthe building had been again suffi
ciently restored, and the damaged rooms renovated, to permit of 
their regular occupancy. Thus it will be seen that the work of 
more than six months has been so broken and unsatisfactory that it 
will not permit a very cheerful view to be taken of the aggregate 
progress of the year. Still, unless some other unfavorable cause 
interfere, the commodious rooms now occupied by the survey for 
office, drafting room, laboratories, museum and storage, will, when 
fully equipped with apparatus, and the library with reference books, 
warrant the expectation that the nicer researches that remain to be 
done in order to "finish" the survey of the state, will go forward 
with ease and dispatch. 

The Museum now needs replenishing. The room that is given to 
it is more than four times as large as that which it occupied in the 
other building, and numerous new cases ought to be constr~cted. 
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This is true particularly of the zoological collections, which have 
been put in the special charge of professor Nachtrieb. In the 
geological museum, while the old cases have been refitted and made 
to answer for the present, there is a need of mineralogical speci
mens and there will be soon need of other cases for exhibition. 
Some of the specimens of the Kunz collection purchased in 1'376 
have been lost. Many of them are permanently removed from ex
hibition in the museum and stored in the geological lecture room. 
Indeed many of the unique and attractive specimens formerly 
kept in the museum for exhibition have been missing from their 
places from that cause for some years, and some have been badly 
damaged. The mineral collection has thus inevitably deteriorated, 
and ought to be replenished by occasional purchase. Of course 
donations aid in keeping the collections (i. e. the cases) apparently 
full, but donations do not supply first-class material. 

State Park. I wish to call the attention of the regents, and 
through their report, the attention of the public and the Legislature 
to the propriety of asking a reservation of land for a state park in 
some section in the northern part of the state. The geographic 
positon of Minnesota is on that border land which exhibits the 
transition of the forested area into the prairie. It hence preserves 
the faunal and floral characteristic of both, and within its territory 
must be stu.died by naturalists the mutual modifications and inter
changes which the near neighborhood and contact of different phy
sical features always imprint on the native vegetation and animal 
life found therein. By settlement and long habitation the natural 
conditions are destroyed and the natural laws that could perhaps 
be discovered by an examination of them in their original state, 
are never known. Hence as long as the natural conditions exist 
the state of jYIinneBota will be visited by students and collectors 
interested in natural science for the purpose of investigation, and 
this will bring Minnesota into prominent rewgnition in scientific 
literature and secondarily into scientific and economic research. It 
hence behooves the State to preserve, to such extent as may be 
found desirl1ble and feasible, these natural and aboriginal condi
tions, and for this purpose there is no better method than to re
serve from sale and settlement some considerable tract where they 
may not be destroyed. 

Again the state should have a large public park because of the 
healthful resort that it ouId afford for those living in cities, and 
for those who, coming from further south, seek in summer the in
vigorating effect of northern latitudes. The attractions of a multi
tude of lakes, rivers and rivulets of limpid and pure water, are 
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confined in the United States, to the northern tier, where the 
tumuli of the glacial epoch formed the depressions and natural 
reservoirs of gravel and sand, such as mark its moraines from 
Maine to Minnesota. In Dakota these lines of tumuli pass across 
the prairies northwestward to the line of British America and do 
not return again sensibly within the United states, Hence it is 
within MinnesJta that exists the last opportunity to preserve the 
pristine conditions of that unique combination of physical and 
faunal relations which alike distinguishes them from all other 
natural surface conditions in the United States, and has attracted 
to them always the venturesome, wandering explorer, the artist, the 
geologist, and the hardy frontier spttler. 

This park should be located either in the region northeast of 
lake Superior, enclosing some of the rock-bordered and rock-bot
tomed lakes that are a natural curiosity to every traveler, or in the 
area about the head waters of the Mississippi. GeneralJ. H.Baker, 
when surveyor-general of Minnesota, some years ago, urged that such 
a park be established on the international boundary line north of 
lake Superior, and specified the region of lake Saganaga. Since 
then, the region of the Itascan source of the Mississippi river has 
come into prominence, and it has served as the topic of several 
explorations and new "journaI8," which have given it already a 
renown equal to the earlier historic interests that cling to it since 
the days of Lieut. Allen, of H. R. Schoolcraft and Jean Nicollet. 
These artificial elements enter strongly into the question of mak
ing the selection for a state park, and bear heavily in favor of the 
sources of the Mississippi for such a selection. There is, fortu
nately, a perfect exemplification of the natural surface features 
that characterize the glacial moraines of the state within a few 
miles of the Itasca lake, and, indeed, they give outline and location 
to the entire Itascan basin, and would thus serve to embrace, 
within easy access or in combination, both the natural and the 
artificial considerations. This region is, moreover, remote from 
lbke Superior, and its attractions, by contrast with the surround
ing country, would be hightened in the mind of every visitor. 
Whereas, in the northeastern part of the state, lake Superior and 
its attendant waters and surrounding hills, dominate the district,so 
that no selection could be made whose attractions would rise above 
those of the great lake itself. 

It is presumed that there would be no difficulty, whether in the 
northeastern or the northwestern part of the state, or even in both, 
in getting the consent and cooperation of the United States govern· 
ment by the withdrawal of the lands concerned from the market, 
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and perhaps of any private parties who may have received some of 
the lands from the United States, or from the State of Minnesota. 
At any rate, no time should be lost in entering upon the project, 
because of changes and increased difficulties that will render it 
impossible not many years hence. 

The laboratory and office of the survey ought to be supplied with 
apparatus and books needed for the work that lies immediately 
before it. 'l'his is a matter of absolute necessity. It were better 
that all other expenses cease entirely till there be sufficient funds 
for this necessity, or that a special appropriation be made by the 
Legislature to provide them. 

II. 

RECORD OF FIELD-OBSERVATIONS IN 1888. 

On the Mesabi Iron Range. Mallmann's mining camp is on 
the Duluth and Iron Range railroad, about two miles south of 
Hinsdale on the Giant's range of granite hills. The working is 
for iron ore. There are a number of pits or shafts sunk to the 
rock, from 15 to 50 feet in depth, and they have uniformly encoun
tered the same magneto-bedded rock that Chester did on the Me
sabi range a few miles further northeast* and of a character iden
tical with that seen near the west end of Gunflint lake, ** both being 
a part of the Animike, and probably in the lower portion of it. 
About half a mile further south is a cut by the railroad in real 
Animike slate. Some of the ore he finds is hematite, and he hopes 
to get enough that is hematite' to warrant his enterprise. This 
working is just west from the "red cut" which is mentioned in the 
13th report in giving a description of a trip to Tower, and iIi one 
of the shafts he has struck this red hematite mass. The rock 
seems to be more rotted in this red mass. 

This magneto-bedded rock is nondescript. It has been referred 
to sometimes as .quartzyte, but it generally contains not enough 
free quartz to entitle it to that designation. It is gray, medium
grained, sometimes fine-grained, has a mineral, apparently a feld
spar, that changes by rot to a white kaolinic substance, or to a rusty 
powder, and is the rock in which is scattered the magnetite ore 
both here and at Gunflint lake, as well as at Chub (Akeley) lake. 
This ore is in lenticular bunches, elongated in the direction of the 
general bedding, and is generally not pure magnetite, but is seen 
to increase and fade again in the midst ot the rock, sometimes 

* See Eleventh Annual Report, p. 156 
** See Sixteenth Report, pp. 80, 267. 
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extending in parallel bands from half an inch to Itn inch wide, and 
a foot or more in length. It is this same rock which accompanies 
the hematite, which inspires Mallmann with fresh hope. Appar
ently the hematite is disseminated in it in the samQ way as the 
magnetite. Mallmann is confident the ore here is the same as the 
ore mined at Tower, and in the same kind of rock-a mistake which 
we tried to correct. There is no question but the vertical greenish 
schists and graywackes seen at",the Tower mines are repeated south 
of the Giant's range. and pass uncomformably below the Animike 
along the line of strike all the way from Gunflint lake to this point, 
and that they may be encountered after passing through the slates 
and quartzytes of the Animike. n is likely also that they are as apt 
to carry iron-ore lenses on the south side of that range as on the 
north side. But owing to the prevalence of the drift, and the con
cealment of these schists by the overlapping of the Animike, it 
would be a herculean and problematical task to seek to find such 
ore 'bodies by shafting through the Animike. It would not be 
impossible that a shaft should go down through the Animike, and 
should encounter one of these ore bodies in the Keewatin, but the 
chances against such an event would be mRny thousands to one. 
n is probable therefore that all the ore found by Mallmann here is 
from the Animike beds. 

Observations about Tower. We visited again the vertical black 
slaty crag north of Tower, in the southern slope of the south ridge 
(photographed in 1886), and noted the abrupt and uncomformable 
transition from the slate to the gl'een schist. This occurs a little 
west from the crag, and in a lower place. There is no indication 
that either underlies or overlies, as the line of contact is on a 
nearly horizontal plane surface. The structure and bedding of the 
slate is interrupted aomewhat obliquely by that of the schist, and 
shows plainly some kind of unconformity. This slate is siliceous 
and has all the banding of the jaspilyte, but is not colored. A little 
further north it is like jaspilyte. Indeed, it passes into the rock 
which is, or which becomes, or which embraces the ore. 

Thence we went further west and after considerable search we 
found the low, bare, slaty knoll, consisting of fissile slate, which 
was mentioned in the report of **1886, in which was recorded a 
gradual passage from the clay slate to the chlorite slate of the 
region. We examined it to find sedimentary banding. While this 
banding is not, in the knoll, characteristically exhibited, yet there 

*Oornpare H. V. Winchell's report on this region, 17th report, pp. 88-9. 
**Fifteenth report, p 261. 
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are some long, parallel, color-bands, about one-sixteenth to one-half 
inch wide, that appear to be due to sedimentary action. It is note
worthy that throughout this knoll of clay slate, generally no such 
bands are visible. This may be due to the shattered condition of 
the rock and the obliteration of an original structure by the pro
cess of acquiring the slatiness. Toward the east, the slate, fol
lowed along the strike, evidently gets more and more siliceous, till, 
after some intervals of non-observation due to drift and to brush, 
it is converted into jaspilyte, first passing through the condition of 
the slate crag described above. But there is in the midst· of this 
slate, further east, a little greenish, coarse sericitic and quartzose 
slaty-rock (No. 1505), apparently alternating with the clayey slate, 
which may be the parallel of the schist seen to alternate with the 
jaspilyte rock, as at the railroad cut south of the Stone mine. This 
indicates that, as formerly supposed, there is a close alliance 
between the clay slate and the green schist, or at least a schist 
which cannot with any certainty or satisjadion be distinguished 
from it, and again an alliance that implies some community of 
origin and structure between all three of these schists. In follow
ing the strike along toward the east from this knoll we saw a bed 
about fourteen inches thick of such green schist (but rather darker 
and coarser grained), imbedded in the jaspilyte*. The lack of 
sedimentary signs (i. e., the general lack) caused me to query 
whether the eruptive green schists could become changed to 
argillyte, but on finding some, not very distinct, trace of bedding, 
and especially on seeing the argillyte bed change, in the direction 
of its strike, apparently first to siliceous slate and then to jaspilitic 
beds, the conclusion is found inevitable that the argillyte at least is 
an originally sedimentary rock. 

But this leaves to still be accounted for the green (or gray when 
siliceous) schist which usually resembles closely the green schist 
which is supposed to be of originally eruptive origin, seen inter
bedded with the argillyte. On the suppositions that it is of iden
tical genetic origin with the eruptive green schist, it may be sup
posed to have been brought there by slight eruptions at the time 
of thfl sedimentation of the argillyte, and that would rather 
require that all the supposed eruptive green schist which embraces 
the jaspilyte, originated in the same way, i. e, in a manner similar 
to the eruptive sheets of the Cupriferous, and is now interbedded 
in the great (Keewatin) formation, as schists, in the same manner. 
This would make the eruptive green schists date from the time of 

.Compar.e Bulletiu No.6, where such a layer of silicious green schist is described on the 
north slope of the "north ridge," embraced in the contorted jaspilyte. 
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the Keewatin itself, and the green schists would be found to be, on a 
large scale, conformable with the adjacent rock, instead of being of 
the nature of later overflows and uncomformable with it. The 
latter supposition was expressed in the 15th annualreport.* I do 
not know that there is any necessary and known objection to that 
hypothesis. It would be necessary still to account for the rock 
having now the condition and structure of a schist and for its 
being sometimes the matrix for a multitude of fine pebbles of 
jaspilyte. 

But it is not by any means certain yet that this gray schist (1505) 
is identical with, or can be found to grade into, the great body of 
green schist of the region, so that they can be embraced in the 
same general hypothesis. 

We went over the south ridge at the Lee mine and west from 
there, and the following facts were noted: 

1. In some places the jaspilyte is wonderfully brecciated over 
large areas, the same parts again cemented by the ferruginated 
granular silica, or by the same in a finer breccia, so that the gen
eral mass is as hard as the jaspilyte unbroken, and in this condi
tion shows large glaciated areas. 

2. When broken less minutely the cement is, in some other 
places, pure hematite, and when this has accumulated in large 
enough masses, filling pre-existing cavities whose forms it takes on, 
it is valuable as ore, and as such is the principal basis of the work
ing of the Lee mine. 

3. This accumulation of hematite, or re-cementation, took place 
before the deposition of any vitreous silica, or before anyobserv
able "silicification." 

4. Chemical (i. e., vitreolls) silica was afterward deposited in 
openings and geodes in this hematite, and in veins crossing both 
the hematite and the jaspilyte, this being the last observable step. 

5. I do not sae hematite veins crossing chemical silica veins. 
6. Hematite veina cross jaspilyte in all its forms, whether in 

breccia or as undisturbed strata in the jaspilyte. 
7. Chemical silica veins and nodules occur latest and cross the 

hematite ani also the jaspilyte. 
This seems to show that there were two processes after the de

position of the original sediments forming the jaspilyte, viz., a fer
ruginization and a silicification, and that the former preceded. 
But, as already argued in the fifteenth report, the chalcedonic 
silica was not concerned in either of them, except that the rounded 

'Page 221, 269, 822. 
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grains have become angular by deposition of interstitial silica. 
Samples 1506 show the relations of the chemical silica to the hema· 
tite, and 1507 show the brecciated jaspilyte cemented by a. finer 
breccia of the same. 

On Chester Peak (or Jasper Peak, so geuerally called at 'rower), 
on the no~thwest side and shoulder, the jaspilyte dips north at an 
angle of about eighty degrees. It suddenly changes and dips west 
at seventy.five degrees, then as suddenly changes and dips east at 
seventy-five degrees. It then veers round on the apex of the hill 
so as to dip northeast at seventy degrees. In the easterly part, 
which is lower, the dip is north again. The hill is abruI- t and 
short, but elongated about east Rnd west. A stretch of drift, like 
a morainic ridge, rising about fifty feet, connects the hill with the 
"north ridge," in which are the mines of thE' Minnesota Iron Com
pany; but there seems to be Dorock.ridge uniting them. The "north 
ridge" dies out toward the east, although a series of low hills, 
making a lower range, can be seen to run along the south side of 
Vermilion lake and eastward. Toward the south the range of the 
Giant's hills can be seen from where it rises, on the south side of 
Birch lake to where they run out in the distance toward the west. 
They have openings and sudden elevations, but are without any 
notable peaks, the highest and apparently the most important hills 
being toward the southwest rather than south. 

Numerous pits have been sunk by the iron company to the rock 
in the vicinity of this peak, and between it and the "north ridge". 
Some of them strike green schist, some a jaspilyte without ore, 
or a lean ore, and some of them reveal good ore. But in one of 
them, at the northwestern base of the peak, a black schist, soft and 
(carbonaceous?) holding balls of pyrite (1508) from a bullet's size 
to two and a half inches in diameter, was met in the bottlm of the 
shaft. On the northern face of this hill are the green schists, seen 
at the mines, mixed and twisted with the jaspilyte. A deep drill 
hole on the south side of this hill afforded the diamond drill a 
core of porphyrel at several hundred feet below the surface, the 
hole sloping north. 

Glaciated surfaces are seen nearly to the top, and a few boulders 
lie on the very top. 

Some small veins in the brown jaspilyte consist of white chalce
donic silica (1509) crossing the jaspilyte banding. In the imme
diate vicinity are deposits of chemical silica. The existence of 
chalcedonic veins is a very rare occurrence, and has been observed, 
though doubtfully, but once before. Oompare the fifteenth report, 
p. 324, and rock sample 1013. There must be some way to account 
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for these chalcedonic veins. They do not appear to have been 
formed by mechanical transposition of laminre in or across the j as 
pilyte strata. They do not have any banding or crystallization 
like true veins. They form a network connecting a coarse (and in 
some places a fine) breccia of brown fine-laminated jasper. 
These are on the exposed npper surface of the glaciat~d apex of 
the knob. The silica is whIte, and appears to have the effect and 
disposition of vein matter but not its structure. This hill is in nw 
! ne ! sec. 35, 62-15. 

At Ely. The rock-cuts all the way from Tower to Ely, so far 
as seen from the train, are all in the green schist, or a green rock 
more massive than schist which imperceptibly takes its place, and 
at Ely is the rock which has there been described in the field
observations of 1886 (Fifteenth Report, pp. 325-26), and which 
extends from Ely to the shore of Shagawa (Long) lake, and really 
which goes also to Fall lake and there forms the falls. At the rail 
road cut at Ely it exhibits some new features, viz: 

1. It is made up of rounded masses of itself, or rock like itself, 
some of them four feet across, and some not more than three inches. 

2. The rock matter between the rounded masses is darker green 
than the rounded boulders, and squeezes among them in the same 
manner as green schists between jaspil yte boulders at Tower. It 
is also more apt to be a little schistose. 

3. ThQre is no bedding like sedimentation, but an angular 
coarse jointage like that of eruptive rock whieh has flowed in a 
broad sheet over the surface. The forms of these boulders are 
visible in the weathered surface, and their slickensided (and then 
darker) exteriors are shown on the face of the railroad cut. 

4. The boulders are frequently amygdaloidal, calcite being the 
mineral enclosed; but the cavities are rendered conspicuous by the 
easy weathering out of the calcite. 

5. There is a crust of somewhat darker rock that surrounds the 
interior of the boulders, and these cavities are most abundant in it; 
they are commonly in the form of tubes that cross this crust 
approximately at right angles, radiating as from the centre, though 
not reaching the centre. Transverse to these tubes this crust 
sometimes exhibits a dim linear structure that appears to be fluidal. 

6. This green rock contains chalcedonic silica, disseminated all 
through it, and it seems to result from a change in the chemical silica 

7. This green rock is of the same genetic nature, and the same 
in all its physical aspects, with the exception of such as can be re
ferred to difference of weathering, a'! the Stuntz Island conglomel'-
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ate, but the enclosed boulders are less siliceous than the most of 
those in that conglomerate. 

8. The rock that embraces these boulders is not usually, but is 
rarely, amygdaloidal. This is the rock which I designated, in this 
vicinity last year (1887), and before*, as modified graywcake, but 
it seems now never to have been in the form of graywacke. 

No. 1510 is a sample of this green rock, showing the forms of 
two boulders, and the darker-green rock separating them. 

No. 1511 contains amygdaloidal portions of some~of the boulders,. 
showing the tubes perpendicular to the surface, one specimen hav
ing a glaciated surface. (Compare Plate 1, Sixteenth Annual re
port). 

No. 1512 has chalcedonic silica from veins and spots in the rock 
1510. 

No. 1513. Vein matter in No. 1510, similar to 1501 which is 
from the so-called gold-quartz vein at Eagle Nest lake. 

In returning from Ely to Tower the conglomeratic (or agglomer
atic) character of the green stone was more frequently lloticed at 
the occasional cuts. The rock is angularly and cuboidally 
jointed in most of the cuts, with a light green color, weathers 
lighter, but in some cuts it is a schist with a slaty tendency in dis
integration, and has doubtless been called sericitic schist in many 
places. 

Southward from Tower this rock continues, as seen from the 
train, as far as nearly to the gneiss exposures that appertain to the 
northern Bank of the Giant's range. It has been reported by H. 
V. Winchell""* that there is no exposure of mica schiot betweep ite 
last exposure and the first of the gneiss. There is an unGLserved 
interval, however, between the two amounting to aLout two miles 
in which there may still be a narrow bplt or ll...lCa schist. 

[NOTE. In the sprillg; of 1890 a belt of mica-l:or<1o1ende schist was exposed in some rail
road cuts, a few miles nOH,lJ ut t.(:"1:;; GL.lJn(' s range syenite.] 

Pokegama Falls and eastward to Griffin'S camp. At the 
falls of Pokegama the dip of the quartzyte was carefully measured 
at several points, with the following results: Below the falls, S. 
8° W. about 15 degrees; above the falls,S. 8° E. about 15 degrees; 
ut the bluff, on the west side of the river, a sixth of a mile above 
the falls, S. 22° E. 8 degrees. 

The rock is quartzyte, red superficially (from six to twelve 
inches) ·end gray within. The bluff above mentioned is 27 feet 

'Fifteenth report, p. 326 . 

•• Seventeenth report, p. 89. 
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high above the water, and the beds composing it seem to strike 
southeastward to the falls. Mr. Griffin sayR this rock runs under 
the river which is the outlet to Pokegama lake, and used to cause 
rapids at half a mile below the lake, in Sec. 23, T. 55-26. But now 
these rapids are covered by the setting back of the water into the 
lake from the Mississippi from the government dam, which is 
built just above the falls. He also says he thinks he saw once (as 
surveyor) an outcrop of it on Little Boy river, about in the line of 
strike from Pokegama falls. H. V. Winchell also reports having 
seen it on Little Boy river. Mr. Griffin also is authority for an 
outcrop of the same rock about eight miles southwest from Poke
gam a falls. In 1871 or 1872, as deputy surveyor, he also noted 
the same rock north from Sugar lake (two or three miles) in Sec. 
6 or 31. This rock appears to be the Pewabic quartzyte, so named 
much further northeast on the southerly slopes of the Giant's 
range. 

October 18, 1888. In the rain (there was a drizzling rain all the 
rest of the day) we went to the falls of Prairie river, first seeing 
the granite at the upper falls. 

There is a large display here of gray gneiss, some of it being 
micaceous, and some of it having hornblendic, dark masses and 
belts cutting through it. In some rare places it is laminated in 
thin indistinct laminm of mica and feldspathic sheets. Its dark 
belts and isolated masses recall the rock at Morton, on the Minne
sota river (see another section of this year's report) and north of 
Vermilion lake, but there being so little of this it will not be cor
rect to parallelize it with the mica-hornblende series. It is rather 
the extension of the Giant's range rocks, which are mostly withQut 
noticeable micaceous or dark hornblende laminations, and gener
ally a more massive rock than the micaceous gneisses of the Ver
milion E'eries. At one point on the west bank of the river there is 
a rude horizontal, undulating stratification or bedding. On the 
east bank opposite this, however, the gneiss is conspicuously 
basaltically jointed It is probable, therefore, that the former may 
be due to weathering up:m a spot where by a shearing pressure a 
local lamination had been superinduced. There are also in some 
places in the gneiss, thin alternations with a shining micaceous 
schist running about horizontal, such that the general aspect and 
average composition is quite different from the rock in general 
(see No. 1523). Red orthoclastic belts (1524) more coarsely crys
talline, containing also coarse quartz crystals, run irregularly 
through the mass. In one GPot a wedge of reddish rock, associated 
with chlorite, making a (protogine?) runs through it. 

'. ',' ., 
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We do not see the contract of this gneiss with the overlying 
quartzyte. The latter is seen at the lower falls and while dipping 
in the main to the s. s. e. about 10 degrees (sometimes 12 degrees) 
it undulates in one or two synclinals. Along the top of one of the 
anticlinals can be seen a distinct fracture, opening somewhat 
upward, as the crest runA across the river. 

Glacial mw-ks here run S 10° E. (mag.) and Mr. Griffin says 
there is no magnetic variation here. 

No. 1525 (a) represents an incipient or pseudo-amygdaloidal 
spottedness in this quartzyte, which may be allied to that lately 
described by Bailey at Pigeon Point. 

No. 1526 shows another spottedness in this quartzyte, the rusty 
spots weathering out and making the surface pitted all over. 

No. 1527. SofaI' as can be seen then comes on toward the south 
(after an unexposed interval) a lot of siliceous and hematitic cherty 
beds, the hematite in some cases being fine, massive, nearly pure, 
and finely basaltically jointed. These beds are seen only about 
five feet in thickness, and the hematite is apparently not more than 
six inches. No. 1528 represents some of the rock about at the 
horizon of this hematite. No. 1529 somewhat above (in the beds). 
No. 1528. This shows a curious "streamed" mixture, and brecci
ated bed of chalcedonic silica, jasper and hematite, with vitreous 
glassy silica filling veins or former geodic elongated cavities that 
are embraced entirely in a casing of white chalcedonic silica. The 
highest part IS represented by 1530, which has a very different 
aspect from 1529, being a coarser, evidently fragmental. rusty, 
siliceous, somewhat vesicular rock, but yet may be only a modified 
condition of 1529. It has pure hematitic sheets and lumps, and is, 
in general, bedded, and dips conformably with the quartzyte below, 
in beds fron six to ten inches thick. It is mainly a felsyte with 
hematite, some of the beds having the bloodstone distribution seen 
in some at the east end of Gunflint lake. Some of the quartzyte 
that underlies is conglomeritic (1532) in patches, but it is not seen 
so in any continued layers. 

In making the trip from Grand Rapids to Griffin'", camp (see 
sketch-map, fig_ 1, p 16),we traveled eighteen miles over an execra
ble road in an autumn snow storm which not only kept our cloth_ 
ing wet but loaded every bush with dripping snow and water. As 
we had been in the rain the greater part of the previous day, and 
returned the following day in a snow storm of the same kind bu t 
somewhat cooler air, we found the three days productive of results 
not entirely geologic. 
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xx V X)( ,y ",. 

The trip was very useful in a geological sense, but it cannot be 
said to have afforded sufficient evidence to answer the question of 
the true relation of the Pewabic quartzyte to the black slate of the 
Animikie. So far as the evidence goes, unless there be two great 
quartzytes, it seems to indicate that the Pewabic quartzyte overlies 
the black slate, although it is next in contact with or adjoining the 
granite all along the south side of the Giant's range and as far west 
as to Pokegama falls, at the latter place the quartzyte being separ
ated from the gneiss by an unexposed interval of unknown otrata, 
which is presumed to be occupied by the Animike slates proper. 
This evidence consists in the existence of the red soft shale (1533) 
above the quartzyte (1534), This shale is apparently the equiva
lent of the red shale which have been penetrated in some deep wells 
in the central part of the state and found to overlie the q uartzyte 
(the New Ulm quartzyte), and also perhaps of the red shale seen 
at Black River Falls, Wisconsin, on the south side of the "Tilden 
mound," to which it bears a strong resemblance, making thus the 
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ore at Black River FallR the 
equivalent of that in the Ani
mike (Huronian proper) in Min
nesota, to which in its lithology 
and general character it has a 
close resemblance, as well 8S in 
its near proximity to a corres
ponding range of gneissic hills. 
It also confirms the opinion,else
where expressed by the writer, 
that the Gogebic ore is probably 
in the beds which, on the south 
shor£', represent the Animike of 
the ::::orth shore, instead of the 
beds that contain the ore depos
its at Vermilion lake. The struc
ture here is represented by fig
ure 2, showing an ideal section 
running north and south at Grif
fin's camp. The horizon is there
fore very near that of the works 
of Mallmann, and of the mines 
in the Gogebic region. 

There is yet one troublesome 
unexplained fact, which does not 
fall into place in accord with the 
idea that there is butone quartz
yte and that it overlies the black 
slate unconformably, viz: The 
ore mines on the Gogebic range 
seem all to have an importaut 
granular gray quartzyte under
lying thew, and, according to all 
I know, a black slate lying to the 
north of them and probably strat
igraphically above the ore beds, 
these black slates being supposed 
to be the Animike. If that 
quartzyte betheequivalentofthe 
Pewabic quartzyte it certainly Fig. 2. 

\ 

\ 
) 
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runs below the iron horizon, and the Animikie iron, the sup
posed equivalent of the Gogebic iron strata, should be sought 

-2 
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for toward the south from th~ strike of the Pewabic quartz
yte in Minnesota. As there are outcrops of slates and quartz
ytes, of the Animike series, along south from the strike of the 
Pewabic quartzyte it is also legitimate to infer in the absence 
of facts demonstrating to the contrary, that in Minnesota also the 
main mass of the Animikie, and hence also the horizon of the Goge
bic ore, lies conformably above the Pewabic quartzyte, and may be 
found to the south of the strike of the quartzyte. In all the reports 
and inferences that have been published by the writer the Pewabic 
quartzyte has been made the parallel of the great quartzyte that 
overlies the Animikie unconformably, but it is possible that it runs 
below it conformably. Its age in either case is that of the great 
gabbro flood, with whicl! it is interbedded at points further north
east. 

Specimens from Griffin's camp, ne:\;, sec. 22, 56-24, No. 1533, 
red shale, 8 feet; No. 1534, iron bearillg rock, somewhat siliceous, 
ore-sheets broken and irregular, hematite; No. 1535, same as 1534, 
pit No.2. but reached at 15 feet below the surface; No. 1536. same 
as 1534, 11 feet below the surface. No. 1537, slaty ore, rather bw 
grade, (47 p. c.) nw:\;, nw:\;, sec. 21, 56-24. Mr. Griffin says that in 
sec. 21 he knows that the rock 1537. lies to the south from the 
rock 1535 and 1536, in outcrop in the same section. He also says 
that at three or four miles south from his camp fragments of black 
slate are abundant in the drift, indicating black slate lying above 
the rock seen at his camp. 

Where the road crosses the morainic belt (see the sketch. map, 
Fig. 1,) between towns XXIV and XXV, the hills are very conspicu
ous. It appears that the morainic belt coincides, in general, with 
the strike of the quartzyte, a fact which has been noticed before 
in Minnesota (and in Ohio, in case of a strike of the limestone as in
Delaware county). and it is very likely that the existence of the 
latter had a powerful influence in determining the southward limit 
of the drift-laden ice. 

That. this range of iron ore is independent of and quite different 
from that at Vermilion lake, which is in the Keewatin schists, is 
shown, not only by the general geology and geography, and the 
difference in the manner of occurrence, as well as in the ores them
selves, but by the fact that the line of strike of the Keewatin ore 
belt from Tower westward is found to cross the country about 
thirty miles further north. It has been discovered at several 
points, where it affords very encouraging outcrops, and samples 
of first-class magnetite have been exhibited by those who have 
visited the region. Mr. John Beckfelt, postmester at Grand 
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Rapids, ** has manifested an intelligent interest in this more 
northern iron region, and from the samples in his possession the 
following were obtained: No. 1538, magnetic iron ore, sec. 23, 60, 
23; No. 1539, rock associated with 1538. This is magnetic and sili
ceous, black, fine grained, apparently a magnetic jaspilyte. * 
This is described as standing vertical in the midst of vertical green 
schists. Charles :Kearnev, Grand Rapids, owns an iron location 
on sec. 27, 60-23, and - Fleck on sec. 23,60-23; other owners are re
ported to be Lawrence Welsh, James Gill, Eli Signal, WiJliam 
Wynn, AI. Tory, J. H. Hennessy and - Knutson. 

According to Mr. Griffin, there is an outcr0p of "granite" at a 
poilJt about ten miles south of Leech lake, the exact position of 
which he could not give. This indicates the strike of the Giant's 
range granite. 

Gold in the Keewatin schists in northern ~1I1innesotct. It is 
well known that about twenty years ago, a gold excitement sprung 
up in Minnesota, centering on Vermilion lake. t Mr. H. H. Eames, 
the state geologist at that time, was largely ine,trumental in pro
moting the popular interest in that region, and in the reputed 
discovery of gold. The excitement subsided soon, and ever since 
then there has been very little said on the subject. But it appears 
now t.hat there was some basis of fact underlying the excitement, 
and that possibly iu the future the interest that subsided in 1866 
may be partially revived. Several assays of auriferous quartz were 
published by Mr. Eames in his reports, some performed by J. R. 
Eckfelt, assayer of the U. S. mint at Philadelphia, others by pro
fessor E. Dent, New York, and by himself, which afforded gold 
amounting from twenty to thirty dollars per ton of the ore, with 
three or four dollars per ton of silver. This came from some of 
the workings about Vermilion lake. 

In 1887, the writer visited the Marquette iron region in Michi
gan, and the Ropes gold mine northwest from Ishpeming. II He 
was at once impressed with the resemblance between the gold
bearing rocks seen all the way between Deer lake, near Ishpeming, 
and the Ropes mine and the rocks of the Keewatin, in northern 
M.innesota,! and in all subsequent study, involving this question, 

** Mr. Beckfelt also showed samples of lignite found "up 1he Mississippi river." 
say about Winnibigoshish lake. He also says it is reported to be found all about the 
shores of lake Winnibigoshish, in form of "float" pieces. He also states that he has 
seen pieces found" up the Prairie river." 

* The occurrence of magnetic ore in the Keewatin, near Ely, as well as at Tower, is 
described in Bulletin No.6. 

tCompare the report of H. H. Eames on "The metalliferous region bordering On 
lake Superior," printed in 1866. 

II Sixteenth annual report, pp. 48-49. 
:j:Seventeeuthannual report, pp. 42-43. 
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he has placed the two localities provisionally in the same strati
graphic position. This parallelism at once recalled the early re
ports of finding gold at Vermilion lake, and aroused a suspicion 
that gold would be proved to exist in the quartz leads in the 
Keewatin, in Minnesotlt. 

In 1878, this region came again under examination by the state 
survey in a mpid reconnaissance, mad~ by the writer, along the in
ternational boundary to Vermilion lake, and thence to the S t. 
Louis river, and the principal" locations" were visited. The small 
specimens collected from the dump heaps were as large as the 
means of transportation would permit, and of course feebly illus
trate what may have been the contents of the veins that were 
explored by the various owners in 18G6. The samples are num
bered 395-400, and 423, 428.* 

Prof. A. H. Chester again examined these gold-mining locations, 
and states in his report that" Specimens were collected from many 
quartz veins, aD some of which mines were formerly located, and 
all were carefully assayed. No true iron pyrites was found, but 
all was of that form known as pyrohotine or magnetic pyrites. 
Among the many samples of pyrites, from all parts of the country, 
assayed for gold at the laboratory of Hamilton college, not one 
containing magnetic pyrites has shown any gold, and so-called gold 
mines have been condemned at once when the character of the 
pyrites was recognized, subsequent assay always corroborating the 
opllllOn. It was, therefore, not a matter of surprise that these 
'gold ores' did not contain any gold."t 

In 1886 Dr. A. Winchell examined the town in which is situated 
a prominent white quartz vein in which it was reported gold and 
silver had been found, and his collected samples at this point are 
numbered (of his series) 48-53.** He says: "Many quartz 
veins run through the whole formation. Rock 52 is a sample, 
containing hematitic stains, very much, indeed, as in some argenti
ferous[ auriferous?] quartz. Other quartz veins are pervaded by py
ritesin abundance, a~ shown in rock 53. In some cases a mass half 
the size of one's head is pure pyrites. The pyrites and quartz are 
sometimes seen to be intersected by minute, sinuous veins of a 
dark, lustrous iridescent mineral resembling peacock are of copper. 
These are the glittering minerals which sustained, not without 
some reawn, the hopes of the adventurers." At that time this 
spot was owned by a man, since deceased, named John T-leiender
ker, who had Fmnk a ahallow shaft in 1885. 

*Ninth annual report, pp. 98-103. 
t Eleventh annual report, p. 166. 
• * Fifteenth report, p. 32. 
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In 1888, in making some observations on the iron working of 
John Mallmann, about two miles south of the Giant's range, as te
ported above, the writer met Mr. Leienderker at Mallman's camp, 
and obtained from him a small piece of the quartz containing 
pyrites from his "gold mine" on Eagle Nest lake. Sec. 34, T. 62-14. 

Some assays have since been made, viz: 

Samples of pyritlferous quartz obtained by A. lVinchell, from 
Leienderker's shaft, with the following result, assayed by Frank 
C. Smith, Ann Arb"r, Mich. 

A. Winchell's numbers 49 and 51, gave no trace of gold. 

A. Winchell's number 53, gave one-twentieth of an ounce of 
gold per ton of 2,000 pounds, or $1,00 per ton. 

Sample of pyr'itlferous quartz obtained by the writer from JJ1r. 
Leiende1-keJ'; assayed by Prof. J. A. Dodge, Chern. Series, 212. 
Survey No. 1501. "Using one· half ounce of the ore, by fire assay, 
I find a trace of gold and no silver. The amount of gold is too 
small to be weighed from that quantity of ore; 1 should estimate 
it at not more than one-fortieth Troy ounce per ton." 

All the samples from the var{ous "locations" about ~ ermilion 
lake obtained by the writer in 1878, * assayed as one sample by 
Prof. C. F. Sidener, Chern. Series, 213, gave no gold nor silver. 

The vein at Eagle Nest lake is said to be about 12 feet wide and 
to carry much pyrites throughout its width. The pyrite in the 
sample obtained from Mr. Leiend:>rker is not magnetic in fine 
powder. It ,has a light brassy color and rectangular, apparently 
cuboidal, crystallization, which Reem to indicate true pyrite. That 
which Prof. Chester examined was magnetic pyrite which is rarely 
if ever auriferous, and was at once condemned by him. There is 
a large amount of magnetic pyrite near the base of the Animike 
formation at the west end of Gunflint lake, associated with the 
magnetic ore of the Animike, which is of the same range and age 
as that investigated by Prof. Chester on the Mesabi range, and it 
is quite likely that the magnetic pyrite examined by him was ob
tained in that group of rocks. That has a different aspect and 
color from the pyrite at Eagle Nest lake, being a copper-steel gray, 
and also is much softer. 

It appears from the foregoing considerations, and the facts that 
are known, that not only is there no a priori obstacle to the expec
tation of gold in the quartz leads oE the Keewatin, but that there is 
some positive basis of fact to show that it exists there in 

* Ninth annual report, pp. 98-103. 
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quantity sufficient, in some tcases, to make a valuable low grade 
ore that could be profitably mined by the same methods as th(lse 
employed in the Black Hills. and at the Ropes mine in Michigan. 

THE CRYSTALLINE ROCKS OF THE MINNESOTA VALLEY. 

In June 1888 some observations were made abont Redwood 
Falls. At Frazer's quarry, in Honner, (N. Redwood P. 0.) which 
is on the south side of the Minnesota. but on the northwest side of 
the Redwood, in the bottom lands of the Minnesota river, can be 
seen gneiss. some of which is prevailingly red on weathered ex
posures, but on quarrying deeply-aud some without being quar
ried-is sray. This rock is a gneiss, through and through, having 
a "rift" which is strongly marked, and generally evident in differ
ence of colors and in micaceous belts, the alternations being black, 
quartzose, feldspathic, reddish, &c. There are some places that 
show up as a massive, gray gneiss, without much banding, but the 
whole rock is generally quite banded. Across these forms run 
granulyte veins, and coincident with the gneissic bands are other 
orthoclastic beltA, some of them plainly fading out intrJ the gray 
gneiss, and some being distinctly separate for many feet. These 
are either of chemical deposition entirely. (as when filling trans
verse fissures) or are produced by slow chemical metamorphism 
from the original sediments. In two instances one of these veins, 
about i in. wide, running transverse to the grain of the gneisf", split 
in the center of the vein, ano one-half of it adhered to one block, 
and the other to the other block, when forced by the operations of 
the mine. This splitting ran about six feet, and showed. when 
cleared off, a surface 16 in. by 6 ft., and at a distance I took it at 
first for a vein 16 in. wide because viewed from that direction.· 
'fhis vein matter was coarse red granulyte. Other similar veins 
when viewed on the broken edge showed a distinct central plane 
of union between the growing accumulations on the opposite side 

tOapt. Gibbons. in test-pitting for iron in 61-11, is reported to bave found a nugget of 
gold valued at about foul' dollars. and Mr. J. G. Emery affirms that in the quartz veins 
In the greenstone On the southern slope of the Twin peaks south of Ogishkemuncle lake 
he has very frequently obtained gold. It might also here be recorded that according 
Mr. Emery, who showed me a sample, a finely granular graphite occurs on lot 9, se M. 
sec. 18,64-6. (east of Frazer lake). He describes it as surrounded aud overlain by gabbro. 
At a mile further west, and a little north, it shows on the surfaee in a vein ten feet 
wide; and pieces as large as a half bushel lie about, as if thrown out by the froRt. It is 
also found on the portage trail (a little north of the trail) from the east end of Frazer 
lake to tile lake next toward the southeast. Oonsiderable iron ore is reported by him 
in the greenstone, in the north parts of sees. 2 and 3, 64-6, ie, in the region of the Twi n 
mountains. 
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of the original fissure, just aR in common mineral veins, thus: Fig. 
3. Such a plane would be a plane of weakness, along which iu 
quarrying, the rock would be likely to part. 

At Morton, a few 
miles below Redwood 
Falls, situated in the 
valley of the Minneso
ta river, Saulspaugh 
has recently opened 
extensive quarries in 
the" granite." Here 
the rock is mainly a 
gray contorted gneiss, 
but it has, in all the 
usual forms , m u c h 
reddish feldRpar sup
posed to be othoclase. 

Fig. 3. L aye red vein of Gl"al1u l yte . Veins of granulyte 
cut the gneissic structure. One was 14 inches wide and was banded 
in the same manner as illustrated by fig. 3 above, except that its 
course was nearly perpendicular to the gneissic rift, and it showed , 
further, a banded alternation of quartz an d feldspar, as illustrated 
by fig. 4 sketched on the spot. 

E xplanation of F ig. 4. 
No. 1. Coarse orthoclase, wi th 

little quartz. 
No.2. Coarse cryst alsof quartz, 

somewhat amethystine. 
No.3. Same as No.1. 

This Rhows a true vein struc
ture, and a chemical origin 
for the "dyke." The figure 
shows the vlanes separating 
the quartz from the ortho
claserather more abrupt and 
straight than theYiare in na
ture. Along the line of con
tact some of the orthoclase 
crystals penetrate within the 
quartz zone, and there are a 
few quartz crystals dissemi-

Fig. 4. Vc:il1o f Banded Gran ulyteand 
Ametb ystine Qual'tz , nated through the orthoclase. 

But, as a whole, the central band of amethystine quartz is distinct 
and constant. 
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Another remarkable feature in the Morton quarries, where there 
has been more work done than in any other granite quarries in the 
state, and from which they have sent rock for street curbing to 
Duluth, is the beautiful contortion of the gneissic structure, which 
on being broken, and especially when cut-hammered, makes a 
striping resembling that seen on some fancy marbles. 

And yet another feature, which allies this belt with the transi
tion series at the northwest end of Vermilion lake, is the irregular 
mixing of the "mica schist," or "black rock," with the gneissic 
lighter-colored rock. These so-called mica schists appear as iso
lated masses, one as large as ten feet across, but usually only a few 
inches in diameter, like boulders in the midst of the gneiss. In 
one conspicuous instance, seen on B: freshly cut block of gneiss, 
the laminations of the gneiss were sp.en to shape themselves about 
the black mass. In many other instances the black patches are 
changed in shape, apparently by some shearing pressure incident 
to the whole formation. They are elongated and bent and strung 
out like hooks and lenticular bands, iIi conformity with the direc
tion of the general trends of the gneissic contortions. 

While these black patches appear (now) to be largely micaceous 
and of the same natnre as the micaceous element in the gneiss, yet 
there is noticeable a difference. They seem to be of changed 
hornblende or hornblendic rock (1519.) The "black rock" in one 
limited space was seen to comprise at least half of the whole, and 
it seemed to be the same ingredient as the black element in the 
gneiss-at least so far as its distribution and relations could be 
seen to show anything of its origin. This "black rock" I:!hould not 
be confounded with another "black rock" which in the form of a 
conspicuous more recent dyke cuts across the hill composed of 
gneiss. 

The general similarity of this quarry to the mixed condition of 
the mica schist and syenite in the northwest part of Vermilion 
lake, where the Vermilion series fades ont into the gneiss proper, 
of the Laurentian, is forcibly impressed on the mind of anyone 
who is familiar with the latter. The transition in the Minnesota 
valley, however, seems to occupy a wide belt, as it extends at least 
from Redwood to Morton-and indeed to occupy nearly the whole 
valley. 

In town 111-38 (unorganized), of Redwood county, sec. 12, is a 
glaciated granite knob, thE' st1'ioo running S. about 45° E. This is 
a dome of gray contorted gneiss, rising about twelve feet. Its 
visible extent is about 200 feet, and 90 feet across. Its elongation 
is NW. and SE. It is a good rock for heavy quarrying, as it is not 

:, 
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much jointed. It is heavily bedded by a series of overlying layers 
that dIP gently toward the south, so that the steep side of the 
knob is on the north slope. The country round about it is wild, 
unoccupied prairie, smoothly rolling. 

This rock shows no red feldspar, in that respect being somewhat 
more like the Honner quarry than the gneiss at Morton. The top 
is somewhat below the average level of the country, and has been 
uncovered by the removal, by some means, of thA drift cover. The 
:field can be plowed right up to the rock on all sides.-Sample 
1520. 

In making this trip a Rew sort of bouldel was seen in many 
places-a white granular quartzyte, some of them two feet across. 
They show a plain sedimentary structure, apd are rather fine
grained. They are hauled with other boulders into piles from the 
:fields. They look like the usual "Winnipeg" limestone, of which 
not a piece was observed on the trip, although they do occur about 
the mouth of Crow creek. . 

Be-examination of Lignitic beds about Redwood Falls. In com
pany with Mr. Park Worden, Capt. Dunnington and Mr. Terrill, 
of Redwood Falls, a number of workings in lignite beds in the 
vicinity were examined, particularly in the region of the valley of 
Crow creek. One of these was the very spot that I visited 15 years 
ago, now caved in, and nearly lost to sight. Another was visited 
with Mr. Peabody at the identical spot where Grant and Brousseau 
tried to get coal about 20 year'! before. N one of these reveal 
anything new, nor give any reason to vary from the judgment and 
descriptions published in the sec;md annual report, respecting their 
geological age and prospective economic value. 

At Mr. Farrington's, on the bluff of the Minnesota near Crow 
creek, the lignite lies on the decayed gneiss, or on a somewhat 
stratified and re-arranged 30ndition of it, due to the Cretaceous 
ocean. There is no conglomerate at the bottom---only this kaolin
ic material. 

III. 

RECORD OF SOME FIELD OBSERVATIONS MADE IN 1889. 

Duluth. On the "Weller road," about a mile and a half from 
lake Superior (at Duluth) and about two miles, by the road, from 
the business part of the city, is the spot that has been referred to 
*before as showing considerable amounts ot red rock in the hills. 

*Survey samples of N. H. Wiuchell, i"os. lB. 40. 
Compare also Proceedings of the American Assoc.iation for the Advaucement of 

SCience. 1881. Cincinnati meeting, Typica~ thin secUons oj the Cuprijero1ls roc7<s in Minn 
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There is not so much of it as I had thought. It iEl very certainly 
the same rock, and has the same relation to the gabbro as that seen 
at Duluth and mingled with the gabbro at Rice's point. It is 
here in a scattered blotch, and in thin veins. in a fine porphyritic, 
gabbroloid rock-which last is like much seen in the city and en
virons of Duluth, but nut so perfectly and coarE'ely crystalline as 
the Rice point rock. While the gabbro is quite diff~rent from the 
typical gabbro at Rice's point, it is essentially the same rock and 
of about the same age. Indeed it is almost possible to trace it con
tinuously from one place to the other along the hill range that con
nects tha two places. No. 1540 shows the gray porphyritic gabbro 
with a fine magma. No. 1541 shows contact of the red rock on the 
gray rock, 1540. No. 1542 is the crystalline red lOck, with some 
light green spots. No. 1543 is chalcedonic quartz from this gabbro, 
as described below. 

A very interesting observation is made in connection with this 
modified gabbro. On the weathered surface, where it also presents 
other irregularities of structure, resembling coarse ::.mygdaloid, 
are seen white spots of silica. These spots are sometimes vitreous 
and glistening, as if of chemically depositE\d quartz, and in some 
central cavities quartz crystals form a drusy coating. But in other 
places this pure vitreous white quartz becomes granular, there 
being a gradual passage from one structure to the other, the gran
ular increasing in distinctness and ease of disintegration toward a 
weathered angle,' or toward the surface. V try rarely, small, sub
translucent areas ItS large as a wheat grain, or larger, can be seen, 
on the disintegration of the vitreous portions, which do not disinte
grate, resembling amorphous or chalcedonic silica. The disinte
grated granular portions, however, are not uniformly fine, and, in 
general, those portions are all coarser than the fine granular silica 
of the so-called chalcedonic silica of the iron mines. This obser
vation shows:-That the granular structure seen in silica, does 
not prove necessarily that the silica was of sedimentary or clastic 
Q1'igin, since this is plainly the result of long weathering of chem
ical selica in these exposed cliffs. 

These quartz masses do not show plainly a banded agate. like 
structure like the agates seen at Ag'tte bay,or Gooseberry river,but 
in some of them there is a narrow band of harder, somewhat red
dish, siliceous rock that surrounds them and forms an enclosing 
ridge that rises above the general surface. They vary in size from 
a pea to eight inches long, and while not very sharply angular, are 
not of the shapes of usual amygdules. Some of them have little 
cavities of irregular shapes in which small quartz crystals are seen 
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projecting, and in others the white vitreous quartz is replaced, in 
marginal patches, or even in larger table-like protrusions, by a 
milky, opaque quartz, as mentioned above. Taken altogether it 
seems very likely that these quartz modules are indigenous in this 
gabbro-like rock, and are not of the nature of foreign or trans
ported masses, but have originated in the gabbro by secretion, in a 
ma:tlner similar to the chalcedonic agates in the trap at the mouth 
of Gooseberry river (519). 

A t the I1'on lI1ines at Tower. The designations of the various 
"mines" have been changed since the ownership changed. They 
are now known by number, viz: 

No.1 is what was known. and designated in our former reports 
as the Htuntz mine. It is the most easterly of those on the south
ern slope of the "north range." 

No.2 is what was formerly known as East Stone mine. 
No.3 is what was formerly known as Stone mine. 
No.4 is what was formerly known as Stone mine. 
No.5 is what was formerly known as East Ely mine. 
No.6 is what was formerly known as West Ely mine. 
No.7 is a pit on the former Tower mine. 
No.8 is what was formerly known as the East Towel' mine. 
No.9 is what was formerly known as the West Tower mine. 
No. 10 is what was formerly known as the Lee mine. 
No. 11 is what was formerly known as the East Lee mine. 
No. 12 is what was formerly included in the Breitung mine. 
No. 13 is what was formerly included in the West Breitung mine. 

Under the direction or Mr. H. A. Wilcox a systematic probing of 
the region has beAn carried on by diamond drill. This has resulted 
in the discovery of the existence of ore in some places not known 
before. and particalarly near Tower in the "south ridge" or Lee 
mine. Some of the particulars of this drilling have been supplied 
to the survey. Indeed, through the courtesy of Mr. Geo. O. Stone, 
and of Supt. Bacon, every part of the mine, and all the records 
whether of drilling, assaying, mapping, shipping and grading, per
taining to the operation of the com pany, were thrown open to the 
writer for the use that might be wished for the purposes of the sur
vey. Much assistance was afforded in making this re-examination, 
by the co-operation of the officers and the miniDg captains of the 
Minnesota Iron 03mpany, and especially by the records of the 
drilling and some chemical analyses, the former by Mr. H. A. Wil
cox and the latter by - Waters. Most of this detailed information 
is to be found in the special report on the iron ores of the state-
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Bulletin No.6, accompanying this repClrt. but published separately. 
Subsequently the same courtesy was extended to the survey by 
the superintendent and other officers of the mines at Ely. 

The purpose of this more detailed re-survey was to arrive, as 
nearly as might be, at a final conclusion, based on facts observed 
in the field, touching the question of the origin of the iron ore; and 
while that was a primary purpose, it was intended also to obtain 
more details of the actual manner of occurrence of the ores, the 
operation of the mineE', and all the statistics that would be needed 
in making a full presentation of the iron ores in published form. 

These observations were made in compauy with. and by the as
sistance of Mr. Horace V. ,Vinchell who had previously examined 
many iron localities in the state. and had been exclusively at work 
on the iron deposits for about a year, and who was familiar with 
all the theorifls that had been propos'd, and the obstacles that they 
met with. We subsequently published in The American Geolo
gist,* a summary and preliminary statement of the probable result 
of the investigation, so far as it related to the origin of the ore 
itself, and the same view is presented again, more fully, with many 
facts that sustain it, in another part of this report. 

At this place but little more will be given than the connected 
thread of successive field observation, with references to the illus
trative rock samples, and some of the steps in the argument. 

At the Lee mine, rock sample 1546. Here we collected some of 
the quartz crystals lining vugs in the dense hematite. These have 
not the clouded "chalcedonic" appearance of crystals formed 
rapidly. or of rapid chemical accumulation without crystalization, 
such as seen in the quartz in the jaspilyte. This kind of quartz 
in the ores of the district has frequently been described in the re
portE', and it has been supposed to have had a later origin than the 
jaspilitic quartz. 

In the dump at the Lee mine (No. 10 as abovp,) is seen a 
reddish, earthy-looking jaspilyte, beautifully streaked as with 
sedimentary banding-No. 1547. It contains much pyrites, which 
is in bands and streaks coincident with the banding, this being 
apparently the Lrm taken by the ore when accumulated under cir
cumstances that gave the jaspilyte this earthy character. While 
this pyrite is disseminated minutely through the whole of this, yet 
in larger quantity it frequents certain bands. It is noticed that 
these bands cease abruptly along one side, when viewed on the 

*Americllll Geolog'ist, voL iv. p. 291. On (t possible chemical origin of n,e imn ore of tit 
Kcewntin ·in lUin'HC-8l)ta. 



STATE GEOLOGIST. 29 

broken edge of the sedimentation, as if the conditions allowing its 
formation were wholly and suddenly changed in that direction. 
But on the other margin the pyritiferous bands fade out gradually 
in the midst of the other rock. This is the first instance in which 
any such variation, indicating an upper and a lower side to the 
jaspilyte in the process of formation, has bet'n observed. It is 
probable that the liDe along which the abrupt change is introduced 
was the lower side of the pyrite band, and if the position of this 
impure jaspilyte within the mine, with respect to the strike of the 
ore mass, could be ascertained, it would furnish a key to the strati
graphic order of super-position of strata of the region-a desideratum 
which has not yet been supplied by actual obeen ation, though it 
has been hypothetically deduced from a general view of the whole 
region. The principal pyritic streaks are abont a quarter of an 
inch apart, but there are intermediate variations that also produce 
streaks, and on one side of the specimen collected the principal 
streaks are about three quarters of an inch apart, and sOffiewhat 
undulating. 

In other pieces this impure streaked jaspilyte appears as a 
pyritiferous impure hematite, and in others, still, the pyritiferous 
character is generally disseminated in the breccia of hematite and 
earthy jaspilyte. In larger cubes the pyrites is seen in a sort of 
soft greenstone. 

1548. Breccia, a somewhat stratiform mass of fine pieces of red 
jasper, hematite, jaspilyt~, quartz. 

1549. Crystals that seem to be chalcopyrite, colored sometimes 
blue like erubescite ( ?) or bornite, Lee mine. 

[On further examination these blue crystalline grains seem to 
be hematite tarnished. ] 

1550. Finely banded, whitish jaspilyte, part of a breccia, Lee 
mme. 

1551. Hard hematite, with conspicuous included crystalline 
masses that appear to be chalcopyrite. 

Going in the pit of the Lee mine, which is now 1vO feet in depth, 
under the direction of the foreman (because we inquired as to the 
place of rock No. 1547 in the mine), we find the succession across 
the Lee mine to be as follows: 

In fig. 5, which is an outline plan of No. 10, formerly known as 
the Lee mine, the star (*) indicates where the b~dded rock, No. 
1547, was found. Next north of it is breccia, with green stone 
material, with considerable pyrite and with the well-known 
white kaolinic, white substance. In the kaolinic material are ser-
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icitic, but rather hard and coarse-grained pebbles. There is an 
abrupt transition from fine, hard hematite to the rock 1547, but 
the contact, which can, with some difficulty, be traced out on the 
face of the wall, is tortuous and oblique. In the kaolinic material 
are also rounded pebbles of No. 1547. The general order of suc
cession, across the mine, is thus, from north to south. 

Ttrsf L~vel 
w. (o,-e, eft!,.. h7; .. "L 0'i0 

E. 

~~~{!~~~!~;~~~~~:~_~~~~ i ~~~~~~-
Fig. 5. Outline lJlan oj the Lee mine. 

1. Greenstone of the country, a chloritic schist, north side of the mine. 
2. Breccia of greenstone, impure jaspilyte (rock 1547) and iron ore, with 

much pyrite. 
3. Red, impure, sedi.mentary banded jaspilyte, somewhat resembling, 

in some places, a red shale, though it is always too hard and too heavy to 
be called shale. It is different from the well-known jaspilyte, as it shows 
no clistinct chalcedonic silica, and only occasionally any distinct lines of 
hematite. It is not an important deposi.t, as to its amount, but appar
ently quite so as to its nature and origin, and its possible relation to the 
pure jaspilyte. 

4. Fine, hard hematite, pure. 
5. Main Illass of ore; at its narrowest place about five feet wide, at the 

present face of the slope. 
6. Jaspilyte, too poor to mine. 
7. Greenstone schist, on the south side of the mine. 

It seems as if the succession of formation progressed from the 
south to the north (or from No.7 to No.1), the impure jasper, N~. 
3 (or red shale) being formed by wash from No, 4, but rendered 
soft and impure by influx of materials from No.7, or some other 
adjacent greenstone, and accumulated only in favorable nooks, 
followed by another greenstone (or schist), the latter serving, not 
only to break up and embrace in form of a breccia all the forego
ing (Nos. 7 to 3), some of the inclusions being from the impure 
jaspilyte, some from the iron ore, and some from the jaeper further 
south-but to contravene all the forces, whatever they were, that 
deposited the jaspilyte, and to substitute its own products entirely, 
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with little or no modification, for the hematite and silica that had 
been depositfld immediately before. If this schist (No.1) were an 
undoubted, massive, homogeneous, non-clastic rock, it would be 
necessary to infer that the jaspilyte had been covered by a diabase 
overflow, and that in the bottom of thfl lava the materials of all the 
former strata had been involved in a brecciated condition. The 
occurrence of this breccia on the north side of the main jaspilyte 
mass, however, is not conclusive evidence of the later date of the 
origin of the northern side of the Lee mine, since there are jaspi
lyte masses in the green schist further nOlth still, and some of 
them, when they were entire and continuous in one mass, may 
have supplied the material for the breccia, allowing the order of 
formation to have been from north to south. 

Not far from Lee mine, by the old roadside leading to the Breit
ung mine and to the "location," on the top of the main hill, a large 
boulder was found of the Stuntz conglomerate, and its examination 
afforded some lllteresting facts. 

1. This boulder contains pebble6 of chalcedonic quartz (1552), 
some of them being several inches across. 

2. It contains pebbles of gray, quartzose felsyte (1553 and 
1554). 

3. In these felsyte pebbles, which themselves are older than the 
boulder in which they are embraced, are rounded vitreous quartz 
pebbles which do not indicate any granular structure like the 
so-called chalcedonic silica. 

4. Some of the pebbles of 15;)3, represented also by 1556, seem 
to exhibit an imperfect porphyritic structure, approaching that of 
"porphyrel" at Kekekebic lake, which they also resemble in nearly 
all other respects. This may point to some relationship between 
the Keewatin schists represented by the Stuntz conglomerate, and 
the porphyrel. The rocks, howflver, need a closer comparison. 

The important result of this observation, however, is in the bear
ing it has on the nature of the granular structure of the jaspilitic 
silica. It has been presumed by some that the jaspilitic silica is 
granulated because of incipient decay, in the manner that the 
geodic silica in the gabbro 11ear Duluth becomes granular. Not 
to mention here the evident difference between the granulation that 
is due to decay and that which is seen in the chalcedonic silica of 
the iron mines, it is sufficient to call attention to the perfectly in
tact vitreous condition of the quartz pebbles within the pebbles in 
this boulder, even when by fracture they have been brought to the 
surface of the boulder, and the perfectly characteristic chalcedonic 
granulation seen in the younger pebble of jaspilitic siliCia, No. 



32 EIGHTEENTH ANNUAL REPORT 

1552 above. That which is non-granular in this boulder is neces
sarily older, and has suffered more revolution of physical exposure, 
than that which is granular, for it is embraced within a smaller 
pebble, whereas the granular-silica pebbles are not so embraced. 
The granular silica pebbles are of the age (so far as respects the 
formation of this boulder) of the gray quartzose felsyte which in
closes the non-granular silica pebbles. The inference is inevitable 
that it cannot be exposure and incipient decay which causes the 
granular condition of the j aspilitic silica. 

vVe visited again the place that has been so many times referred 
to south of the Stone mine (pits Nos. 2 and 3) where,at the railroad 
cut, there is such a curious mingling of the green schist of the region 
with jaspilyte. I visited this cut with M. E. Wadsworth in 1886, 
to call his attention to the sedimentary inter bedding of the schist 
and jaspilyte. There is a thin-leaved interstratification, and the 
jaspilyte is genuine, as such, not in "compound grains" as I had 
surmised. Clltting all thi~ chalcedonic quartz are distinctly dif
ferent veins of glassy quartz, of chemical origin, which has to be 
kept separate from the jaspilyte, some of them being six inches 
wide, and others not more than one-fourth of an inch-also geodic 
masses of the same. 

Not only is the ch'1lcedonic silica here interbedded, in lenticular 
sheets of the extent of one to three feet, (but frequently of less ex
tent) but also there are small pieces disseminated through the 
schist, from the size of a pin-head to tbat of a man's fist, and also 
large masses having a red and purple color, placed somewhat ir
regularly in the schist. 

There is also a siliceous base in the schist, which has this same 
chalcedonic grain, and some layers, (lenticular still) of a hard 
green rock, apparently more charged with this same silica. 

As to this manner of occurrence of jaspilyte, I cannot make it 
consistent with any eruptive hypothesis-nor yet with sedimentary. 
The green schist is not here clearly of sedimentary structure, 
though there are variations in it to a more firm and siliceous char
acter, that may be attributed to sedimentary accumulation. It 
appears to be best explained by supposing a combination of erup
tive and aqueous agencies. 

South of the Breitung opening, near the west end of the so-called 
"north ridge," runs a narrow streak of ore, about east and west, 
and since I saw it last it has been worked some. Westwardly it 
suddenly ceases, and a swampy patch supervenes, so far as can be 
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seen in that direction. Toward the east it ris~s in the south slope 
of the main ridge, but as it is under drift deposits it cannot be 
traced but a short distance. and especially since where the work 
ceases in that direction it became rather narrow-say four feet. and 
seemed not to contain much ore. The structure of the green 
schists here dips northerly at 85° from the horizon, and the belt 
of iron and jasper oscillates in the schists on one and the other 
side of a right line. 

This iron deposit is not first-class, but often pyritiferous, spongy 
and irregular, and apparently somewhat manganesic. The schists, 

.L<j-je..e.i ________ A~ ______ __ at the spot where this belt 
crosses the road to the 
Breitung mine (No. 12). 
show a granular graywacke 
or sedimentary structure 
and origin, but not gener
ally. 

On inspecting the order 
of changes in the stratifica
tion across this narrow iron 
belt where exposed in the 
cut at the eastern end of 
one of these small pits, a 
north and south section is 
obtained. 

The narrow ore-belt, a 
section of which is seen in 
figure six. is very largely 
"derived" from some other 
larger bed. It is not ex
actly like the regular j aspi
lyte ore of the north ridge. 
inasmuch as it is fragmen
tal and consists of rounded 
masses of both jaspilyte 
and green schist. This is 
conspicuously so in the 
breccia on the southern 
side and in the conglom-

Fig. No.6. erate on the northern side. 
North and south section across ore pit near the Through the central part 

Breitung, in the narrow ore belt. 

-3 
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of the ore itself there is considerable pyrites, and on the 
southern surface of the ore-streak can be seen some original 
jaspilitic silica, where the hematite is hard. There is in this ore
belt, besides, a considerable amount of limonite, some of it in bot
ryoidal surfaces on quartz crystals, and on hematite (1564). The lim-
0nite sometimes is further covered with II. thin blue coat, and in some 
cases, especially in the vicinity of pyrite, there is a surface of cox
comb crystals, like hematite, covered with black, which last possi
bly is manganese. 

A little to the south of this opening is a shaft for hoisting from 
this pit. It seems to have encountered flinty, gray to dark gray, 
jaspilyte (1565) judging from a large number of fresh, large pieces 
that lie near in the dump, (=866 B). Oompare 1277. 

The principal Breitung opening is very irregular, the direction 
of strike of the main ore mass winding about in the green schist 
from east to west so as to run nearly north and south, and abruptly 
ceasing, or beginning where not expected. Three things are notice
able in conjunction with the ore. 

1st. It is heavily jointed, about horizontally, but this jointed 
part is better ore, and lies b~low a less jointed mass of jaspiIyte, 
the line between them being characterized by a rotted belt {1566}, 
running diagonally across the face of the wall and descending toward 
the west. This belt where most rotted is a breccia, so that it is easily 
dug out even by the hand, and the part that disappears by rotting 
consists of angular jaspilyte masses. Several other beds of similar 
soft and rotted material are seen in the ore, sloping toward the west, 
some of them being lenticular. The occasion of this rotting is the 
existence of the joint, into which water enters at the top of the 
ridge where it comes to the surface. The joint cuts everything, 
rigidly, whether breccia or not, and the breccia is most disintegrated 
by the moisture and frost. This is evident because, while the rotted 
belt in the main follows the sloping joint, the rotted belt widens out 
when it approaches and cuts a breccia layer or mass, in the main 
rock, and in other places the beds of jaspilyte are preserved entire 
or mainly so (when not breccia) across the rotted layer. 

2nd. The surface of the ore abuts immediately on the green
stone, and the two surfaces are mutually slickensided, the green
stone, in one instance at least, having a fine, curved, semi-basaltic 
strlJ.cture which at the junction is nearly perpendicular to the sur
face of contact. But in other cases the schist is red and hard along 
the contact for some distance, say for twelve or sixteen inches, and 
is closely cross jointed and broken, rendering it fissile in small 
angular lumps. 
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3rd. In the remaining ridge, which separate the Breitung from 
the Tower, the firm jaspilyte of which it consists is se~n to contain, 
in several places, and in one place in a somewhat continuous layer 
traceable, with some interruptions, twenty or more feet, a breccia 
and conglomerate, one inch to four inches wide, in which are small 
rounded, or sub-rounded, at least water worn, pebbles of vitreous 
quartz (1567). There are, on both sides of this band, and in many 
places over this immediate vicinity, spots of breccia of chalcedonic 
silica, cemented by smaller breccia and pebbles, as well as by mass
ive chalcedonic silica, all of which consist of the well known chal
cedonic silica. But in the above vitreous' silica there is no such 
fine grain as that which characterizes the j as pili tic silica. On the 
hypothesis of decay and disintegration, as the cause of the granu
lar condition, why is not thi.s condition seen also in these rounded 
vitreous grains which must be older than the chalcedonic silica in 
which they arn embraced? This ohservation, like that already de
tailed on the pebbles of a large boulder seen not far from the Lee 
mine, negatives all resort to such hypothesis. Ir:. this pebbly jas
pilyte the vitreous quartz grains, although obvious, are distributed 
rather sparsely, and the whole space they occupy, forming an ir
regular and interrupted vanishing belt, or layer, near the center of 
the main mass, is not more than three or four inches wide, and is 
not a noticeable band. 

North of the Tower mine (No.8), on the north slope of the 
north ridge, is a conspicuous shoulder-like protrusion of hard rib
bon-jasper, with characteristic undulating and contorted bands. 
This jasper has five or six thin layers of green schist, or siliceous 
green schist, running through it, which were cotemporary with the 
formation of the jasper, since they are flexed with the red and 
white bands. These layers enter on the eastern border of the 
exposure and continue zigzag across it, but some of them pinch 
out or fade out before they reach the eastern border. One of 
them, after such disappearance, rises again faintly a few inches 
further west between the same colored bands that enclosed it 
further east. Figure 7 was sketched from this jaspilyte surface, 
with the design to indicate the forms and alternations that are ex
hibited, but no drawing can show all the contortions, and transi
tions, and alternations. The shaded part is one of the green schist 
bands. On close inspection it is found to be considRrably modified 
from the typical green schist of the country, having a liberal per
centage of silica-indeed it is so siliceous that were it not for the 
contrast it presents with the smooth, hard jasper it would hardly 
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be cal,led green schist. Other 
helts of it, however, are less 
firm, and fade gradually into 
a softer (yet comparatively 
siliceous) light-green schist 
which cannot be mistaken for 
anything else than a part of 
the same rock as the green 
schist of the country. In case 
of all these green schist belts, 
though more siliceous than 

g the average green schist of 
;S the country, they have disin
~ tegrated and been removed by 
~ the action of frost and vege
"; tation, so that along their 
~ course across the jaspilyte 
~ knob, are little tort u 0 us 
E grooves due to their more rap
S id decay. A photograph was 
g made of this jaspilyte surface, 
'g for which see bulletin No.6. 
ol 

~ In Fig. 7 the booked ex-
2 pansion and sudden term ina
~ tion of the green schist band 
d 
-; are in connection with, and a 
~ part of a general contortion 
~ in the jaspilyte which bends 
" ~ in the same direction, i. e. 
~ some of the thin layers do_ 
: The lamina of green schist, 
Z in an attenuated condition 
2 runs from the end of the hook 

some further and squeezes out 
gradually, and is lost, the 
jaspilyte walls coming togeth
er, so far as the appearance 
shows on the glaciated sur
face. Beyond the keel of the 
hook, however, in the general 
course of direction of the band, 
the green schist band appears 
again, and continues as far as 
the uncovered condition of 
the surface will allow of its 
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being traeed. Here the contortion is in the form of a swell
ing and lifting toward the north. The beds next south run along 
without showing any sympathy with this irregularity. There is 
also a similar protrusion and contortion seen on the north side near 
the center of the sketch. On the south side here also the jasper 
ribbons are not disturbeliJ. These contorted protrusions toward the 
north must have formed before the formation of the succeeding 
jasper bands in that direction, because, not only do they not par
ticipate in the contortion, but easily pass by the protrusions with 
gentle swells and flexures that are independent of the close 
crumpling. 

The shaded p'l.rt (Fig. 7) is a belt of green schist. No. 1. at the 
left is a thin scale of brown jasper. Toward the right further it is 
gradually replaced by a thin scale, and further still to the right by 
a narrow ribbon, of hematite. In this brown jasper are lenticules 
of crimson jasper, presenting a maculated handsome surface. It 
also shows the fine lamination one thirty-second part of an inch 
wide which has before been mentioned as a characteristic of the 
jaspilyte ribbons. It also embraces thin sheets of hematite, and 
it is cut and cemented by transverse veins of crystalline vitreous 
silica. No.2 is mainly hematite, but it has threads (really sections 
of sheets) of brown jasper; and at the central swell it is rendered 
impure, being broken, spread, separated by brown jasper sheets, 
and occupies, with the jasper associated with it, the whole of the 
swell. No.3 is a broad band of brown jasper, that also shows the 
crimson jasper already mentioned. No.4 embraces a group of 
hematite sheets interleaved with jasper, too thin and too close to 
be separately traced. No.5 is a band of hematite which, at the 
east end of the sketch is seen to be flexed southward so as to em
brace and to coincide with the pot-hook direction of the green schist, 
but toward the west runs independently of the sharp north-side 
hook at the west end of the sketch. 

The inevitable inferences from a study of this rock surface are: 
(1) that the two substances, the green schist and the siliceous 
ja,spilyte and the hematite were the product of practically identical 
forces acting on different objects; (2) that after the formation of 
so~e of the narrow bands they were disrupted and contorted 
before the forma.tion of the next succeeding bands; (3) that the 
southern side was the lower, and hence the older side, and that the 
growth was from the south to the north (as the beds now stand); 
and (4) that there was usually a complete cessation of the de
posit of the siliceous jaspilyte when the materials of the green 
schist were accumulating, and vice versa, but that occasionally, as 
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illustrated in these rather hard bands of green schist, the two sub
stances were deposited simultaneously. 

Any theory that will satisfactorily account for the origin of the 
Ktlewatin iron ores, must allow for these inferences from the 
physical structure at the same time that it plausibly accounts for 
the origination of the elements of which the jaspilyte and the 
green schist consist. 

The fact that there was some force concerned that could fracture 
the last-laid-down layer without disturbing the deeper ones, and 
that it was remittent, so that succeeding layers were normally 
formed and were not fractured is demonstrated also by a sketch 
made here showing an interrupted layer of brown jasper, the 
separated parts being surrounded by hematite and embraced in a 
continuous schist of it, one of the integral bands of the jaspilyte, 
but themselves also seamed by crystalline silica at other points. 
See bulletin No.6. 

I am impressed with the indications that this silica is arranged 
by sedimentation. What was its origin ?-probably chemically 
precipitated; perhaps also that of the St. Peter sandstone, although 
they are very different in respect to size of grain and in age. The 
eruptions of basic rock that characterized the Keewatin must 
have made such changes in the chemical cooditions of the oceanic 
water that silica and hematite were thrown down. Can that be 
shown? Then came, if not the minute crumpling, at least the 
general tilting which has brought the beds to verticality. 

It is well known that the first attempt to. extract ore from these 
hills was made by George R. Stuntz and John Mallmann. Mr. 
Mallmann happened to be at Tower at the time this examination 
was being made, and he kindly pointed out the spot where this 
working was done, and we made a photograph of the samE.'. It is 
near the Lee mine, on the south side of the "south ridge," not far 
west of the east opening (No. 11). By the blast one large lenticu
lar mass weighing three or four tons was rent from the south side 
of the jasper bluff. The photo is intended to show this. In the 
hole excavated by the men and by the blast bushes have now 
grown up, but the course of the drill is still visible on the upper 
side of the dislodged mass. The photograph is reproduced in 
Bulletin No.6. 

In the highest of the tunnels of the Tower mine, which dis
charges southward, and also the most westerly, and at the southern 
end, is a north and south rock-cut which seems to trans-sect 

.J 
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at a more western point, the rock to which I have so often referred 
at the railroad cutting immediately south of the Stone mine, about 
half a mile further east. The mixed and generally interleaved 
condition of the green schist and the jaspilyte is the same, but at 
this place, as the cut is across the structure more can be seen of 
the relations of the two rocks, viz.: 

1. The jaspilyte is contained in the schist in lenticular masses, 
and in thin interleaved vanishing sheets that have their sharp 
edges upward and downward. This is most manifest, in innumer
able instances here within the horizontal space of thirty feet. 

2. The jaspilyte is contained in similar masses that terminate 
east and west in the schist. 

3. In the space of 22 feet, north and south on the face of this 
cut, I count 36 jaspilyte layers, varying in thickness from i inch 
to 24 inches, all of them having at least 6 inches extent up and 
down; the rest of the rock being green schist, or jaspilitic red 
schist (or "shale" similar to rock 1547). Besides these there are 

w 

some indefinite graywacken layers 
:N containing rounded piecE's of jaspilyte 

as pebbles. 

4. On the east side of the cut is 
seen the manner of termination of one 
of the larger lenticules of jaspilyte, 
in the midst of the schist, the exposed 
terminal end appearing unbroken neal' 
the track, though broken off at the 
top by the work of making the cut
ting. The shape of this western term
ination is represented by figure 8, 
which shows a section across the len-

Fig. 8. • 
r Western termination of a jaspilyte hcule north and south. 
lenticule. 

5. Within two inches of this large mass, sketched above, was a 
smaller, apparently concretionary mass of jaspilyte, about 18 
intthes in its greater (perpendicular) diameter, appearing on the 
face of the cut to be entirely surrounded by the green schist and 
separate from the larger lenticule. Desiring to know whether it 
was connected with the foregoing large mass, I had a crow-bar 
brought, and, on making some excavation about it, the smaller 
egg-shaped lenticule was dislodged entire and fell to the ground. 
It left a continuous concave socket, the exact imprint of itself, and 
was coated and smoothed over its whole exterior in the same 
manner as the larger one, and was wholly independent and 



40 EIGHTEENTH ANNUAL REPORT 

separate from it. It is numbered 1568. It is sharper, in cross 
section, at the upper end than at the lower, and while about 18 
inches in perpendicular diameter it is four and one-half inches 
thick (n. and s.) and eight inches wide (i. e., east and west). 
Several small parts, broken from the upper end before it was dis
lodged, are also given this number. This &hows that the egg con
sists essentially of hard C1halcedonic silica, with a little hematite. 

6. Within the tunnel. toward the north further, the green 
schist contains graywacken bands. In these are small pebbles of 
chalcedonic silica, but, in 1569, can be seen three <l in. thick) veins 
of chalcedonic silica crossing the structure of the green rock at 
oblique and varying angles. This was taken from the roof :>f the 
tunnel, about 15 feet from the southern entrance. 

7. In No. 1568 the principal color-bands run across the face of 
the section, and are not wholly concentric. There is a series of 
accretionary bands, surrounding these and inclosing them with 
an outer rusty coating, which gives color to the supposition that 
the egg is wholly concretionary. These outside bands fade off in
to the green schist structurally and mineralogically. 

8. The mass itself appears to have been a fragment dislodged 
from its native place, tmd, while perhaps not yet firmly rigid, to 
have been imbedded in the materials that now constitute the schist, 
and with them to have suffered the pressure and upheaval that 
have brought the beds into their present vertical position. If it 
had become rigid before it was placed in the schist, it might still, 
perhaps, have been compelled to take its ovate form by reason of 
pressure and the mechanical movements to which the beds have 
been subjected. Judging, however, from the general ovate form 
of all the jaspilitic lenticules, even the largest, it seems more reas
onable to ascribe this shape to some forces or circumstances that 
attended its origination than to mechanical causes that operated 
afterward. 

Revisiting the old pit of the Stone mine, and noting the so-called 
jaspilyte dike, illustrated in the 15th report (see p. 235), we ob
served another egg or jaspilyte similar to that just described, 
though this is partly disintegrated now so as to reveal an original 
brecciated structure, at least on one side. The harder part is per
pendicularly banded jaspilyte. On its exterior is a layer of red 
shale about one and one-half inches in thickness. This egg is en
tirely isolated within the schist as shown by the following sketch, 
fig. 9, made on the spot. 
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A very interesting and instruc
tive observation was made at the 
Stuntz mine, or No. 1. In some of 
the large angular pieces thrown 
out upon the dump is seen a sin
gular sort of conglomerate and 
breccia. It is illustrated by the 
following sketch, likewise made on 
the spot, fig. 10. 

I 

Explanation of figure 10. 

1. White chalcedonic silica, banded with a little pure hematite. 
2. Conglomerate and breccia of green schist and brown jasper. The 

black parts show the shapes of the green schist pieces. 
3. White silica and hematite. 
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This indicates some rupturing agent that acted on both rocks. In
deed, there are many evidences that a frequently recurring force, 
whatever it was, interrupted the quiet accumulation sometimes of 
the jaspilyte and sometimes of the schist, and tore up sometimes 
only the last laid-down thin layer, and sometimes larger thick
nesses of the formed beds, and removed them to smaller or greater 
distances from their native places. This force acted in a common 
manner on both the acid jaspilyte and the basic schist. 

There is hence much reason to suppose that all three of the 
known agencies for rock-forming were intermittently at work and 
concerned in the formation of the iron ore, viz.: Eruption, to 
afford the basic eruptive material; sedimentation, to arrange it (in 
the main), and chemical precipitation in the same water, to give 
the pure hematite and the chalcedonic silica. What was the cause 
of the chemical change in the waters of the Keewatin ocean that 
brought about the precipitation of silica and hematite, is matter 
for further research. An ocean, universal as the Keewatin forma
tion, charged with silica in solution, a hot alkaline ocean, on the 
outburst of volcanoes, might, perhaps, be so far heated, and evap
orated, as to be compelled to deposit silica as a chemical precipi
tate. On the other hand the introduction of cooler currents into 
the heated region would disturb the equilibrium of saturated 
solutions, and hematite (or limonite) might be the resultant pre
cipitate. There is reason to believe the earthy, or semi-crystalline, 
schists of the age of the Keewatin are world-wide, and that, there
fore, the ocean everywhere hai, in general then, as now, nearly a 
constant character, only as modified by local or wide-spread volcanic 
agents. 

By the railroad, just south of the Tower pits (Nos. 8 and 9), is a 
light greenish, novaculitic rock which dips N. 75 to 80 degrees 
(1557), It passes into graywacke. It is also highly siliceous with 
both chalcedonic and vitreous quartz, and has a fine white ingredi
ent that gives it a feebly talcose feel, the last being the same ele
ment that we have called sericitic. The soft, light green (or white) 
mineral varies in amount from layer to layer, so that some of the 
sheets are smooth and soft throughout, and schistose, others being 
more like graywacke, and others almost a quartzyte in which the 
vitreous quartz grains can easily be distinguished from the chal
cedonic, by their dark color, that is, by their absorption of light 
which falls upon their fractured surfaces. 

I met Mr. W. G. La Rue, of Bal'raboo, Wis., and he gave me 
further evidence that there are really two quartzytes concerned, as 
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already represented by me, '* in the geology of the Gogebic iron 
region. One is that which is the foot-wall of the Colby and Au
rora mines, and the other is that which Mr. La Rue describes, viz.: 
North from. the Colby mine, near the bluffs of the gabbro range, 
which there are plainly visible rising as a series of hills within a 
mile or less of th~ village (Bessemer), he was employed to explore 
for or~ by shafting for some parties who thought there was ore 
near the gabbro. He said that under the gabbro he found a 
quartzyte, and a sandstone, the two differing only in induration, 
one being more easily excavated than the other, both consisting of 
crystalline quartz. He shafted under the quartzyte in a conglom
erate of iron ore, which seems to be comparable to that found in 
a similar situation at Ishpeming, Mich.,** and at Cascade near 
Negaunee, and after a time he found that the conglomerate turned 
almost at a right angle toward the north. He did not seem to 
know what was under the conglomerate, but he told me he found 
the quartzyte and sandstone together 235 feet thick. This was in 
the swl, nelsec. 10, 47-46, Michigan. This is apparently the un
conformable conglomerate and quartzyte that I noted at Bessemer, 
at the railroad, in a small exposure, in my sixteenth report. 

IV. 

THE AGE OF THE GABBRO. 

In attempting to correlate these observations with those which 
have been made and recorded in previous years, there is ,"ome dif
ficulty in fixing the stratigraphic place of the gabbro eruption. It 
was inferred by the Wisconsin geologists that the gabbro sheet was 
the bottom layer of the great Cupriferous formation, or Keweena
wan, and this was accepted and has been followed unquestioningly 
by the writer in all previous reports and discussions of the crystal
line rocks of the state. The age of the great Cupriferous formation, 
with its traps and conglomerates, in part at least, has been estab
lished, with increasing evidence and positiveness as on the horizon 
of the typical New York Potsdam-at least at the horizon of a 
quartzyte which overlies the Animike of the northwest. 

Thus the gabbro sheet was carried to the same I}ge. When the 
gabbro was found to be interbedded with a quartzyte in northeast
ern Minnesota, and to lie upon and overwhelm it, (the Pewabic 
guartzyte), it was a necessary inference that that q uartzyte was the 

* See 16th Annu al Report. pp. 55-6. 
** See the 16th Annual Report, pp. 44-47. 
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equivalent of the Potsdam-or at least of the bottom q uartzyte of 
the Cupriferous-and hence must lie over the Animike, although 
at no place could the Animike be seen interposed between it and 
the gneisses of the Giant's range. When it was found that this 
quartzyte which is the principal iron horizon of the Mesabi range, 
shows evidence, in the region eastward from Pokegama falls, of 
passing below the body of the Animike strata, necessarily carry
ing with it the gabbro sheet, the idea that the gabbro has possibly 
been put into a wrong position is brought out prominently before 
the student of northwestern stratigraphy, and he is disposed to cai! 
in question the datum from which some important conclusions have 
been drawn. 

The gabbro sheet itself is a wonderful formation, both in geo
graphic extent, and in vertical thickness. It is also wonderful in 
the diversity of lithological variations that it displays-i e, when it 
approaches the characters of a normal doleryte, or when itis inter
stratified with beds of sedimentary origin, or when it is modified 
by conblOt with them. Yet its persistence under erosive and at
mospheric agents, and its great volume, causes it to appear promi
nently and suddenly, and frequently, giving it the reputation of 
greater area and importance than it deserves. This is rendered 
more marked by the fact that its line of outcrop is characterized by 
heavy drift deposits which have covered up the less persistent for
mations and hid from inspection their true relations both to the 
overlying aLd underlying strata. It was hence a very natural con
elusion that its advent was the opening scene of that succession of 
eruption and sedimentation which is displayed in the Cupriferous 
formation and that the whole should be grouped together under 
that single designation. 

It is the design of this chapter to call attention to some facts that 
indicate that the gabbro lies below the Animike, (Huronian black 
slate), in great part, and that the later trap eruptions, continuing 
through the Animike and the Potsdam, (i. e., the Huronian quartz
yte), probably constitute the age and the strata of the Cupriferous 
formation-the "Keweenawan" of the Wisconsin geologists In 
other words it seems as if the Keweenawan series, in its full scope, 
embraces not only the age of the Huronian, (Potsdam), quartzyte, 
but alsoof the \jlack slates of the Huronian that underlie the quartz
yte. 

1. The most important and significant fact that bears on the 
stratigraphic position of the gabbro, respecting its relation to the 
Animike black slates, is its occurrenca along a wide extent, reach
ing from Gunflint lake southwestward as far as to the railroad 
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crossing at Mallmann's, (at least), next to and immediately south 
either of the gneiss of the Giant's range or of the "greenstones" of 
the Kawishiwin, without the appearance of any of the black slates 
between them. There is an appearance of quartzyte, with olivine 
grains and with magnetite, geographically between the gneiss and 
the gabbro, the same being unquestionably the Pewabic quartzyte 
seeu near Gunflint lake. This quartzyte sometimes is impure and 
limonitic, and seems to be the chief iron horizon of the Mesabi 
range. This near conjunction (which is sometimes apparently an 
exact contact) of the gabbro with the gneiss, and the absence of the 
Animike proper between them, haH been supposed to be due to a local 
overlap of the gabbro beyond the strike of the Animike, covering it 
from sight, the idea being that the gabbro flowed back northward 
over older formations, and came on to the gneiss. 

2. Although there has not yet been any careful microscopic ex
amination into the differences between the typical gabbro (for in
stance that seen at Rice's point, near Duluth) and the eruptive 
rocks that overlie the Animike black slates at Gunflint lake and 
eastward to Pigeon point, it has been noted that there are macro
scopic distinctions which ought to be explained in case of a sup
posed parallelism of one rock with the other. The supposition has 
been that they are stratigraphically and chronologically the same, 
and that the differences were only local and unimportant. It was 
this assumed parallelism and the evidently later age of the eastflrn 
outcrops (the "crowning overflow" of the Animike) which has led 
to the placing of the gabbro later than the Animike. There is ab
solutely no other evidence. If these two eruptive rocks are not 
contemporary there is not only no reason against but considerable 
evidence in favor of placing the typical gabbro (such as at Rice's 
point, and at Little Saganaga lake) below the body of the black 
slates. 

3. Boulders of characteristic gabbro and of red syenite, Rnd of 
quartz porphyry, occur abundantly in the later "traps" of the Oupri
ferous. The quartz- porphyry pebbles are so abundant as to consti
tute the well known thick beds of coarse conglomerate; and quartz
porphyry layers or lenticular sheets are interbedded between the 
trap sheets. This quartz-porphyry in some cases appears to have 
originated in its present condition of interleaved sheets during the 
time of the Oupriferous. This is observable at the mouth of Bap
tism river, and at the Great Palisades. At these points, however, 
owing to the proximity of bosses of gabbro rising above the rest 
of the country about, it is certain that those portions of the Oupri
ferous which contain the original quartz-porphyry beds, are near 
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the bottom of the formation. This is further shown by the exist
ence, in the same region (at and near Beaver Bay), of large boulder
masses of gabbro in the trap flows, evidently derived from the 
neighboring gabbro hills. From this point, north ward to the gneiss 
of the Giant's range, nothing is visible, in the form of rock in situ, 
except gabbro, or some "muscovado" -like rock described at some 
outcrops somewhat further west* by H. V. Winchell. The region 
is not fully explored, but it appears from all that is known, that 
there is nothing to be found of the typical, thin black slates of the 
Animike. It is as reasonable to infer that they followed after the 
gabbro flood, as that they preceded it. In case they followed 
after it, their typical characters were destroyed in this region by 
the frequent outbursts of igneous eruption, and they blended with 
the tuffs and shales and basic sheets that constitute, on the north 
shore of lake Superior, the lower portion of the Cupriferous for
mation. In case they preceded they must exist buried below the 
gabbro, as hitherto supposed. 

4. In further consideration of the possible infra-position of the 
gabbro mass, below the Animike proper, attention should be given 
to the record of the deep well at Duluth, as given in Bulletin No. 
5, of the survey. The interpretation of the record, given on page 
34, shows, below the gabbro, (which is found to be 220 feet thick), 
quartzyte and conglomerate beds interstratified with imperfectly 
characterized gabbro, the whole having a thickness of 67 feet. 
Then followed trap sheets, and fragmental tuffs, for a thickness of 
89 feet. Then follows what was thought to be the Animike, "evi
dently the Thompson slate formation." In the light of the fore
going (Nos. 1, 2 and 3) however, and on reviewing the descriptions 
given of the drillings of this well (pp. 31-34), the writer considers 
it quite doubtful whether "the Thompson slate formation'" is on the 
horizon of the Animike of the northwestern part of the state. The 
existence of a minutely granular condition in the quartz (Nos. 39, 
46,50), recalling the "chalcedonic silica" of the Keewatin, and of 
a distinct slaty cleavage not due to sedimentary bedding (Nos. 28, 
36, 07, 53), and of hydromicaceous or sericitic schist (Nos. 28, 
30-39), and kaolinic itacolumyte (No. 4.1) noticed and recorded 
when the writer was impressed with the expectation of finding 
Animike characters, must be admitted to point to the Keewatin 
schists and graywackes. There are other coincident descriptions 
of the outcrops about Thompson, to be found in the tenth annual 
report (pp. 12-31) which throw doubt on the supposed parallelism 

*Seventeentb report, p. 00-91, Samples 387 (H). 
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of the Thompson slates with the Animike of northwestern Minne
sota, viz: 

1. Folia of quartz and slates, or schists interbedded, (p. 12, No. 
454, p. 16, No. 466, p. 17, No. 472), is a character not known in the 
Animike. 

2. There is a conspicuous perpendicular slaty cleavage in all 
parts which is not dependent on the sedimentary structure. a char
acter not seen at all, or rarely, in the Animike in the northwestern 
part of the state. 

3. The clay slates are frequently pyritiferous, (p. 18. No. 473.) 
4. Feldspathic graywacke (often called gray quartzyte in the 

original descriptions) is a conspicuous feature in the strata n'Jrth 
from N. P. Junction (p. 28, No. 504). 

It is only intended here to make record of these reasons for hfOS 
itating before accepting the parallelism of the whole of the Thomp
son slates with the Animike of the northwestern part of the state, 
notwithstanding the fact that it has been accepted hitherto, both 
by the Wisconsin survey, the U. S. geological survey, and by the 
Minnesota survey. 

5. On the supposition that the Animike black slates are 
involved in the Keweenawan, and, while overlying the gabbro, lose 
their typical characters at points further southwest, the intlubed
ding of the Animike with beds of trap-rock, which is a common 
feature about Gunflint lake and on the shores of Loon lake, is 
easily explained, and indeed falls into place as one of the to-be
expected facts of such a period of recurring eruptions. It also 
obviates the necessity of a supposed change in the character of 
the eruptive rock, i. e. that the gabbro of Rice's point and Little 
Saganaga lake becomes. on Pigeon river, the dark or greenish trap
rock and the dioryte which inter-bed and characteristically overlie 
the Animike, forming the well-known "crowning overflow" of that 
region. 

v. 
FURTHER OBSERVATIONS ON THE TYPICAL HURONIAN, AND ON 

THE ROCKS ABOUT SUDBURY, ONTARIO. 

In the summer of 1889, on the occasion of the Toronto meeting 
of the Geological Society of America, the opportunity was 
improved, both in going and in coming, to extend a former ac
quaintance made with tile rocks of the region north and east of 
lake Huron.* A resume of these observatiolls was read before 

* Compare the sixteenth annual report of the Minnesota survey. 
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the Minnesota Acadt·my of Natural Sciences at the October meet
ing, 1889. In order that the bearing of the following facts and 
interpretations may be understood by any who have not given close 
attention to the developments of Archean geology in the northwest 
during the last few years, a brief resume may be the best intro
duction. 

It is well known that in the term Archean are included two 
groups of rocks, the Huronian and the Laurentian.* These 
terms are of long standing, and have been used in the geological 
literature of nearly all parts of tho world, wherevtlr geological re
search has been carried on in the oldest rocks. They were pro
posed by the Canadian geologists in 1855, and were in a few years 
adopted by the geologists of the United States, and they are yet 
found in nearly all of the text books of geology in use in this 
country, with the signification that the Canadian geologists have 
given them. It is not necessary to say here what inconsistencies 
were involved in this course of accepted nomenclature, nor what 
injustice was rendered to American geology by American geolo
gists, nor what were the motives that apparently actuated the 
leaders of American geological opinion thirty or forty years ago. 
It is only necessary to say that Huronian was in conflict with Ta
conic, and that Archean was in conflict with Azoic as well as At
lantic, names that had been proposed earlier by United States 
geologists. 

With the revival of work on the older rocks in the northwest, 
about ten years ago, it was found that the original Huronian of 
Logan and Murray had been amplified, by the reports of the later 
assistants on the Canadian survey, by an important extension of 
the names downward, over many varieties of rocks not mentioned 
in the Huronian region by those who first described the Huronian 
formation, and even over all the stratified, or schistose forma
tions, down to the massive gneisses and syenites which are called 
distinctly Laurentian. This extension had also been accepted by 
many, if not by all, geologists of the United States. This was true 
of the late surveys of Michigan and Wisconsin, and of the earlier 
reports of the Minnesota survey, and was maintained, but haltingly 
toward the last, by Prof. R. D. Irving up to the time of his death. 

In order to get a correct understanding of the character of the 
Huronian rocks of the original Huronian area, several recent re
examinations have been made of the area described and mapped 

* C. H. Hitchcock has called attention to the fact that G. W. Feathflrstonhaugh 
proposed the term Atlaintie for these rocks many years before Prof. Dana introduced 
the term Archean. and before Foster and Whitney employed the term Azoic. See 
Amel'ican Geologist, vol. V, p. 199. Also compare Geology or New Hwmpsh1ire, vol. 1, p. 525. 
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by the Canadian geological survey. The first was that of Prof R. 
D. Irving, who came to the conclusion that the so-called Animike 
formation of Minnesota and Thunder bay (in Canada) is the equiv
alent of the original Huronian. But, unfortunately for the cause 
of correct nomenclature, Prof. Irving, who had embraced the ex
panded Huronian in his ·Wisconsin work, so continued his trip be
yond the limits of the original Huronian, that he found, eastwB,rd 
from Algoma, a series of rocks which he thought also belonged in 
the same series with those at Thessalon, and so verified (?) his 
classification published in the Wisconsin report. Hence, while 
correctly assigning the real Huronian to its western equivalent 
(the Animike slates and quartzytes), he failed to see that outside 
of the mapped Huronian of Logan and Murray the name had no 
right to be extended over a different formation, for eastward from 
the mapped area another formation at once begins and hence, 
also, he continued to maintain that the Animike could be ~xtended 
downward so as to covel' all the lower schists and graywackes and 
iron ores of the Northwest. 

Prior to this an unconformity and a profound change in lithology 
had been discovered between the Animike formation and the 
schists below it, in the vicinity of Gunflint lake; and, at a later 
date, those schists had been examined in the region of the Lake 
of the Woods, and while placed doubtingly in the Huronian by 
G. M. Dawson, and by Bell, had by Mr. A. C. Lawson been given 
a new name, (Keewatin) who exempted them, questioningly, from 
the Huronian system, showing that they pass unconformably below 
the Animike which had been said by Prof. Irving to be the real 
equivalent of the Huronian on the north side of lake Superior. 

In the sixteenth report of the Minnesota survey will be found 
two other recent descriptions of the original Huronian rocks, from 
an examination made in the summer of 1887. Here the Huronian 
formation is distinctly limited to the strata described at first and 
named Huronian by Logan and Murray, and the name given by 
Dr. Lawson for the underlying schists (Keewatin) is~ adopted un
qualifiedly, and extended over those schists in Minnesota. The 
same classification had been adopted also in the fifteenth report of 
this survey, but without the authentication that comes from a fresh 
examination of the old data. * 

As the current idea of the Huronian, as at length extended by 
the Canadian geologists, began to be questioned, several re-affirma-

'The writer has reviewed t.he history of the Huronian system as expolluded by the 
Oanadian geo1c~.I~ists, ill the AMERICAN GEOLOGIST. Methods oj strati{}raphy in stnduing 
the Huronimn. vol iv. p. il42. 

-4 
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tions of its correctness have been published by Drs. Selwyn and 
Bell. It was in the light of these discordances that some recent • 
re-examinations have been made, and the following notes were 
reconied when on a joint excursion with several geologists from 
the Toronto meetings of the American Association for the Ad
vancement of Science, and of the Geological Society of America. 

Nm'th Bay.-The rocks about North Bay,* on the northeasterly 
shore of lake Nipissing, placed in the Laurentian by the Canadian 
geologists, consist of dark-colored, micaceo-hornblendic gneiss, or 
gneissic schist. They are distinctly bedded by sedimentation, the 
characteristic belts of which run parallel for long distances. They 
are generally fine-grained and often red-weathering, recalling by 
this, as well by their structure and mineral composition, some 
gneisses seen and described by the writer in 1886,** on the 
Kawishiwi river. These are massive, fine-grained, red, very silice
ous beds, as if from a quartzyte, but the most of the rock js 
closely laminated varying from very micaceous to very orthoclas
tic. The strata stand about vertical, but generally show some in
clination southward-hut sometimes northerly. The strike is 
about NW. and SE. Some of the gray gneiss (1573)which weathers 
rerldish (1574) becomes contorted in some places and infolds, un
conformably, masses of a dark rock very different from the gneiss 
(1575). These masses are wrapped round continuously with un
broken, but curved laminations of gneiss, the lamime, at some 
distance from the enclosed masses, becoming straight again, and 
running in their usual course. These contrasted foreign enclos
ures have a different aspect, and a different composition from the 
micaceous belts of the gneiss. They are both micaceous and 
hornblendic, but mainly hornblendic; non-laminated and generally 
containing multitudes of fine crystals of cinnamon-garnet. In 
some places these masses are very large, and cannot be seen to be 
enclosed, but cut off the gneiss and replace it in large areas. The 
geology in general here recalls that of Northeast cape in Bassi
menan lake (fifteenth report, p. 358), as well as that mentioned 
on the Kawishiwi river. The rock has been plastic in situ and 
molded about masses of foreign intruded rock, apparently a basic 
eruption, but has not been molten and extruded. In general the 
horizon to which it would be assigned in the Minnesota scale, 
would be near the bottom of the crystalline schists (the Vermilion 
series), or very near the Laurentian gneiss. It is very probable 

*The roeks about lake :"iipissing have heen descrihed in the Canadian reports by 
Alexander l'IInrrn,y, for tbe year 1854, for t,he year 1855, and maps of the atlas accom
panying t.he volun1e. 

*:rSee the fifteenth report, l\:Iinnesota survey, p. 853. 
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indeed that rocks like these have been included in the Laurentian 
in some of the descriptions and map· coloring in our reports. 
Since it graduates, in Minnesota, conformably on the one side into 
typical gneiss containing very much less mica, which would be 
placed unhesitatingly in the Laurentian, and, also, on the other 
hand, fades out by the loss of the black miea, and by the acquire
ment of a sub-crystalline and finally a fragmental texture, into the 
typical rock of the Keewatin, it is evidently only an arbitrary line of 
separation that can be drawn distinguishing it definitely from one 
or the other. The principal difference between it and· the Keewa
tin consists in its more nearly perfect crystalline structure. 'The 
principal difference between it and the greater portion of the 
Laurentian gneiss in Minnesota consists in its greater percentage 
of black mica. The prevalence of the black intrusive masses oc-

Fig. 11 
Included hornblendic lllass at. North Bay, causing contortions in the gneiss. 

Rock Samples obtained at North Bay are numbered as follows: 1573, 
Gray gneiss, the general rock at North Bay, after the weathered surface 
is removed. 1574, Reddish weathered gneiss, a surface condition. 1575, 
Hornblenclo-micaceous and garnetiferous dark rock embraced in the 
gneiss (see figure 11) as foreign masses, and as large areas, the lamina
tions of the gneiss being wrapped about them entirely and roughly con
forming to their exteriors. 
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curring transverse to the strike of the gneiss, and in a manner in
volved with the gneiss, showing a mutually plastic condition of 
the two, is a characteristic of the Vermilion series about where 
the transition to the Laurentian occurs with an eruptive uncon- . 
fm'mity, the foreign intrusive rock being the dark, hornblendic 
masses and not the gneiss. The manner of occurrence of one of 
the smaller hornblendic and garnetiferous dark masses was 
sketched on the spot and the same is represented on page 51 (Fig 
11). This was near the public school house at North Bay. 

vVahnapitae. A sample of that which is here called Huronian 
by Dr. Selwyn is numbered 1576. At this point the formation 
changes from the Laurentian to the next higher, or supposed 
younger, formation. The train stopped but for a moment, but with 
difficulty a small sample of the country rock was procured. On 
examination it was found to be of a hydro-micaceous schist, silky
sericitic, evidently a part of the Keewatin. Subsequently Dr. A. 
C. Lawson re-examined this point, in order to get a better idea of 
the relations of the formations, and according to verbal description 
from him, there appears to be an unconformity of stratigraphy at 
Wahnapitae. similar to that at Penokee gap, Wisconsin; at the im
mediate contact the lower rock is the fine, micaceous gneiss, or 
mica schist, probably belonging to the series seen at North Bay, 
and the upper rock is quartzyte and gray argillyte interbedded. 

At the Stobie copper and nickel mines, about three and a half 
miles north from Sudbury, there is a large exposure of greenstone, 
coarsely fibro-crystalline with hornblende (1579), seen south of 
the mines rising in high ridges and domes, resembling the ridges 
of the Kawishiwin greenstone of Minnesota (see the 17th annual 
report), though much more coarsely crystalline. This lies below 
the rock that contains the copper and nickel ores, and was fruit
lessly penetrated by a costly shaft in pursuit of the ore-bearing 
rock several hundred feet. The present mining is done in a quartz
yte ( ?) or at least a quartzose, apparently fragmental rock, which 
is superficially buried under a thick deposit of rusted debris, or 
gossan-cap, the result of its own decay. The ore permeates this 
gray granular rock in the form of sulphides which in this super
ficial layer is converted to oxides and carbonates. The mines are 
still not deep, although some tunneling has been done in the hill
side. Outwardly the resemblance of the lithology of the lower rock 
(1579) to some of those described in northeast Minnesota belong
ing to the eruptive portions of the Keewatin is so great, that it is 
reasonable to suggest that it represents the lower formation. But 
the quarried rock cannot be a'lsigned with any certainty to the 



~~'---~ 

STATE GEOLOGIST 53 

same horizon. Its resemblance to somA of the lower feldspathic, 
gray quartzytes seen in the Animike (Huronian), and its manner 
of occurrence in a low bluff apparently dipping at a low angle away 
from the lower greenstone, as well a3 the similar occurrence of 
abundant sulphides of iron (and nickel ?) in the lowest parts of 
the Animike. west of Gunflint lake, caused me to regard the ore
bearing rock, on lithological evidence, as belonging to the true 
Huronian, and hence as unconformable on the other. Samples of 
the ore are 1578, and of the ore-bearing rock 1577. 

At the Copper Ol~tf mine, three and a half miles s. sw. from Sud
bury, according to Dr. Selwyn a dioritic dike (1581 and 1584) runs 
through the country, and the ore is associated with that. The next 
rock, on the north, is a red felsyte (1583), and the relations between 
it and the mined rock were not made out by anything I saw in the 
short time we were on the spot. The red felsyte becomes proto
genic, 01' granitic, and also has fine black mica-scales developed in 
it in other places. The ore of this mine is represented by No. 1582. 
Eastward from the mine is a small knob of red felsyte, and next, 
about i mile from the mine, is a knob of coarse conglomerate in 
whjch there are largfl boulders of red-weathering felsyte like that 
at the mine, also of laminated fragments of a grayish rock like a 
fine-grained graywacke or coarse argillyte, and probably others. 
The matrix is gray and finely siliceous, of which No. 1585 show~ 
an average. 

At 1]- miles from Sudbury, toward Onahping, tho train stopped 
for the examination of a peculiar rock (1586), recalling, but not 
identical with, the hornblende-porphyry of Kekekabic lake (No. 
751), but having much coarser crystals, and a more evidently con
glomeritic original structure. At ± mile further nw. this conglom
erate is more crystalline, the matrix being reddish-weathering fel
syte (1588), and the included masses being of a dark basic rock 
probably originally eruptive. In places this felsyte becomes gran
itic, and the large dark fragments appear as boulders and included 
masses more or less modified in shape, embraced as iJ? a once plastic 
or molten rock. The aspect in such cases is much like some Laur
entian, and if it were to be found to extend over a large area with 
these characters, it would probably be assigned to the Laurentian 
by any geologist. This illustrates one of the difficult problems 
involved in the use of the term Laurentian. This rock is in the 
midst of what passes for Huronian, and is derived from a frag
mental rock which is like many seen in the "Huronian" of the 
region. It assumes first a porphyritic aspect, then it is felsitic, 
weathering reddish with a pronounced orthoclastic ingredient, then, 
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with a coarser grain, it appears like an eruptive granite embracing 
masses of foreign basic rock. This is similar to some observations 
that have been made in Minnesota in the Keewatin, and particu
larly on the upper waters of the Kawishiwi river. Similar trans
itions have been observed in Michigan. * 

At the Murray mine the ore (1589) is in a conglomerate, disinte
grating and limonitic. 

At Vermilion lake (i. e., at the crossing of the Vermilion river), 
is a repetition of the falls, ridges and rapids seen at Thompson, 
Minnesota, the whole being manifestly of the same age, and sup
posed to belong to the Animike or true Huronian. The dip of 
these slates is 45 0 towards the S. Dr. Bell stated that the train, 
before arriving at Vermilion river, had passed over these slates for 
about five miles. viz; through a very fiat and good agricultural 
tract, indicating a profound change in the underlying rock, inas
much as, up to the place of entering on these slates, the country 
had been very .rough, with frequent exposures of the rock. The 
slate is black, (or purplish black when dry), generally fine grained, 
yet with some evident grains of quartz, (No. 1590). In itare some 
curious calcareous bunches, or "concretions," which recall the soft 
masses in which Dr. T. Sterry Hunt reported evidences of a "kera
tose sponge," found near Thompson, Minnesota. Some of these 
Plasses are two feet in diameter, with rounded outlines, presenting 
on the weathered or glaciated natural surface a striking contrast 
with the rock which encloses them. They are locally designated 

. "snow-shoe tracks." This brownish, calcareou& material is repre
sented by No. 1591. 

From the Vermilion river, traveling still northwest, we passed 
on to a lower series of strata, the dip being to the south-southeast. 
This is a "slate conglomerate," (1592), and causes an immense 
ridge, 150 feet in hight, more or less. Into this rock Dr. Bell 
states that the slates at Vermilion river graduate conformably, and 
indeed so they seemed to do; and in this respect the succession 
seems to be like that seen in the region of the original Huronian 
northward from the Thessalon valley, as described in the sixteenth 
report of the Minnesota survey. This "black slate," therefore, and 
the underlying "slate conglomf3rate" should be considered as por
tions of the Huronian as described by Murray and Logan. 

Immediately after passing this ridge of "slate conglomerate," 
the average surface level subsides again, and the country is more 
even. But the rock that succeeds to the slate conglomerate to
ward the northwest, is mainly a reddish felsyte, similar to that seen 

., COlJJpare tJle 10th anc11Gth Annual reports, Minnesota survey. 
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in the vicinity of Sudbury, and necessarily underlying the forego
ing slate and "slate conglomerate." It is also broken up into 
irregular small knolls, and presents a confusion of dip and strike 
that contrasts strongly with the regularity of dip and strike main
tained by the overlying formation. This formation seems to have 
supplied many of the felsitic and granitic boulders seen embraced 
in the slate conglomerate. There was no opportunity to make 
search for the immediate contact of the "slate conglomerate" on 
this rock, but if the observations that have been made recently in 
the area of the original Huronian, and on the Animike in Min
nesota, be taken as guide, there would be found, on making such a 
search, a distinct overlap unconformity at such contact line. 

From this point (Onahping) the excursion car turned back, and 
although it was pl!lnned to make a stop at Wahnepitae bridge to 
allow thoslll interested to inspect the contact there between the 
Laurentian and the "overlying" formation, a heavy and continu
ous rain interfered, and the car returned directly from Sudbury 
the same evening to Toronto. 

After this excursion I had the pleasure and the benefit of a 
further examination of the original Huronian region in company 
with Dr. A. R. C. Selwyn and Dr. A. C. Lawson. We walked from 
Algoma to Serpent river along the Canadian Pacific railway,noting 
the rock cnts, and the following is the general result of my own 
notes. 

Quartzyte extends from Algoma to about one mile east, when a 
greenish slate (1593) appears with a dip s. 10° w, 45° _65 e • This 
is fine grained and sometimes cut by dioritic dikes of epidotic rock, 
like that at Bruce. Next appears at 1! miles from Algoma,a dark
gray roofing-slate (1594), the cleaving and bedding dipping south
erly at an angle of about 75°. Below this is an immense stratum 
of "slate conglomerate" (1595), (3d of Logan's map of 1863), which 
is charged with boulders of various kinds of rock, the most con
spicuous being of red granite. We then met with a soft fissile 
argillyte (1596) which hardly has any remaining sedimentary band
ing, and in it are elongated lenticular sheets of silica, apparently 
chalcedonic (1597). This resembles some seen in the Keewatin 
but there could be seen no contact, as the exposure is in the form 
of an iaolated ridge which passes below the drift on all sides, so 
far as ascertained. It seems to be not a part of the argillyte before 
mentioned. This stands, in some places, nearly vertical. Then 
comes on a great quartzyte member (1598), but this is quite dif
ferent from that seen at Algoma, and in the Thessalon valley. It 
is uniformly very fine-grained, and is apparently Logan's "gray 
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quartzite," the lowest included by him in the Huronian. It is at 
any rate the same as the JJfissasaugui quartz!}te, so-called ill the 
16th Minnesota report, which was there supposed to be Logan's 
lowest quartzyte. It is gray within and weathers red. The rail
road swings back and forth across the ranges of this rock, follow
ing the easiest route, and affords some good opportunity to exam
ine it. It exhibits important differences from the upper rrhessaloll 
quartzyte. It is interbedded with abrupt transitions from hard,ap
parently chalcedonic (?) silica, or quartzyte,to fine chloritic schists, 
the beds of the quartzyte being from a foot to two feet in thickness, 
and those of schist from two to eight inches. This extends for at 
least four miles, with some interruptions, the road passing in gen
eral at an oblique angle across the strike of the formation. The 
beds are for long distances straight and parallel. At a distance 
the face of the rock recalls 1he regular and straight furrows of a 
plowed field, the schist weathering and washing out easier than the 
quartzyte. Such a view is seen on the south side of the track 
about four miles from Algoma. 

At a point still further east the conglomerate recurs by the 
track. Here it h~lds quartzyte pieces like the quartzyte just men
tioned, and also others of red granite, and numerous pebbles of 
bluish vitreous quartz. It also embraces pieces of nearly black 
argillyte (1599) which is soft and has a nearly white streak. 

After an interval of nparly a mile and a half of no rock exposure, 
we encountered a low boss of fine-grained black mica-schist (1600); 
with siliceous veins running with the strike. Then we found some 
argillitic beds in which were some crumpled white sheets of ap
parently chalcedonic silica (1601). 

After an outcrop of coarse quartzyte (1602) resembling some
what the Thessalon quartzytes, but less granular, whose stratigra
phic position we could not make out, on account of the interrupted 
nature of the exposures and the variation in the direction of the 
track, we noticed two dikes of more recent diabase (1603) cutting 
the slate conglomerate and running nearly coincident with the 
strike, and having a columnar structure about horizontal. Under 
the conglomerate here, ,i. e. just before reaching Cook's Mills, at 
the mouth of Serpent river, conspicuous outcrops appear of a fine 
mica schist (Hi04), which is probably the recurrence in force of the 
mica· schist before mentioned (1600). It is not bedded but massive, 
and becomes hornblendic, recalling some parts of the Vermilion 
series of Minnesota. This continues to Cook's Mills and forms the 
outcropping rock at the stat"ion and about the village. No positive 
observation was made on the stratigraphic relation of this horn-
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blendic mica· schist to the slate conglomerate, but its place is as
'sumed to be below the conglomerate because of the known relation 
of the Huronian (i. e. the described Huronian of Murray and Lo
gan) to such rocks in other places. 

SUMMARY OF THESE OBSERVATIONS. 

It appears, therefore, that both northwest from Sudbury and 
eastward from Algoma there are two formations. The slate and 
the slate conglomerate in both sections constitute the upper forma
tion. In the region northwest from Sudbury the underlying rocks 
are largely felsitic, but are also micaceous, and at the Stobie mines 
become hornblendic. These changes are identical with changes 
that are known to occur in the Keewatin in Minnesota. In the 
section eastward from Algoma the underlying formation seems to 
be the Missasaugui quartzyte with inter bedding of green fissile 
s!lhist, in part, and a mica schist varying to hornblendic schist, in 
part, the latter being further east. 

There seems to be some irregularity in the order of succession 
in the section eastward from Algoma, bringing in several outcrops 
of strata that belong higher up in the series. If this be not 
illusory, and due rather to the winding of the railroad from north 
to south to avoid the hills, it may be accounted for by such fault
ing and upheaval as have been described in Minnesota, such as 
have produced the sudden, but indistinct, unconformities and tran
sitions from the Huronian to the Keewatin, that have been des
cribed theTe. Further, the quartzyte which has been alluded to 
as the Missasaugui quartzyte, and supposed to be Logan's lowest 
gTay quartzyte, is pTobably not his lowest gray quartzyte, but it is 
TatheT a constituent part of the Keewatin. It is allied in all its 
lithology no less than its peTsistent verticality to the Keewatin and 
seems to have been formed in the Keewatin ocean in the same 
manneT as the jaspilyte beds of that horizon, i. e., by chemical 
pTecipitation, the green schist layers showing such advent of basic 
eruptions 01' volcanic ash as could form chloritic schists in the 
same way as in northeasteTn Minnesota. The" 10weT gray 
quaTtzite;' (No. 5 a), of the original Huronian, accOTding to 
Logan's map of 1863, appears a few miles east of Thessalon at the 
lake shoTe, and theTe produces an unconformable contact on the 
gneiss of the Laurentian. This contact has been examined by 
Prof. Irving and mOTe lately by DT. A. C. Lawson, and they con
cur in the statement that the conglomerate is a pudding-stone of 
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rounded masses, having a quartzyte matrix. There can be but 
little doubt that it is the same as that seen in the vicinity of 
Thessalon, and hence that it is the Thessalon quartzyte and over
lies the slates and slate conglomerates, being near the top rather 
than near the bottom of the original Huronian. This mistake is 
apparently the same as made in eastern New York and in Ver
mont, where the granular quartz ('?) and the Potsdam (or red sand
rock) seems to overlap and hide from sight the formation immedi
ately older, and lies in unconformity on a still older terrane-on 
the east on the gneiss of the Green mountains, and on the west 
on the gneiss of the Adirondacks. It caused the early geologists 
to question the existence of any such formation as the Taconic
that great series in which has been brought to light latterly a 
wonderful fauna of primordial life, and which extends from the 
Atlantic slopes to the western basis of the Rocky mountains. 
This overlap unconformity implies a sinking or the pre-existing 
lanel, and of the ocean's bed, bringing the later rormed strata over 
the beach-limit that existed berore. 

1Ve may conclude therefore that the observations that were made 
on the recent excursions confirm, at least do not contravene, the 
views lately set rorth by Irving, Bonney and Lawson, and the con
clusions published by the reports of the Minnesota survey, to the 
effect that the Huronian system, as now defined and understood by 
the Canadian geological reports, really embraces two or three forma
tions; that one of these is the true Huronian, as at first described 
and mapped by Murray, another is the Keewatin of Dr. A. C. Law
son, containing the iron ores at Tower, Minnesota, and another is 
the series of crystalline schists which we have styled Vermilion 
series. In other placlils these three formations have been fully 
treated.* They are distinctly separated by lithology and uncon
formities that have been noted from Vermont to Minnesota, and 

li': OTE.--At AlgOll1a are occasional very interesting boulders (1603). They contain large 
(and small) l'olmdec1,whitish-green felcbpathie spots which are distributed somewhat 
like,porphyritic Cl'yst::cls. but,they IJave not tlJe angular periphery of cl·ystals. They 
(1,rE' III a DlatI'lX uf oI'cllnary dIabase of dark green color, and tUB spots Dlake the rock 
noticeable. their largest sizes being somewlJat larger tllan all inch in dia.meter. Sonle 
of these boulders arc put in the foundat.ion wttll of the great hotel which the Canadittn 
Pacific railroad projected at Algoflla. a.nd tbat is where we saw then1 first. Mr. Se.l
wyn recalled the dike cutting the Anilnike on the high ridge back of Silver Jslet.as the 
only spot blOwn where ouch rock is in place, This dike WttS visited ill 1879 by the 
wrIter and hIS samples are numbel'ed 601 (,l'enth annual report, p. 5()), but the crystttls 
ill the dike are distinctly angular and not noticealJly greenish. These boulders are 
~ug-gestive of the existence of sueh source in the eount,ry toward the north fron} 
Algoynu.. 

Another cornmon boulder at Algorna, is cOllstituted of quartz-pebble conglomerate, 
1 he pebbles in which are of that alnbiguous character seen in the IHissasa.uguI quartz
yte-whether fl'agmental or of chemical precipitation. While the boulders themselves 
a1'(' I'eferable to t.he Thessalon quartzyte, high up in the Huronian, the pebbles that 
UClJnpOSe so large a portioll (1tJ06) are referable to that unconforma.bly undel'lyin n ' ver
t ieal quartzyte (the l\1issasaugui quartzyte) seen, as above described, a few miles east 
(If AIg-uillu,.] 

'>- Set' till' Sev811tt'L'ntll Anllual Hepo1"1", lHill Ilesota sun'py. 
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should no longer be included under a single term-at least not 
under the term Huronian, which at first had a correct and adequate 
definition embracing but one of them. 

VI. 

ADDITIONAL ROOK SAlIfPLES NUMBERED. 

[l'olkded hy ;><. H. WinchelL intended to illustrate his field llote, in 1888 and 188U.J 

1501. Vein rock and pyrites, from the quartz vein supposed to 
be auriferous, at Eagle Nest lake, east of Vermilion lake; accord
ing to Robert Angst this also contains metallic copper. [See de
scription of this vein in the 15th annual report, p. 32.] 

] 502. Chemical silica, Tower, embraced in considerable masses 
in immediate proximity to the chalcbdonic, in the green schist. 

1503. Chemical (granular?) silica, in a vein about half an inch 
wide running transverse to the green schist, Tower. 

1504. Chalcedonic silica, immediately adjacent to 1503; reddish, 
in thin laminations. 

1505. Some of the schist seen interstratified in argillitic slate 
at the low "slate" knoll south of the "south ridge" and west of 
Tower. 

1506. Four samples showing the relations of the chemical silica 
to the hematite, at the Lee mine, near Tower. 

1507. Brecciated jaspilyte, cemented by a finer breccia of the 
same. From a boulder, but fairly illustrating the beds in situ. 

1508. Black schist with pyrite balls, at the pits at the N.W. 
base of Chester peak. 

1509. On the top of Chester peak some small veins consist of 
chalcedonic silica, crossing the jaspilyte banding. 

1510. At Ely; a sample of the green schist showing the forms 
of two boulders, and the darker green rock separating them. 

1511. Amygdaloidal portions of some of the boulders, showing 
the tubes perpendicular to the surface; from the green agglomer
ate at Ely. at the railroad cut. 

1512. Chalcedonic silica from veins and spots in the rock 1510. 
1513. Vein matter in 1510, similar to 1501. Probably auri

ferous. 
1514. Sample of the gneiss at the Hinsdale quarry, i. e., in the 

Giant's range. 
1515. Frazer's quarry, North Redwood P.O., near Redwood 

Falls, on the Minnesota l'lver. Massive, gray, uniform gneiss, 
without bands of color. 
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1516. Same place. Gray gneiss, with alternating and inter
shading micaceous and feldspathic belts. 

1517. Same place; samples showing much red orthoclase. 
1518. Gneiss, with much red orthoclase. Morton quarries, near 

Red wood Falls. 
1519. Gneiss, showing inclusion of a micaceous, "black rock." 

Morton quarries. 
1520. From a granite mound on sec. 12, T. 11l-3R Redwood 

county. A bedded granitic rock, showing no red orthoclase. 
1521. The gray qual'tzyte at Pokegama falls on the Mississippi 

river near Grand Rapids. Compare 257 (H)-259 (H). 
1522. The gneiss at the upper falls of Prairie river. 
1523. Showing micaceous schist in alternations with the gneiss 

at the upper falls of Prairie river. 
1524. Coarsely crystalline orthoclastic belts, from the gneiss at 

the upper falls of Prairie river. 
1525. Reddish and chloritic mass wedged in the gneiss at the 

upper falls of Prairie river. 
1525 (a). Spottedness shown on the quartzyte at Prairie river. 
1526. Shows another spottedness. Here the rusty spots weather 

out and produce a pitted surface on the quartzyte; same place. 
1527. Hematite and impure hematite, siliceous and jaspery. 

Prairie river falls. 
1528. Rock shown at about the horizon of this hematite. 
1529. Somewhat above 1528. Finely laminated or "streamed," 

ah,o brecciated. jaspilyte, with some vitreous silica. 
1530. J aspilyte and hematite, closely intermixed, but not inter

laminated. The red jaspilyte appears as a felsyte. 
1531. Hematite at this horizon; about one-fourth is hematite. 
1532. Some of the quartzite that underlies this ore is conglom

eritic in patches. 
1533. Red shale. Griffin's camp, N. E. i Sec. 22, 56-24. 
1534. Iron-bearing rock. The ore impure and in broken and 

irregular sheets; hematite. 
1535. Same as 1534. Pit No.2, but struck at 15 feet below the 

surface. 
1536. Same as 1534. Pit No.3. Shuck at one foot below the 

surface. 
1537. Slaty hematite, rather low grade (47 p. c. iron) N. W. i 

N.W. t Sec. 21, 56-14. 
1538. Magnetic iron ore, Sec. 23, 60-23. Fleck's location; from 

John Beckfelt. 
1539. Rock associated with 1538. 
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1540. Duluth; on the Weller road, about 1~ miles from lake 
Superior, but about 2 miles from the business part of Duluth. 
Gray, porphyritic gabbro, with a fine magma. 

1541. Shows contact of the "red rock" on the gray rock 1540. 
1542. Red rock, crystalline. with some light-green apots, from 

the Weller road, bame place as 1540. 
1543. Granular silica, appearing somewhat as if originally chal-

cedonic (see 519). Same place. 
1544. Vein matter in gabbro, at Rice's point. 
1545. Serpentinous vein matter in gabbro at Rice's point. 
1546. Quartz crystals lining vugs in dens8 hematite. Lee mine, 

near Tower. 
1547. Reddish, earthy-looking jaspilyte. Lee mine. 
1548. Breccia of fine pieces of hematite, red jasper and quartz, 

somewhat stratiform. Lee mine. 
1549. Tarnished hematite, appearing as if it might be some 

'3opper sulphide; Lee mine. Coatings; Lee mine. 
1550. Finely banded (sedimentary?), whitish jaspilyte; Lee 

mlne. 
1551. Hard hematite, with included crystals of chalcopyrite. 
1552. Piece of chalcedonic quartz mass, embraced in a boulder 

of Stuntz island conglomerate (agglomerate), near the Lee mine. 
1553. Piece of gray quartzose pebble or gray "felsyte," con-

tained in the same boulder aR 1552. 
1554. Pebble from the same boulder containing vitreous quaItz. 
1555. Matrix of this boulder containing the above pebbles. 
1556. No. 1553 becomes porphyritic in 1556. 
1557. Light colored graywacke, or novaculyte, greenish white, 

with distinct grains of glassy quartz: at the railroad just south of 
Tower pit (Nos. 8 and 9). Dips N. about 75°-80°. 

1558. Green schist, south of the Stone mine, at the railroad cut. 
1559. Interbedded jaspilyte in 1558. 
1560. Fine grains of disintegrated white jaspilyte; dump of the 

Stone mine. 
1561. Breccia of jaspilyte and of hematite cemented by chemical 

silica; dump of the Stone mine. 
1562. In the dump of the Stone mine some of the quartz crys

tals lire superficially roughened and corroded-some of the fine crys
tals. What caused it? 

1563. Green shale breccia; from the dump at the scram south
west of the Breitung mine. 

1564. Botryoidal liinonite on quartz crystals and on hematite; 
same place. 
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1565. Flinty, gray to dark gray jaspilyte, from the dump of the 
hoisting-shaft of the same place. Compare 866 B. and 127'1. 

1566. Rotted, angular masses of jaspilyte as intersected by the 
water-bearing course of a joint crossing a mass of contorted jas
pilyte, at the Breitung mine. 

1567. Pebbly conglomerate, embracing small grains of vitreous 
quartz; a patch or belt in otherwise typical jaspilyte. In the ridge 
that remains separating the Breitung from the Tower mine. 

1568. A jaspilyte egg, somewhat concretionary, at least indis
tinctly concentric in some color bands. From the cut made 
for the high tunnel running south from the Tower pit (No.9), 
where it crosses the light "ore streak" 

1569. Coarse graywacke, rather soft, taken from the roof of the 
same tunnel, crossed by some thin veine of chalcedonic silica, about 
15 feet from the southern entrance. 

1570. From the dump, Breitung mine. What is the fine red 
mineral in crystals '? 

1571. Siliceous "green schist" i.lterbedded in jaspilyte north of 
the Tower mine. . 

1572. From the jasper at the east end of the Stuntz mine. What 
is the white cementing vein-mineral? It appears to be granular 
silica, but also shows apparently cleavage surfaces. 

1573. Gray gneiss, the rock at North Bay, on lake Nipissing, 
Ontario, in general, after the weathered surface is removed. 

1574. Reddish-weathered gneiss, a surface condition of the 
rock at North Bay, Canada. 

1575. Micaceo-hornblendic, garnetiferous rock embraced in 
No. 1573, as foreign masses, some of them fifteen feet across. 

1576. Hydro-micaceous schist, silky-sericitic, from the "Huro
nian" at Wahnapitae, Ontario. 

1577. The rock that contains the nickel ore at the Stobie mines, 
near Sudbury, Ontario, a gray quartzyte resembling the Pewabic 
quartzyte. of Minnesota. Compare 1322 and 1340. 

1578. The ore from the Stobie mines, Ontario. 
1579. The "hornblendic rock" from the dump of the deep shaft 

which was abandoned at the Stobie mine, Ontario. 
1580. Orthoclase found in veins in 157!-J. 
1581. The dioryte dike which is supposed to cut the country 

rock at the Copper Cliff mine, Ontario. With this the ore is in 
some way associated. 

1582. Ore of the Copper Cliff mine. 
1583. Red felsyte, adjoining 1581 on the north. 
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1584. The conditions of the mined rock and the sulphides at 
Copper Cliff mine, Ontario. 

1585. Matrix of a coarse conglomerate with boulders of red
weathering felsyte, one-quarter of a mile east of the Copper Cliff 
mine, north of the railroad. 

1586. Porphyritic rock, the disseminated crystals being of 
hornblende and coarse. At the railroad cut, a mile and a half 
from Sudbury, toward Ohnaping. 

1587. Dike-rock, cut by the grade. near the same place. 
1588. Somewhat granitic felsyte, enclosing masses of dark basic 

rock in a manner like those at North Bay; reddish weathering; a 
quarter of a mile further toward Ohnaping. 

1589. Ore of the Murray mine, Ontario. 
1590. Black slate, Vermilion river, at the railroad crossing. 
1591. Calcareous" concretions" in the black slate at Vermilion 

river. Same place. 
1592. Slate conglomerate, N. \Y. from Vermilion river; from a 

ridge that rises perhaps 150 feet above the railroad. 
1593. A mile and a quarter east of Algoma, on the north shore 

of lake Huron. Green slate,dipping S. 10°, W. 45°·65°. 
1594. A mile and a half east of Algoma. Roofing slate, gray 

to black. 
1595. Slate conglomerate, 3d of Logan's map. Underlying 1594. 
1596. Soft argillyte, with lenticular spots and laminations of 

chalcedonic silica. next east of the slate conglomerate of 1595. 
1597. tlupposed chalcedonic silica, from 1596. 
1598. Fine grained q uartzyte, about 4 miles east of Algoma. 
1599. From the great "slate conglomerate" east of Algoma, at a 

point east of the last. 
1600. Fine-grained, nearly black, mica schist; at a mile and a 

half east of the last. 
1601. Crumpled, white, apparently chalcedonic silica, from some 

argillitic beds east of 1600. 
1602. Coarser quartzyte, still farther east. 
1603. Dike-rock, cutting conglomerate. 
1604. Hornblendic schist, Cooks Mill, at mouth of Serpent 

river. 
1605. Diabasic boulders, with coarse feldspar crystals. Found 

at Algoma (compare 601). 
1606. Quartz-pebble conglomerate boulders. Algoma Mills. 
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INTRODUCTION. 

As preliminary to a careful inquiry into the nature, arrangement 
and geological history of the older rocks of North America, I de
sire to collate the views which have been recorded by competent 
geologists during the last half century. Such a synopsis of opin
ions which have marked the progress of our science and have 
brought it through many labors, conjectures, errors and successes, 
to the very creditable position which American geological science 
holds at the present day, will greatly facilitate the work which re
mains to be done, by placing within convenient reach, the chief 
data of such progress, with copious references to the documents 
from which the information is drawn. Such a compendium of his
toric data will prove especially useful to geologists who have not 
the leisure to look up and digest the original documents. Since 
however, compilations of opinion, though offering opportunities 
for condensation, and even improved lucidity of statement, must 
necessarily lie under the suspicion that the author's view has been 
presented with incompleteness or with unintended coloring, the 
writer has deemed it best to present opinions generally in the ex
act language of their authors. 

The present attempt bears some resemblance to that of Messrs. 
Whitney and Wadsworth in "Azoic system"*; but it will readily 
be seen to have a different aim, and to produce results far from 
identical. Their controlling purpOAe was, to prove, from citations, 
that during the time which has elapsed since the "Azoic System" 
was proposed by Foster and Whitney, no facts have been reported 
rendering it necessary to conclude that the "Azoic System" as con
ceived by them, is not both azoic and indivisible. My purpose 
involves an examination of such a position, but it involves much 
more. I propose to adduce the facts without the influence of an 
unalterable predetermination. I propose to select them impartial
ly-rather in the interest of the writers than in the interest of any 
theory. I propose to give them an unbiased interpretation or to leave 
them without comment, to be interpreted by the reader. Beyond 
all this, it is proposed to cite many opinions not bearing on ques
tions of taxonomy and nomenclature-opinions on all subjects 
whose agitation has taken part in the progress whose fruits we en-

*J. D. Whitney and M. E. Wadsworth, The Azoic System and its proposed subdivisions, 
Bulletin of the Museum of Oomparative Zoology, Geological Series, Vol. I, pp. xvi and 
331-565. 
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joy-problems of structure, superposition, metamorphism and 
geognostic evolution in general. 

The method of Whitney and Wadsworth is geographical; mine 
may be denominated personal; neither traces consecutively the 
evolution of an idea or concept. Concrete methods have peculiar 
uses; and it is hoped the method here pursued may be useful as 
complementary to theirs, even if its subject matter possesses fewer 
advantages than I anticipate. 

In some of these respects the method of the following sketch re
sembles that of Dr. Hunt in his Historical Introduction to the 
Azoic Rocks*. It differs, however, in the important feature of 
giving the views of investigators in their own language. One 
does not feel certain, in reading the memoir of Dr. Hunt, that he 
gets exactly the meaning of the original statement. In some cases, 
it is certain, the meaning is inadvertently colored, or even revers
ed. Dr. Hunt's treatment also, seems to the writer, deficient in 
method. It lacks consecutiveness; it abounds in repetitions; the 
connection of parts is more verbal than logical. The order would 
seem rather to be that of association of ideas in the author's mind 
than one determined by the logical or historical relation of topics. 
For such reasons, it is difficult to follow and comprehend. How
ever this may appear to others, it seems certain that comprehen
sion and clearness of conception must be facilitated by following 
the growth of conviction in each investigator's mind separately
introducing the biographical element into the history of geological 
ideas. 

In the history of this advance, it has been the fortune of some to 
observe nature in the field, of others, in the laboratory, of still 
others, to collate records in the library-and I need hardly remind 
the reader that the efforts of many others have been expended in 
provinces not entered in the present discussion. Those who have 
worked in the field have supplied the greatest volume of records 
snitable for use in the compilation which follows. 

In attaining the status which has been achieved, there must have 
been many false steps taken-erroneous observations, false inter
pretations, hasty generalizations, untenable suggestions, ill ground
ed theories, all mingled from time to time, with the influence of 
the "personal equation." Still, it is safe to assume that every in
vestigator has been actuated by a controlling love of truth, and has 
done perhaps, as well as any other investigator would have done in 
precisely the same circumstances. If any have lost patience with 

*Report E, Second Geological of Survey Pennsylvania. 
-6 
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a fellow-worker, it is profitless to reproduce the sarcasm in which 
impatience has found relief. The language of scorn or contempt 
has contributed nothing to the noble progress which we con
template. 

As intimated, the present summary of opinion sustains a special 
relation to the contemplated sequel of the present memoir. What
ever its separate value may be, its use to the writer consists in the 
light which it sheds on an investigation to a large extent original. 
Circumstances have turned the writer's attention, during a few years 
past, toward the study ofthe older rocks. Though from boy hood fami
liar with the forms and aspects of the crystalline and sub-crystalline 
masses of Dutchess, Litchfield and Berkshire counties; though of
ficially connected with public surveys over the crystalline expanses 
of Michigan; though long since a student of similar rocks in Mis
souri, Massachusetts and Maryland, it is true that the present re
search has been in a field comparatively new, and conducted by 
methods in part unknown to the older investigators, and but im
perfectly mastered by most of us. It has seemed to the writer that 
one of the fields in which he has studied presents the problem of 
the older rocks under simplifications which promise advantages 
not enjoyed by the older students of terranes of high relative an
tiquity. Perhaps he deceivea himself in thinking these advant
ages have brought him-a comparative novice-into possession of 
glimpses of truth which hava been hidden from abler, but less 
fortunate students. He hopes however, the result will j-ustify his 
confidence. 

EBENEZER EMMONS. 

1824. Ebenezer Emmons, in 1824 a pupil of Dr. C. Dewey, was 
associated with the laUer in the preparation of a geological de
scription and map of Berkshire county, Massachusetts, and of a 
small pnrt of the adjoining states.* In this description the rocks 
are arranged in the following order (the whole being here inverted): 

3. Transition limestone, &c. 
2. Quartz, Primitive limestone, Primitive argillite (Upper Pri

mary). 
1. Granite, Gneiss, Talcose slate, Mica slate (Primary). 
The second division indicates the elimination of the "Taconic 

idea" eighteen years before it received a fo~mal designation.** 
*AmericanJournalof Science and Arts, Vol. 8, 1824, pp. 1,240. An abridgement of this 

was included in "A History of Berkshire County," in 1829. 

**1819. In a "Sketch :of the Mineralogy and Gwlo(1Y of the vicinity of Willialll8 Colle!7e" 
(Amer.Jour. Sci., Vol. i, p. 327, ii, 246,1820.) Dr. Dewey had already published the germ
inal conception of the above arrangement, and of the Taconic system. The rocks and 
minerals were arranged in the following order: 1. Granite. 2. Gneiss and Mica 
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1837. At the end of the first season's observations within the 
Second Geological Distt'ict of New York, professor Emmons de
tlcribed the rocks, in the nomenclature of the day, as Primitive, 
Transition and Tertiary. * U uder the first, he describes first, 
Granite, which is "not strictly speaking, granite; that is, it is not 
{lomposed of quartz, feldspar and mica; neither is it a true sienite, 
Tor even the hornblende disappears almost entirely for miles. It 
is mostly fEilldspar. It contains the beautiful Labrador 
feldspar often in large masses. The color of 
the rock is usually grey, greenish or bluish. It rarely 
contains quartz. Iu Essex county it forms mountain 
masses. .. The other primitive rocks of the northern coun
ties are gneiss, hornblende and granular limestone. The talcose 
and mica slates rarely occur." The following is the succession 
;reported, arranged here in descending order: 

TERTIARY, consisting of grey sand and ll1arly clay, with shells 
of recent aspect. 

TRANSITION ROOKS. 1. 
dam sandstone. 2. 

Oalciferous sandrock, including Pots
Transition or Llue limestone. 

PRIMITIVE. Granite, Gneiss, &c. 
1838. Professor Emmons again ranges the rocks of St. Law

rence county as Primitive, Transition and Tertiaryt. The Primi
tive region he also designates "the gneiss district," but he states 
that "the rock is not purely gneiss," but only "the predominant 
rock," the region embracing also "granite, limestone, sienite, horn
blende, steatite, serpentine, &c." The granite, he says, "occurs in 
beds and veins subordinate to the gneiss; in huge angu
lar beds or protruded masses; in the form of veins branching 
irregularly into the adjacent rock, and in overlying masses analo
.gous to overflowing lava currents or greenstone." He speaks of 
it as sometimes "interlaminated with gneiss or other rock," but 
considers ouch position "accidental" (p. 196). The granite and 
gneiss contain in places, more or less carbonat€l of lime, or of lime 
and magnesia. The "primitive limestones" he speaks of as inter
stratified, but is particular to discriminate them from the marbles 
.of Vermont and Massachusetts, "especially those of Berkshire 
county."! He gives eleven diagrams to illustrate the position that 

slate. 3. Quartz. 4. Granular limestone. 5. Argillaceous slate. It will be noted 
that there is one limestone formation. These views were adopted by Prof. Amos 
Eaton in his "Index to the Geology of the United States," 1820, though later, he became 
jin indefatigable original observer. (Amer. Jour. Sci., xiv, 147.1828.) 

*First Annual Report, New York, 1837, Assembly, No. 16, pp. 109-117. 

tSecondAnnual Report, New York, 1839, Assembly No. 200, pp. 194-217. 

:1:This is further insisted on, p. 232. 



70 EIGHTEENTH ANNUAL REPORT 

we have the same evidence of the igneoUE; origin of the primitive 
limestone as of the igneous origin of granite-that is, it occurs in
terbedded, penetrating and ramifying in relation to the granite. * 

The sandstone at Potsdam is said to rest directly on the primi
tive rock, but it is no longer identified with the "Calciferous sand 
rock" of Eaton, (p. 214). On page 217, it is called for the first 
time, "the Potsdam sandstone" (pp. 217, 230.) 

Treating of Essex county he speaks of the granite as "composed 
essentially of Labrador feldspar and hypersthene," and decides 
to style it "Hypersthene rock" (p. 220). It contains extensive 
beds of iron ore, sometimes branching and vein-like. The pri
mary limestone "uniformly occurs in veins" in the hypersthene 
rock. The gneiss of the country is limited in extent, is interlami
nated with saccharoidal limestone, and contains beds of magnetite 
and hoomatite (p. 221).t 

We have no documentary evidence of the progress of the evolu
tion in Dr. Emmons' mind previously to the publication of the 
Gazetteer next to be mentioned. But professor Dana has recorded 
the fact t that, according to information from professor James 
Hall, a discussion of " Taconic ideas" took place at the meeting of 
the "Association of American Geologists and Naturalists" at 
Philadelphia, in April, 1841. In this, Dr. Emmons was opposed 
by H. D. Rogers, E. Hitchcock, W. W. Mather and James Hall, 
while Lardner Vanuxem favored his views. II 

*Numerous other reputable geologists have entertained the same rather remarkable 
opinion-von Leonhard, Giudini and Rozet. 

tThe Tertiary beds are of some considerable extent, occupying" not only the Cham
plain valley but that of the St. Lawrence and Hudson also." He notes it as a "ma
rine formation," and states that "above these clays, &c, we have the modern group 
composed of boulders, pebbles and sands" (238). Emmons here bestows the names "Mt. 
Marcy" and" Adirondack group" or "Adirondacks "-the latter to embrace the high 
summits of northern New York. (pp. 242, 243). 

*Amer. Jour. Sci. III., xxxvi, 412. 

II The Proceedings of this Meeting are found in the ., Trams. A8S0C. Amer. Geologists ana 
NaturaLists, 1840-42. but this discussion not having been reported, no mention of it ap
pears, under a rule of the Association. The proceedings are reported also, in Amer. 
Jour. Sci., xli, 158, 1841. The grounds of Vanuxem's defence are stated in Report on the 
Third District, 1842, pp. 22-23. He styles it "The Taconic or Intermediate System," and 
says, "the Cambrian System holds the same position." Mather's reaSOns for regarding 
the Taconic rocks as a metamorphic condition of the Champlain rocks are given (p. 438) 
at the close of a chapter on the Taconic system; also p.464 (Report Third District of 
Ne;w York, 1843, pp. 422-438), Professor Hall in his report on the Fourth District, em
braces the Taconic system in his enumeration, and nowhere expresses any dissent. 

"The comparison of views at the meeting", says professor J. D. Dana, (Amer. Jour 
Sci., Ill., XXXVl. 41a. Dec., 1888) "resulted in inducing Prof. Rogers and Prof. Hall t~ 
take the field for the study of sections over the Taconic region. The season had just 
passed when Prof. Rogers made a I'eport on his results to the American Philosophical 
Society at Philadelphia \Proc. AmM'. Phil. Soc., Jan., 1842) sustaining the views which 
Hitchcock. Hall, Mather and himself had before favored". 
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1841. A communication appeared from Dr. Emmons on "The 
Geology of Montmorenci,"* which, according to Dr. Selwyn, 
"seems to be of considerable interest and importance, in view of 
recent discussions." It supplies some of the evidence on which 
Dr. Emmons determined the existence of a great fault, reaching 
from the St. Lawrence into Vermont and New York. On the 
highway from Quebec to the falls, at the Beauport river, a regu
larly bedded, horizontal, nearly black limestone outcrops, "present
ing a remarkable contrast with the highly inclined rocks of Que
bec." A "black slate," also, "apparently rests against" the lime
stone. A fault or uplift is thought indicated by the facts here 
observed," along the line which the road passes." The first out
crop is" very clearly Trenton limestone," and "the slate is the 
Hudson River slate." 

At the fall, the bed of the river above, is gneiss. Reposing 
horizontally on its edges, is, first, the Potsdam sandstone, stained 
with copper, and not over ten feet thick; second, coarse bowlders, 
as at Chazy, N. Y., considered the upper portion of the Potsdam; 
third, "a compact limestone" conformably overlying, containing 
encrinites. This "graduates into a gray, crystalline limestone," 
with broken encrinites. Succeeding this is the Trenton, 60 or 70 
feet thick. The absence of the Calciferous and Chazy is noted; 
though this is hot considered remarkable. 

Below the fall, the rock forming the fall is seen to be fine
grained gneiss. Against this, the Black slate of the Hudson river 
reposes, but with an unconformable inclination. Dr. Emmons re
cognizes here a fault, with an uplift on one side "and a down heave 
on the other, by which the slate has been thrown into an inclined 
position." 

This fault is regarded as extending south along the Beauport 
road, and even into the state of Vermont; and "may be particularly 
traced on a line connecting Johnson's mountain in Lower Canada, 
several points on the Missisqae bay adjacent to the Provincial 
line, and also, at the remarkable uplift at Snake mountain, in 
Addison, Vt. A line uniting those points and several others in the 
same direction, marks the line of a great disturbance which has 
deranged the lower Transition rocks for at least four hundred 
miles." 

In view of these facts, Dr. Emmons asks; "May not the great 
fault have caused the confusion in the writers on geology, in re-

'The American Magazine, November, 1841. See this reproduced in America,n Geologist. 
ii, pp. 94-100, August, 1888. The date of this paper was wrongly printed in the American 
Geolog13t at first, but was corrected afterward (vol. iv, p. 387). 
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gard to the lower Transition rock, particularly the Hudson River 
slates and shales? May not the same derangement exist in Eng
land and Wales, and have been the cause, at least in part, of their 
separation from the Silurian system, and of their being consid

.ered as one distinct therefrom, and which has been called the 
Cambrian System?" 

He speaks of the horizontal position of the Hudson River rocks 
at Pulaski, Lorraine, Rodman and Pinckney, in New York, con
formable with the Silurian system; and of their inclined position 
in Rensseher and Washington counties, in Vermont, and the en
tire length of Lower Canada. In the latter region, they agree 
with the Cambrian (omitting the lower portion.) He speaks of 
this as a conviction of long standing. 

He continues: "It is proper to notice here one source of diffi
culty in regard to the rocks of the Hudson river, especially on 
their eastern border. It is the fact of their overlapping in this 
direction, the Trenton limestone and the other Transition rocks 
beneath. The consequence has been that, in traveling from east 
to west, or from Massachusetts and Vermont to New York, we 
pass directly from the Primary mass to the higher members of the 
Transition system; consequently they [geologistsJ have placed 
them upon the Primary, and considered them as the lowest of the 
Transition; whereas there intervene~ between the Hudson river 
slates and the Primary, the Trenton limestone, the Birdseye, 
Calciferous, and Potsdam sandstone, the aggregate thickness of 
which exceeds a thousand feet. Not one of the lowest members of 
the Transition system appears in the eastern prolongation, between 
the Highlands of the Hudson and the Highlands north of Quebec. 
adjacent to the Primary, in consequence, as has already been said, 
of the overlapping of those rocks formerly termed Greywacke, 
or now known as the Hudson river series, to the talcose slates of 
the Primary, and also, the great correspondence in kind aad 
amount of their dip." 

Speaking of the tenuity of the Hudson River rocks where found 
horizontal, and their great thickness where inclined-amounting to 
20 or 25 miles-he says:-"There can be no doubt that east of the 
Hudson, there are numerous repetitions of the same layers; for it 
cannot be supposed for one moment, that any of the formations 
above the Primary, can be of this enormous thickness which ob
servation seems to indicate." 

1842. While occupied in the preparation of his final report on 
the Second District of New York, Dr. Emmons drew up an article 
on the "Topography, Geology and Mineral Resources of the State 
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of New York", which was published in March, 1842. * In this arti
cle he says: "The rocks (upon the eastern border of New York, 
adjacent to Vermont,Massachusetts and Oonnecticut )are situated be
tween the gneiss of Hoosick mountain on the east and the slates of the 
Transition on the west. They occupy, therefore, geographically, 
as well as geologically, an intermediate position-the rocks on the one 
hand bearing a very close resem blance to the Primary on the east, and 
on the other, a great similarity to the Transition slates on the west. 
Still, as a whole, the rocks of the Taghkanic range may generally be 
distinguished from those on either side, their general character be
ing derived from the presence of a large proportion of magnesia, 
which imparts to the rocks a softer feel and a peculiar greenish 
color. It is not proposed in this plan, to separate these rocks from 
the Primary, but to consider them as belonging to the upper por
tion, and to speak of them a!, the Taghkanic rocks, or perhaps as 
the Taghkanic System. Oonsidering th~m for the present, as 
belonging to the upper portion of the Primary, the Taghkanic 
rocks will be composed first of a peculiar talcJse slate, or a mag
nesian slate in part; in other parts, it is plumbaginous, which 
strongly soils the fingers. Second, of white, gray and cloud
ed limestone, varying in texture from fine to coarse.granular, often 
interlaminated with slate, the latter often merely coloring the lime
stone, so as to impart that clouded appearance 'fhird, of 
granular quartz, or a sandstone generally silicious and of a brown 
color The whole Taghkanic System is clearly stratified, 
and is wholly unconnected with gneiss, serpentine, granite, sienite, 
steatite or hornblende " 

This distinct announcement of the Taconic System, it will be 
observed, appears in a volume printed in March, 1842. It must 
have been drawn up, probably, some months previously. Professor 
J. D. Dana, by a slip extraordinary for him, has quoted a passage 
from Mather's Fifth Annual Reportt, the meaning of which is that 
the writer, on January 20, 1841, (Dana says Febuary I, 1841), re
garded the "granular quartz" (embraced in the Taconic) as simply 
"the Potsdam sandstone in a metamorphic state", and the associ· 
ated "granular limestones" as belonging to the same geological 
epoch", and that "the rocks generally along the eastern border of 
New York, and probably all the rocks from the New York State 
line east to the Oonnecticut valley are similar". But these, it ap
pears, were not Emmons' views on the first of February, 1841. The 

'A Gazetteer ot the State at New York, etc., Albany, 1842. J. Disturnell, March, 1842, p. 
Attention has been called to this and other early literature bearing on the Tacon· 

.0 system, by Lieut. A. W. Vogdes, in the American GeoloGi1lt, vol. II, 1888, pp. 352-55. 
tAme,.. Jour. Sci... III,XXXVI,411, beginning,"The granular quartz of Benuington".&o. 
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conception of the Taconic system was not originated in the brief 
period between this date and January 1, 1842-the date of Emmons' 
final report. The citations already made from the geology and 
map of Berkshire county show that the body of rocks between the 
Primary granites, gneisses and schists, and the Transition rocks 
above, had been isolated eighteen years before, though at that time 
designated "Upper Primary". If Emmons made no mention of 
them in his annual reports, it was because they were not embraced 
in his district. In a final re~ort, however, he tells us he felt 
constrained to carry into effect a: plan formed in the beginning of 
the survey, "to furnish the materials necessary for a complete 

• work on the New York rocks" and to make "this volume distinct 
from, and independent of, the reports of the other districts"* In 
another connection he informs us that the conception of the Tacon
ic dates from 1838.* * 

In his Final Report on the geology of the Second District,t Dr. 
Emmons gave the following classification of the Primary rocks: 

I. UNSTRATIFIED. II. STRATIFIED. III. SUBORDINATE. 
1. Granite 1. Gneiss. 1. Porphyry. 
2. Hypersthene rock. 2. Hornblende. 2. Trap. 
3. Primitive limestone. 3. Sienite. 3. Magnetic, and 
4. Serpentine. 4. Talc or Steatite. 4. Specular oxide of iron. 
5. Rensselrerite. 

The granites are recognized as erupted at different epochs. The 
hypersthene rock contains disseminated grains and extensive beds 
of magnetite (p. 222). The primitive limestone is still regarded 
as unstratified and igneous in origin (pp. 38, 225). Adverse opin· 
ions are examined, and new evidences adduced. Serpentine is also 
alleged to be never stratified, and to have been erupted, probably, 
at different epochs (pp. 69, 70). Yet it never occurs in dikes or 
veins, and causes no alteration in contiguous rocks. The same 
opinions are entertained of Rensselrerite (p. 74). "The term sienite 
is applied to a stratified rock composed of feldspar and hornblende" 
(p.80). The magnetic and specular oxides of iron are regard~d as 
of igneous origin (p. 97). Of the origin of the stratified primary 
rocks nothing is here recorded. 

The seventh chapter of this volume (pp. 135-164), is devoted to 
the "'l'aconic System," though none of the rocks have been ob
served to occur in the Second District of New York. "A large por
tion of its rocks or masses are interlocked between the New Eng
land or primary ranges upon the east, the most important of which 

*Report, Second Dist., 1842, p. 135. 
** American Geology, Pt. II, pp. 5 and 6. 

tGeo/I!(JY of New Yor/(., Part II, 1842, p. 23. This was published May 26, 1843. 
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is the Hoosick mountain, and the Taconic (range), with the more 
westerly abrupt hills, upon the west-or the eastern border of the 
New York Transition system." On each side, the rocks partially 
blend with the contiguous systems. The lower limit of the Taconic 
system is the upper limit of the Primary. The statement that 
"these rocks belong to the earliest deposits" (p. 141,' would imply 
that gneiss (of the Primary) is not regarded as sedimentary in 
origin*. The upper limit of the Taconic system is the Potsdam 
sandstone-which at this epoch was regarded as the base of the 
fossiliferous series, or at least of the Silurian series. 

The formations here embraced in the Taconic system are the 
following, in descending order: 

5. Stockbridge limestone, coarse granular and of various 
colors. 

4. Granular Quartz rock, generally fine grained and brown, but 
sometimes white, granular and friable. 

3. Magnesian slate having a soft feel. Principal mass of 
Taconic mountains (p. 153). Perhaps repeated in Greylock 
mountain, on the east of the Sparry limestone. 

2. Sparry limestone. 
1. Taconic slate, at the western base of the Taconic range, ad

jacent to the Hudson River shales. 
The order of superposition, however, is not regarded as settled 

(p.150).t 
This is what Dana calls Phase 1. 
It is difficult to appreciate the reasons given by Dr. Emmons 

for placing his Taconic slate at the bottom (supposing this is what 
he means)-even in the light of his own section from Adams, 
Massachusetts, westward to the Champlain rocks of New York 
(given on p. 145). It is true the beds have a general dip east
ward, giving the "Taconic slate" the appearance of dipping under 
all the other members; but the" Taconic slate" lies contiguous to the 
Champlain rocks, and even extends under them, though apparent
ly by an overslip of the latter. 

It is a singular inconsistency of Dr. Emmons, that in explaining 
. the distinctions of the four limestones from the Primary to the 
Champlain, he exprj:lssly ranges the "Sparry limestone" above the 
"Stockbridge limestone" (p. 142)-an order which he was des
tined later to accept for the whole Taconic series. Similarly, (p. 

*"Dividing the rooks into two olasses, the primary and sedimentary" (p. 290) he says, 
elsewhere. See also p. 416. 

tThere are some indioations that the order intended by Emmons is the reverse of 
this. So Mr. Marcouhas understood him, in "The Taconic system and its position in 
stratigraphic geology" (Proc. Amer. AClUl., xii, 174-256, 1885.) 
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142) he places the "magnesian slates" below the" fine aluminous 
slate (" Taconic slate,") an order which he immediately, but with 
appal'ent unconsciousness, reverses (p.144) and, though somewhat 
hesitatingly, defends (p. 147). 

The Stockbridge limestone must be distinguished from the Pri
mary limestone below, and the Sparry limestone must not be con
founded with a silicious limestone occurring in the" Ohamplain 
group" above. Similarly," the "Magnesian slate" must be dis
tinguished from the lower Talcose slate of the Primary, and the 
Taconic slate must not be confounded with the shales and slates of 
the Hudson river. The Taconic rocks are entirely destitute of 
fossils; but" they furnish us with a knowledge of that state which 
immediately preceded the existence of organic beings" (p. 164). 
They are regarded as "equivalent to the Lower Oambrian of Pro
fessor Sedgwick," "the upper portion being the lower part of the 
Silurian system." 

In the" Tabular Views" of the sedimentary rocks of New York 
(p. 429), the members of the Taconic system are given as follows: 

4. Granular Quartz [=Potsdam sandstone.] 
3. Stockbridge Limestone r=Blue limestone of Hudson Valley.] 
2. Magnesian Slate L =Slates of the lowest formation of the Appa

lachian System.] 
1. Taconic Slate. 

I have placed at the right in brackets the equivalences of the 
Taconic members as maintained by professor H. D. Rogers, in 
1844.* 

It will be noticed that the relative positions of the Granular 
Quartz and Stockbridge limestone here are the reverse of those 
given near the commencement of this report. Also, the Sparry 
limestone is omitted. 

1844. Dr. Emmons issued a thin quarto volume entitled "'ra
conic System," and dated December 2, 1844, containing the results 
of the previous two years of study. The Taconic system appears 
with importar.t changes and an extension of area. The contents 
of the memoir were exactly reproduced (except the Preface) in his 
Report on the Agriculture of New York.t 

1846. In the first volume of his Report on the Agriculture of 
New York,! he devotes the fifth chapter (68 pages) to a fresh dis-

* In May, 1844, Prof. H. D. Rogers returned to a discussion of the Taconic system, in 
his presidential address before the Association of American Geologists and Natural
ists at Washington (Amer. Jour. Sci., xlvii, 13~, 247,444). He seems to have been the first 
to suggest that the Potsdam sandstone might not be the absolute base of fossilization 
a.mong Allier can rocks. 

tThe Tacon'ic System, based on olJservations in New Yor/~, Massac/msetts, Maine. Vermont 
and Rhode Island. 

*Allriculture oj New York, vol. 1,1746. p. 55. 
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cussion of the Taconic system. Stimulated by the opinion of the 
brothers Rogers, accepted by Mather, E. Hitchcock and Dr. Sam
uel L. Dana, that the Taconic rocks were merely metamorphic condi
tions of the lower members of the New York or Appalachian system, 
he resumes, with new facts, a presentation of evidences sustaining 
his former positiolls, 1st, that the Taconic rocks are "inferior to 
the Champlain division of the New York system, or the lower di
vision of the Silurian system of Murchison (p. 55); 2d, That they 
are a series of sediments reposing directly on the Primary system; 
3d, That they contain previously unknown organic remains; 4th, 
That the lithologic members of thQ Taconic system have a different 
order of arrangement from that found within the New York sys
tem, and are much thicker than those to which they have been 
supposed equivalent in that system. The members of the system, 
as now recognized, are as follows: 

6. Black slate (hitherto included in Taconic slate), with Atops 
trilineatus and Elliptocephalus asaphoides. 1. 

5, Taconic slate (with seven subdivisions), including Hoosick 
roofing slates with Bucoides and Nereites. III. 

4. Sparry limestone (of Eaton). II. 
3. Magnesian slate of Taconic and Saddle mountains. 
2. Stockbridge limestone, in the Hoosick and Housatonic val

leys, and extending to Sing Sing. 
1. Brown sandstone or Granular Quartz, with four subdivis

Ions. 
This is what Dana. calls Phase II. 
The Sparry limestone is here replaced, the Black slate is sepa

rated from the Taconic slate, and the whole series is turned upside 
down. This order is now in accordance with the indications of the 
section given on page 145 of his Report on the Second DistrICt, and 
conforms with the theory of an overturn, as maintained by H. D. 
Rogers. 

In this volume, the Taconic is recognized in Rhode Island, in 
Maine and in Michigan. 

In another publication of about the same date* he makes a his
torical remark on the origin of the Taconic system, referring to 
the article in Disturvell's State Register. "In making up our 
notes for this object," he says, "we found it necessary to fix upon 
some general subdivisions of the rocks belonging to the State. 
We drew up an abstract of the plan, and submitted it to the criti
cism of the Rev. Prof. Dewey, of Rochester. Profebsor 

*American Q!!ClIrterly JO!!rlwl of Agriwltw'e and Science, vol. iv, 1846, p. 202. 
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Dewey approved of the division proposed, in the main. It re
sulted in separating the rocks in the vicinity of the Taconic range, 
both from the Primary and the New York Transition, as we then 
called them. 

1848. Professor James Hall having described* Atops trilin
eatus of Emmons under the name of Oalymene beckii, and re
ferred it to the Hudson River group, and having also described in 
the same work (p. 256) Elliptocephalus asaphoides under the 
name of Olenus asaphoides, and referred it likewise to the Hud
son River group (see especially Hall's foot-note, p. 257) professor 
Emmons, "with other specimens more perfect" presented to the 
American Association, a new and detailed description of Atops 
trilineatus, and a parallel description of Triarthrus (Oalymene) 
beckiit pointing out what appeared to be important diiferencest. 
He also discussed Elliptocephalus, and indicated technical dis
tinctions between that genus and Olenus and Paradoxides (p. 18). 
In the same connection he repeated that the tenability of the 
Taconic system rested on structural and mineralogical evidence 
"far more important than the presence or absence of certain 
fossils" -meaning evidently, these fossils. 

1855. In his" American Geology," the second part of which 
appeared this year, II the Taconic system receives a new presenta
tion. The following is a synopsis of the System as then under
stood: 

Upper 5 Black slate of Bald lllouniain, I. Cambrian. 
Taconic. ? Taconic slate, III. I. Hudson slates and Cam. 
Lower 1 Magnesian slate, III. Hudson slates. 

Taconic. Stockbridge L. includ'g t:lparry L. II. Lower .Silurian. 
Granular Quartz. I. Cambnan. 

(I have added on the right, the eqUivalences as laid down in 
1888, by professor J. D. Dana). 

This is styled by professor Dana, Phase III ; but the only change 
made since Dr. Emmons' last publication is the omission of the 
"Sparry Limestone," as in the" Tabular View," at the end of his 
Report on the Second District-this being merged in the" Stock. 
bridge Limestone,"-and the recognition of a division of the sys
tem between the fossiliferous and the unfossiliferous portions
giving us "Upper" and "Lower" Taconic. There were two reasons 

*Palaeontologyo! New YOI·It, vol. i. p. 252., pI, lxv, figs, 4a-e. 

tProc. Amer. Assoc., 1848, pp.16-19. 
* In his judgment of lack of identity, he had been sustained by S. S. Haldeman, chair

man of a committee of the Association of American Geologists and Naturalists, a 
pOinted to consider the question (Amer. Jour. Sci. II, v.1l7, 1848). This judgment 
fessor Hall opposed (Amer. Jour. Sci. II, v, 322. 1848.) 

II American Genloem. Part II, SilO pp., Albany, 1855. pp. 1-122. 
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for inverting the order as originally given: 1st, evidence of an over
turn, as all along argued by Rogers, and as shown by the diagram 
given by Emmons himself; 2d, the discovery of fossils in the Black 
slate, which Emmons had always merged in the Taconic slate, or 
had closely associated with it (Ag. Rep., 63). Thus the Black and 
Taconic slates now stood at the top, but their close chronological 
association was an erroneous assumption--the former only belong
ing truly to the sub-Potsdam series. As Dr. Emmons excluded 
the Potsdam sandstone from the Taconic, and as the Granular 
Quartz has proved to be Potsdam sandstone, the Black slate was 
all that he had thus far really brought into the sub-Potsdam Ta
conic. This Black slate of Bald mountain, Rensselrer county, was 
now the only imperishable nucleus of the Taconic system as con
ceived-however Dr. Emmons believed. The so-called Lower '1'a
conic was pronounced azoic. 

The following points taken from the "American Geology" (p. 
122) embody the most important features of the system as then 
understood by its author: 1. "Its series divided into groups are 
physically unlike the Lower Silurian series; 2. "It supports un
conformably at numerous places, the Lower Silurian rocks." 3. 
"It is a vital system, having been deposited during the period 
when organisms existed"; 6. It "carries us back many stages 
further in time, when life gave vitality to its waters, than the Si
lurian." To the Bald mountain locality of trilobites he here added 
one in Augusta county, Virginia, from which he described Micro
discus quadricostatus. He also described four mal"ine plants, 22 
graptolites and six molluscs. 

Keeping in mind the black slate of Bald mountain, which had 
~ yielded two species of trilobites regarded by Emmons as sub-Pots

dam in age, though described by Hall as of Hudson River age, it 
is interesting to note the discovery, about this time, of other tril
obites in the Black slates of West Georgia, Vermont, lying within 
the region claimed by Emmons as Taconic. These faUing, after 
two years, into the hands of prnfessor Hall, were also described by 
him* as belonging to the Hudson River group. By this authority 
the beds were thus made equivalent to the Bald mountain Black 
til ate. The names given these trilobites were Olenus thompsoni, 
0, vermontana and Peltura holopyga, now determined by Walcott 
as Olenellus thompsoni Hall, O. (M esonacis) vermontana Hall 
sp. and Bathynotus holopyga Hall (Amer. Jour. Sci. III, 
xxxvii, 389, May, 1889). TheRe were new accessions to the real 

*1'weljthAnn. Rep. New York Regents, 1850, 50-62. On the age of the rocks see Pal. N. 
Yor/r, vol. III, p. 94; compare alsoid., p. Sil. 
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Taconic, for, though made Silurian by Hall, they were recognized 
by Farrande as primordial or sub· Silurian types. A real sub-Pots
dam Taconic existed, therefore, in 1854, in Rensselaer county, 
New York,. and in 'West Georgia, Vermont, pot to mention Augusta 
county, Virginia. That fact was embraced in Dr. Emmons' claim.* 

1859. We have no documents of this date from the pen of Dr.· 
Emmons, showing his use of these primordial trilobites as vouchers 
for the existence of a real Taconic system. We find no recorded 
views from him on the publication made by Prof. Hall in 1859; 
but in his Manual of Geologyt (p. 88) the preface of which is 
dated May 1, 1859, a large trilobite is figured under the name of 
Pantdoxides brachycephalus, which, as suggested by professor 
C. H. Hitchcock in 1881.l is identical with Olenus thompsoni 
Hall. 

This publication antedates that of the Tweljth Regents' Report. II 
The evidence is, therefore, that independently of work done by 
others in Vermont, and before their results were published, Dr. 
Emmons had become acquainted with, delineated and published 
sub-Silurian trilobites within the Vermont area over which he had 
extended his asserted sub-Potsdam Taconic system. The Georgia 
slates now reginning to yield the palaeontological evidence of their 
age, were part of the "Primitive argillaceous slate" of professor 
Dewey;§ the "Primitive argilla.ceous slate" of Dr. E. Hitchcock;** 
the "Black slate" and "Taconic slate" of Dr. Emmons in various 
publications on the 'l'aconic system. 

1860. However, in a note at the end of the second edition of his 
Manual of Geology (p. 280) he says: "The slates or shales referred 
to (in the Regents' Report for 1859) in northern Vermont, as con
stituting a new series above the so-called Hudson River group, in
stead of ranking thus high in the geological scale, are really sub
I::)ilurian, as is fully proved by the overlying calciferous sandstone. 

'The Taconic system was maintained in the Report on the Geological Survey of 
North C(trolina, 8 vo. 1856, pp. 49-72-reviewed in Amer.Jour. SCi. II, xxiv, 427·430. 

'~MamU11 Of Geology, By E. Emmons, 290 pp. 8 vo, Philadelphia, 1860. 

:~Geolo(Jy of Ve,.mont, vol. 1, 367. 

IIAccording to Prof. Hall, the whole of the XIIth Regents' RepOli; was published pre
vious to Sept. 20, 1859. Mr. Billings gives Oct. or Nov. for the date of publication (Oan.. 
(!aian Naturalist, vi, 316) though the date on the title page is March 15, 1859-evidently 
the date at which the printing beglLll. This document purports to be "some of the 
results of investigations made during the years 1855, '56, '57 and '58 by James Hall " and 
a note states that they "are .. lready printed in the third volume of the Palaeontology of 
New YD?'k." The transmission of this volume to the governor, nevertheless, is dated 
September, 1859," showing that though "printed," it was not published earlier than the 
Twelfth Regents' Report. 

§Geolorfical Map of Berkshire, Ma~s; Oolumbia and Rensselaer counties, N. Y., Amer. Jour. 
Sci., viii, 124. 

* *Geological Report of Ma~wchusetts, 1832. 
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We now know the following trilobites, all of which belong 
to a slate beneath the Calciferous, viz: Atops punctatus, Ellip
tocephalus (Pamdoxides) asaphoides, Paradoxides Thompsoni, 
P. Vermonianus, P. macrocephalus, P. (Pagu1"Us) qlladrispinosus 
and lIficrodiscus quadricostatus." 

This extension and validity were gi ven the Taconic system during 
the life of Dr. Emmons, and almost wholly through the persistence, 
ability, and force of his own efforts. The geologists of the country, 
save Vanuxem, Jewett and Billings, were unitedly against him. 
The most prominent palooontologist of the country had referred the 
Georgia trilobites to the upper part of the Hudson River group. 
The distinguished structural geologist of Canada, Sir William 
Logan, had rendered his testimony that the shales affording the 
fossils were "part of a series of strata which he is (was) in
clined to rank as a distinct group above the Hudson River proper.* 
Only one authoritative voice was raised in vindication of Dr. Em
mons' long contested claims. That voice came from across the 
ocean, and almost in tones of reproach for American palooontology, 
in failing to recognize the principles of order which it had pro
.fessed to recognize in the succession of organic life, gave utterance 
to the sentiment: "Si Ie Dr. Emmons fait encore de 1 a geologie c' est 
pour lui une belle occasion pour reproduire ses anciennes observa
tions et ses idees avec plus de succes q'en 1844.t 

No public documents relating to the Taconic, of later date than 
1860, issued from the pen of Dr. Bmmons. He went to North Car
olina in September, 1860, as Stale Geologist, and remained within 
the Confederate lines during the civil war, "until he died, in 1863, 
at his plantation in Brunswick county, on the first of October". 
Mr. Marcou, however, maintained a correspondence with him until 
January 28, 1861, and from these letters I quote a few passages. II 

In a note dated Raleigh, Nov. 10,1860, he says: "I do not think 
him (Barrande) right in maintaining that his Primordial Group is 
a part or parcel of the Silurian The Lower Silurian is 
strictly unconformable to every part of my Taconic series." Writ 
ing the next day, he continues: "Perhaps I did Barrande injustice. 

I find that after all, his Primordial Group is only Lower 
Silurian. I conceive we have exactly his Primordial Group in the 

*Twelfth Report N. Y. Regents, p. 62, note. 
tLetter of M. Barrande to M. Marcou,14th Aug., !860, (Proc. Amef'. Acad., 1885. p. 182 ) 

"On the Primordial Fauna and the Taconic System of Emmons." Also, in part, Proc. 
Boston Society Nat. Hist. vii, Dec. 1860,369-375. 

liThe letters are published, with much other correspondence, in Proc. Amer. Acad., 
xii, 1885. pp. 181-224. 
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band of slates containing the Pamdoxides. * On the 28th of Dec
ember, referring to a communication rejected by the editor of the 
American Journal of Science, in which were embodied some com
ments on the Huronian system of Logan, he says: "I claimed that 
the Huronian was only the Taconic system." On January 23, 1861, 
he writes: "It was ten years ago, I think, when I claimed Logan's 
Huronian system as nothing more than the Taconic. The 
acknowledgment of the Primordial of Barrande in this country (re
ferring to some concessions of Sir William Logan)t is really one 
of the finest and best facts in geology, making a co-ordination of 
American and European rocks so complete and harmonious; I 
think of nothing I have said or done in this matter; I look upon 
the harmony of the systems; they are truly worth dwelling upon." 

In reference to M. Marcou'E; proposal to include the Potsdam sand
stone within the Taconic, Dr. Emmons writes, January 28, 1861 : 
"Let me declare once for all, that I have not the slightest objection 
to your view. If you believe you can make out a good case 
with the Potsdam anywhere, I never shall object, for I have no 
wants except truth." 

These noble sentiments close the correspondence, and constitute, 
so far as I know, the last utterance of Dr. Emmons which passed 
the lines of a country so soon to become the theatre of bloody war. 

Let us now consider the form which the Taconic system had as
sumed during the lifetime of its author: 

(Potsdam sandstone (suggested by 

~ Marcou, assented to by Emmons). I. Cambrian. Upper I Taconic. Back slate of Bald Mountain and 
I Georgia slates of Vermont. 1. Cambrian. 
l Taconic slates. III. Hudson slates and I. Cam. 

{
Magnesian slate. III. Hudson slate. 

Lower Stockbridge limestone, including 
Taconic. Sparry limestone. II. Lower Silurian. 

Granular quartz. I. Cambrian. 

*This looks like an admission that Emmons' Paradox:ides band was Lower Silurian
against which be contended. But though Primordial was Silnrian in the extended 
sense ill which Banande used the term, it was beneath the Silurian as Emmons con
ceived it. On the previous day he had declared Barrande's Primordial not properly 
Silurian. 

tAbout this time, in a letter to Barrande, dated Dec. 31, 1860, Sir W. E. Logan wrote: 
"Professor Emmon:; has long maintained . . . that rocks in Vermont which in June 
1859, I for the first time SOLW and recognized as equivalent to the magnesian part of th~ 
Quebec group, are older than the Birdseye limestone; the fossils which have this year 
been obtained at Quebec, pretty clearly demonstrate that in this he is right. It is at 
the same time satisfactory to find that the view which Mr. Billings expressed to you in 
his letter' of the 12th, July, to the effect that the Quebec trilobites appeared to him to 
be about t.he base of the second fauna, should so well accord with your own opinions, 
and that what we were last spring disposed to regard at Georgia as a colony in the sec
ond fauna should so soou be proved, by the discoveries at Quebec, to be a constituent 
part of the Primordial Zone." This, says Barrande (Documens a.nciens et nouveaux, etc 
Bull. 4 Fcy .. 1860, p. 320) .. if; a formal recognition by Sir William Logan, of t,he Taconic 
System at the base of the Silurian." 
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On the right are the parallelisms established by Dana, Walcott 
and others. The Table shows the Taconic system left by its au
thor in state of incompleteness-even confusion. We find three 
members whose true positions are above the Potsdam sandstone. 
But we find also three members whose positions are admitted to 
be sub-Potsdam-as maintained by Emmons. The mal-position 
of the Stockbridge limestone was an error of exactly the same 
magnitude as that of the geologists who would identify the Gran
ular quartz with the Potsdam sandstone, or would make the Black 
slates of Georgia synchronous with the Hudson River shales. Our
science was then in a comparatively crude state, and none of these· 
errors need surprise us. We have ascertained that a real sub
Silurian system exists, and that Dr. Emmons fixed upon three if 
not four of its members. Such are the facts. Geologists wilL 
differ as to the question whether such a degree of success entitles: 
Dr. Emmons to a recognition of the name proposed by him for the 
real system whose existence he mentally apprehended so well, but 
whose form he defined so imperfectly. 

It is intended to pursue the later history of opinion concerning 
the Taconic system, as, with the progress of science, the question 
became more and more palffiontological; and if not yet regarded 
as settled, the discussion is proceeding mainly on p9.lffiontological 
grounds. The principal papers published in the controversy, since 
ih~ close of the era of the founder-about 1860, will, unless pre
viously quoted, be found cited in the subjoined note. 

*1860. Barrande, Joachim. 
On the Primordial Fauna and the Taconic system, with Notes by Jules Marcou. 

Proc. Bos. Soc. Nctt. Hist., Vol. V II, pp. 360-382. 
1861. Barrande, J. 

Documens anciens et nou veaux BurJa faune primordial et Ie systeme Taconique 
en Amerique. Paris, 1861. 

1861. Hunt, T. S. 
On the Taconic system of Emmons. A.mer. Jour. Sci. II. xxxii, 427-430. 

1861. Hunt, T. S. 
On some Points in American Geology. Ame". JOlt". Sd. II. xxxi. pp. :103-414. 

1861. llIarcou, Jules. 
The Taconic and Lower Silurian Rocks of Vermont "nd Canada. Proc. Bos 

Soc. Nat. H;~t .• Vol. viii, pp. 2:>9-35:1. 
1862. Marcou, Jules 

Liste additionelle des fossiles du tenain Taconique de l'Amerique du Nord. 
Bun. Soc. asalog. de Framee, vol. xix p. 746 Paris. 

1862. Marcou, Jules 
Letter to Mr. Joachim Barrande on the Taconic Rocks of Vermont fLnd Canada, 

Aug. 1862, pp. 1-15, Cambridge, Mass. • 
1863. Bigsby, J. J. 

On the Cambrian and Huronian Formations. Qua". Jaw'. Gro!. Soc., 36-52, Feb. 
1863. 

1864. Marcou, Jules 
Notice sur les gisements des lentilles trilobitiferes taeoniques de Ie POi nte Levis 

au Canada. Bun Soc. yeol. de France, vol. xxi, pp .'236-250 (Paris.) 
1865. Logan, W. E. 

-7 

• 
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On the Geology of Eastern New York [Tour with James Hall.] Canad. NctturaL
ist a.nd Geol. . Republished, Amer. Jour. Sci., II, xxxix, 96-98. 

1869. Perry. J. B. 
A pOint in the Geology of Western Vermont. Amer. Jour. Sci. II, xlvii, 341-349 

[Important] . 
Brainerd and Seely. 

The Marble Border of Western New England. Middleburll Hl.8tOl"ica! Society, 
Vol. i. Pt. II,188;;. 

Julien. A. A. 
On geology at Great Barrington, lIlass. Trans. N. Y. Acad. Sci. 1887. 

187H. Dana. James D. 
On the Quartzite. Limestone and assoeiated Rocks of the Vicinity of Great Bar

rington. Berkshire county, Mass. . Amer. Jour. Sci., III, iv. pp. 362-377; 
450-453; v. pp. 47-53; 84-91; vi, pp. 257-278. 

1877. Dana, Jalnes D. 
An Account of the Discoveries in Vermont Geology of the Rev. Augustus Wing. 

Amer. Jour. Sci. Ill. xii. pp. 332-347; 405-419; xiv. pp. 36-7. 
1877. Dana. James D. 

On the Relations of the Geology of Vermont to that of Berkshire. A1ner. Jour. 
Sci. Ill.. xiv, pp. 37-48; 132-140; 202-20'1; 257-264. 

1878. Prime. Fredericl{, Jr. 
On the Discovery of Lower Silurian Fossils in Limestone associated with Hydro

mica Slates, and on other Points in the Geology of Lehigh and Northampton 
counties. Penn. . Amer. Jow·. Sci. Ill, xv, 261-269. 

1879. Dale, T. Nelson, Jr. 
On the Age of the Clay-slate and Grits of Poughkeepsie. Amer. Jour. Sci. Ill, 

xvii. 57-59. 
1879. Dana, ,J. D. 

On the Hudson River Age of the Taconic Schists. and on the dependent Rela
tions of the Dutchess county and Western Conn. Limestone Belts. Amer. 

Jow·. Sci. III, xvii, 375-388; xviii, 61-64. 
1879. Dwight, W. B. 

On some Recent Explorations in the Wappinger Valley Limestone of Dutchess 
county, N. Y., Amer. Jour. Sci. III, xvii, 389-393. 

1879. Whitfield, R. P. 
Discovery of Specimens of Mac!urea -magna of the Chazy, in the Barnegat Lime

stone near Newburgh, N. Y., Amer. Jour. Sc·i. III, xviii,227. 
• 1880. Lesley, J. P. 

A Hudson River Fossil Plant in the Roofing Slate that Is associated withchlor
ite Slate and Metamorphic Limestone, in Maryland, adjoining York and 

Lancaster counties, Pa., Pmc. ArneI'. Phil080ph. Soc., xviii, 365; Amer. 
Jom·. Sci. III, xix, 71-2. 

1880. Ford, S. W. 
Note on the Trilobite, Atops tMlineatus of Emmons [Holding it distinct]. Amer. 

Jour. SCi., III, xix, 152-11. 
1880. Dana, J. D. 

List of Papers on the TaconiC System [as at first defined by Emmons] [with 
statements of points]. A-me'r. Jour. Sci., III, xix, 153-154. 

1880. Ford, S. W. 
On the Western Limits of the Taconic System. Amer. Jour. Sci .. , III. xix, 225-226. 

1881. Winchell, N. H. 
The Potsdam Sandstone. [Discusses Taeonic]. Viiith Ann. Rep. Minn. pp.l23-

136. 
1881. Dana, J. D. 

Geological Relation of the Limestone Belts of Westchester County, N. Y., ArneI'. 
Jour. Sci., III, xxii. 313-315-327-335. 

1881. Marcou, J. 
Taconic Rocks of the Border of Lake Champlain. Bull. Soc. fJ~o!. France, Nov., 

1880. Noticed Amer. Jour. Sci., III, xxii, 321-2. 
1882. Dana, J, D. 

Geological Age of the Taconic System. Quar. JOltr. GeoL Soc. Land., xxxviii,397, 
Abstract Amer. Jour. Sci., III, xxiv, 291-3. 

1883. Hunt. T. S. 
The Taconic Question in Geology. Trans. Roy. Soc. Canada·, Vol. I, Sec. 4. 

[Dana says "Deficient and one-sided."] 
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1883. Selwyn. A. R. C. 
Notes on the Geology of t11e SouthefLstern Portiou of the Province of Quebec. 

Can. R&p. for 1880-1-2, A. pp. 6-7. 
1883. Walcott, C. D. 

The Oambrian System in the United States and Oanada, BtaL Philosoph. Soc., 
Washington. vol. vi, pp. 98-102. 

1884. Walcott. O. D. 
On the Oambrian Fauna of North Amerioa. Bull. U. S. Geo!. Stu·v., No. 10, pp. 

55 and nine pia'" es. 
1884. Winohell, N. II. 

[Inoidental discussion of Taconic in] The Orystalllue Rocks of the NOl·thwest. 
Proc.. Amcl'. .1.8s00., 1884, P p. 363-379. 

1884. Ford. S. W. 
On the Age of the Glazed and Oontorted Slat.y Rocks in the vioinity of Schodack 

Landing. Amer. JOltr. Sci., III. xxviii, 206-208. Erratum, p. 242. 
1884. Daua, J. D. 

On the Southward Euding of a Great Synclinal in the Taconic Range. (Read 
before the British Association). Amer. J()ur. Sci. III, xxvili, 268-275. 

1884. Hall, James. 
On the Hudson River Age of the Taconic Slates. [Notice of by Dana]. Amer. 

Jour. Set., III, xxviii. 811-312. 
1885. Marcou, Jules. 

The "Taconic system." and it.s Position in Stratigraphic Geology. Proc .• 4-mer. 
Acad. of Arts and Sciences, Vol. xii, 174-256. [With bibliographical statements 

and letters from Emmons and Barrande.] 
1885-7. Dana, J. D. 

On Taconic Rocks and Stratigraphy. with a Geological map of the Taconic 
region. Amer. Jaw'. Sci. III, xxix, 205-222; 437-4!3; xxxiii, 270-276; 39a-412. 

1886. Dana, J. D. 
On Lower Silurian Fossils from a Limestone of the original Taconic of Emmons. 

[Amer. Assoc., 1885], Amer. Jour. Sci. III, xxxi,241-248. 
1886. Ford. S. W. and W. B. Dwight. 

Preliminary report upon Fossils obtained in 1885, from metamorphic limestones. 
of the Taconic series of Emmons, at Oanaan, N. Y., Amer. Jour. Sci. III, 

xxxi, 248-255, with plate vii. 
1886. Dana, J. D. 

The History of Taconic investigation previous to the work of Professor Emmons, 
(Address, Berkshire Historical Soc., Feb. 1885.) Amer. Jour. Sci. III, xxxi 

399-401. 
1886. Walcott, O. D. 

Classification of the Oambrian system of North America (Read before National 
Academy of Science, Washington. Apr. 23, 1886) Amer. Jour. S&i. III, xxxii, 

138-157. 
1886. Walcott, O. D. 

Second Oontribution to the Oambrian Faunas of North America,369 pp.8vo. 
with 38 plates. BuZI. No. 30. U. S. Geo!. Surv. 

1886. Hunt, T. S. 
Mineral Physiology and Physiography [Taconian (Taconic) considered exten

sively in many parts of the work. See Index.] 
1887. Winchell, N. H. 

Notes on Classification and Nomenclature for the American Oommittee of the 
International Geological Congress. American Natural.ist, March, 188 7, P 

693-700. 
1887. Hunt, T. S. 

The Taconic Question Restated. Amer. NaturaUst. xxi, 114-125; 238-250; 312-320. 
1887. Dwight, W. B. 

Palreontological Observations on the Taconic Limestone of Oanaan, Oolum
bia county, N. Y. (Amer. Assoc. Aug., 1886,) Amer. Natura!'ist, 1887, p. 270. 

1887. Walcott, O. D. 
Geologic Age of the Lowest Formations of Emmons' TaconicSystelll. Read be

fore Philosophical Soc. Washington, Jan. 15, 1887. Abstract, Amer. Jour. 
SCi., III, xxxiii, 153-4. 

1887. Dana,J. D. 
The Views of Professor Emmons on the Taconic Question. Amer. Jour. Sci .. 

III, xxxiii, 412-419. 
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1887. Walcott, C. D. 
Fauna of the "Upper Taconic" of Emmons, in Washington county, N. Y., Arner. 

Jour. Sci., Ill, xxxiv, 187-199. 
1887. Irving, H. D. 

Is there a Huronian Group? Amej·. Jour. Sci .. III, xxxiv, 204-216; 246-263; 365-
374. 

1888. Bonney, T. G. 
Notes on the part of the Huronian Series, in the neighborhood of Sudbury 

Oanada. Qual'. Jour. Geo!. Soc. London, Feb. 1888, pp. 32-35. 
1888. Marcou,.J ules. 

American Geological Classification and Nomenclature. pp, 75 Ca,mbridge. 
1888. Marcou. Jules. 

On some Dates of the "Report on the Geology of Vermont." Proc. Boston Soc. 
Nat. Hist., vol. xxiii, 83-89. 

1888, Hitchcock, C. H. 
Date of t,he Publication of the Report upon the Geology of Vermont. Proc. 

BostonSoc. Nat .. Hist., xxiv, 32-37. 
18B8. Winchell. N. H. 

Some Objections to the Term Taconic Considered. Amer. Geoloaist, i, 162-172, 
March. 

1888. Winchell, N. H. 
Note in Reply to Walcott. Amer. Geologist, i, 220-224. 

1888. Miller, S. A. 
The Taconic System as established by Emmons, and the Lawsof Nomenclature 

applicable to the Subject. Amer. Geo/·. i, 235-245. 
1888. Winchell, Alexander. 

The Taconic Question. Amer. Geoloaist, i, 347-363, June. 
1888. Marcou, Jules. 

Palmontologic and Stratigraphic "Principles" of the Adversaries of the Tacon
ic. Amer Ge~logi8t, ii,10-23; 67-88, July and Aug. 

1888. Selwyn, A. R. O. 
Huronian, Taconic and Que.1Jec. Amer. Geologist, ii, 61-62, 135. 

1888. Winchell, N. H. 
[Use of the term Taconic, in Report to International Committee] Amer. Geolo

gist, ii, 208-211. 
1888. Walcott, C. D. 

On the Taconic System of Emmons [Compiled as an expression of opinion] Amer. 
Geologist, ii, 215-219, with Note by N. H. Winchell,220-224. 

1888. Vogdes,A.W. 
Some Forgotten Taconic Literature. Amer. Geologist, ii, 352-355. 

1888. Walcott, Charles D. 
The Taconic System of Emmons, and the Name Taconic in Geologic Nomencla

ture. Arner Jour. Sci. III, xxxv, 220-242; 307-327; 394-401. 
1888. Dana, James D. 

A brief History of Taconic Ideas. Arne1'. Jour. Sci. III, xxxvi, 410-427. 
1889. Iliarcou, Jules. 

Canadian Geological Classification for the Province of Quebec. Proc. Boston 
Suc. Nat. Hist., xxxiv, M-83. 

1889. Marcou, JUles. 
Barrande and the Taconic System. Amer. Geologist, iii, 118-137. 

1889. Marcou, Jules. 
The 'I'aconic in the Salt Range of the Punjab (India). Amer. Geologtst, iv, 60-62. 

1889. Howley, James P. 
The Taconic of Eastern New Foundland. Amer. Geologist, iv, 121-125. 

1889. Walcott, C. D. 
Stratigraphical position of the Olenellus Fauna in North America and Europe. 

A·mer. Jour. Sci., III, xxxvii, 374-392; xxxviii, 29-42. 
1889. Dwight, W. B. 

Recent Explorations in the Wappinger Valley Limestone, No.7. In the Mil
lerton-Fishkill Limestone Belt; also in a Belt near Rhinebeck. Arner. Jour. 

Sci., III, xxxviii, 139-153. 
1890. Dwight, W. B. 

Fossils of the western Taconic Limestone, in the eastern part of Dutchess 
county, N. Y. (Announcement.) Amer. Jour. Sci., III, xxxix, 71. 
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DOUGLASS HOUGHTON. 

1831. Dr. Houghton's earliest record in respect to the rocks of 
Michigan is found in his report to the Secretary of War 
as Bots.nist of Schoolcraft's Expedition.* Speaking of the copper 
of lake Superior, he says: "After having daly cOLsidered the 
facts which are here presented, I would not hesitate to offer as an 
opinion that the trap rock formation WRS the original source of the 
masses of COppell' which have been observed in the country border
ing on Lake Superior; and that at the present day, examinations 
for the ores of copper could not be made in that country with 
hopes of success, except in the trap rock itself; which rock is not 
certainly known to exist in any place upon lake Superior other than 
Kewena point." This opinion on the source of the native copper 
he had subsequently abundant opportunity to confirm, though op
posed by much scientific incredulity. 

1840. In his Third Annual Report on the geology of Michigan, 
dated February 3, 1840, summarizing observations of 1839, Dr· 
Houghton treats of the "Upper Peninsula." Under the head of 
"General Geology of the South and Southeasterly Part of the Up
per Peninsula," t after describing the distribution of the" Primary 
rocks" in Michigan, he says: "The immense Primary region of 
which the line described may be considered as it were, a single 
point, stretches nearly continuously, many hundred miles north
westerly, skirting a portion of the shores of lake Superior, and in 
conjunction with the trap rocks, constituting the highlands between 
that lake and lake of the Woods. From these highlands it stretches 
a little east of lake Winnipeg, far to the northwest, finally consti
tuting the immense" barren grounds" of the British Possessions. 
It is also well known that this range of primary rocks stretches in 
an easterly direction through the iuterior of the upper proviuce of 
Canada" (p. 11). 

This is the earliest general location of the eastern nucleus of the 
continent. 

1890. Marcou. J. 
The Lower and Middle Taconic of Europe.and North America. Ame/,. GeuLo

gist, v, 357-:;75; vi, 78-10:?,222-2:;3. 
1800. Winchell, N. H. and H. V. Winchell. 

The Taconic Ores of Minnesota and West81'n New England. Read before the 
Geological Society of America, Aug. 19. Amer. Geo!. Nov. 1800. 

1890. Winchell, N. H. 
What Oonstitutes the Tacomc Mountains? Read be.fore Sec. E, Amer. Assoc. 

Adv. SeL, Au!,;. 22, 1890 Amer. Geot., vi, 247. 

'Nov. 14, 1831. Also Henry R. Schoolcraft, Discovery oj the Sow'ce oJ the l1fis8iBSippi 
New York, 1834, pp. 287-292. 

t Senate Document No.8, 1840, p. 10. 
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Some further but disconnected quotations will be introduced. 
" On the mainland at these' narrows' [the place where the cur

rent of Ste. Marie's river meets the slack-water of lake Huron J 
and extending for several miles, the knobs are composed of com
pact greenstone, occasionally partaking of a Bub-slaty character, 
and under which circumstances, the rock bears a close analogy to 
some of the varieties of primary argillite." 

" On the northern part of the island of Rt. Joseph, a fraction of 
the southflastern part of Sugar island, and a portion of the 
main land on the ea~t, the place of the hornblende rock is supplied 
by granular quartz rock, usually white, but sometimes passing to a 
reddish or deep red color." 

"In the range of hills bounding the easterly side of Great L'lke 
George, talcose slate was observed, but to what extent it exists I am 
unable to say" (p. 13).* 

It appears that Dr. Houghton's conception of "Primary rocks" 
was rather broad. The granular quartz rock mentioned is now 
known to be a westward extension of the" Huronian" quartzites 
of the Thessalon valley in Canada. The" talcose slate" on the 
other hand, probably belongs to the Marquette iron-bearing series 
which by the present writer has been suggested to be an older sys
tem than the Huronian. It is worthy of note alw, that Dr. Hough
ton reports the" Lake Superior sandstone" as resting" against and 
upon the Primary range of the Ste. Marie's river." That is, at one 
point the" talcose slates" (Marquette series) rest in contact with 
the gneisses; at another, the overlying quartzyte (Huronian) ex
tends over to the gneiss; and at another, the still higher sandstone 
(Paheozoic) reaches over to the gneiss. Thus, it is unsafe to con
clude that the formation resting on the gneiss at any particular 
spot is the one historically next in order of age. 

1841. In his report for the following year, t he continues his 
description of the Northern Peninsula. His conception of Primary 
rocks appears more restricted. for he says they "are chiefly granite, 
syenite and syenite granites." (p. 15.) After describing the vast 
development of "Trap Rocks," he recognizes a group designated 
"Metamorphic Rocks." "Flanking the Primary rocks on the south," 
he says, "is a series of stratified rocks consisting of talcose, mica 

* In view of the recent extensive employment of "field stones" in some parts of the 
state, in the walls of substantial structures, the following quotation from this report 
possesses interest: .. In the immediate vicinity of the surveyed line of the Ste. 
l\iarie's canal. transported Inasses of granite, hornblende, sienite and quartz rocks 
abound, and they may he economically employed for the construction of the proposed 
locks, and will make an enduring structure." (p. 15). 

'~Sen"te Document No. 16, 1841. 
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and clay slates, slaty hornblende rock and q uftrtz rock; the latter 
rock constituting by far the largest pr,)portion ofthe whole group." 
These represent the group of rocks in the Menominee region, which 
Dr. Emmons so eagerly accepted as representativea of the Taconic 
system in Michigan. 

The following is an interesting early notice of the mode of oc
currence of serpentine. "In traveraing the country southeasterly 
from Little Presqu' ile, the point referred to as the most south
easterly prolongation of the granite, this last rock p9.saes almost in
sensibly into a serpentine roc;, * which has a regular jointed 
structure, sometimes approaching to stratification; continuing in 
the same direction, we find a series of hornblende slates, talcose, 
mica and clay slates, resting against the serpentine rocks; and still 
farther to the southeast, the rock becomes almost uniformly quartz. 
The rocks of this group dip irregularly to the south and southeast, 
while the cleavage of the slate is very uniformly to the north," 
(p. 17.) 

A gradual passage from granite to "greenstone" is noted as 
follows: "As we proceed northwesterly from the southeast bound
ary of the Primary, over the several broken ranges of hills, we 
find the character of the rocks ill mass almost imperceptibly 
changing. The quartz as a mineral gradually forms a less import
ant part, and it finally almost wholly disappears, leaving a binary 
compound of feldspar anoj hornblende, which then assumes a 
granular strncturA, constituting greenstone. 'fhe intermediate rock 
between the syenite and greenstone ranges may not inappropriate
ly be called a syenitic greenstone," (p. 23.) 

The granitic rocks are intersected by dikes which can be traced 
continuously and with increasing abundance, into the greenstone 
masses, showing the granitic ranges to be the oldest (p. 24). 

In reference to amygdaloids he says: "I am disposed to refer 
the origin of much of the amygdaloid rock to the fusion of the lower 
portion of the sedimentary rocks referred to, for the reason 
that as we pass south from the junction [receding from the sedi
mentary rocks] the amygdaloid rocks wholly disappear, their places 
being supplied by greenstone; and again, so intimately are they 
blended that it is f1'f'lquently impossible to determine where the 
amygdaloid ceases and the upper sedimentary roch commence. 
Fragments of the sedimentary rocks, the characters of which can be 
clearly recognized, are not of rare OCCllrrence, imbedded 
in the amygdaloid rock, a circumstance which, although by no 

*The curious history of opinion concerning this rallch diseussecl rock is conlpilecl by 
Dr. Wadsworth in Bun. MUB. Oomp. Zoo/., Geol. Series, T. pp. 60-65. 



90 EIGHTEENTH ANNUAL REPORT 

means conclusive, should not be overlooked in considering the sub
ject" (pp. 27 and 2~). 

Of the conglomerate rock he says: "It may without doubt be 
considered 8S a trap tuff, which was gradually deposited or accu
mulated around the several conical knobs of trap during their 
gradual elevation" (p. 33). It is very variable in thickness. There 
is "scarcely a pebble of any other rock than trap." They are ce
mented by "a mixed calcareous and argillaceous cement more or 
less colored by iron, and exceedingly firm. The conglomerate is 
"imperfectly stratified in masses of immense thickness," in its 
maximum a little east of Montreal river, estimated at 5,260 feet, 
(pp. 34:, 35). 

The formation described as "mixed conglomerate and sandrock" 
"is made up of an alternating series of conglomerate and red sand
stones which rest conformably on the conglomerate rock last de
scribed" and "in strictness should probably oe considered as a 
member of the conglomerate itself" (p. 18). Its greatest observed 
thickuess is 4,200 feet. The conglomerate beds resemble in all 
respects the underlying conglomerate, and the intervening sand
stone beds are composed of the same materials, but are sometimes 
ripple marked, ani were thus evidently deposited inshallow water. 

These sandstone beds are very distinct in composition from the 
"red" and "grey" sandstones higher in the series" (pp. 19, 37).* 

It will serve to convey an idea of the extent of Dr. Houghton's 
researches in the Upper Peninsula to state that the Exec., Doc., 
1849-50, Part III, contains (p. 880), the following among Hough-

*The "red sandrock" assoeiated with "slHiles" is D1uch fnore quartzose than the beds 
lntercaJatefl with the CO'll,glolneI'Hte. It attains a maxituum thickness of 6,500 feet. 
"On the southeast side of !{e\veenaw hay, neal' its lwad, an argillaceous rock appears" 
"evidently ernbl'fteec1 ill, or rather rnay be said to constitute a 1118m11e1' of, the sand
stone series." It is sometinws. "in the form of a slate." though usually it "elosely re
sembles inchll'ated clar." It Can be cut with the knife. and the Indians have long 
used it as a, piPl'stOllU. A shnilar )'oe1\: appears at sevel'al other points in "the interior. 
These slates are shuwn by his notes of 1845. to pass under the sandstone.] 'Ihe "Up

per, or Grey Sandroek" is no part of the Lake Superior sandstone. While the latter 
dips northeasterly. this dips southeasterly. and is conformable with the overlying 
linlCstones. The "Grey Sa.ndrock" forms a range of hills extending westward fronl Pt. 
Iroquois to the Pictured Rocks. whel'e tlley abut upon the shore of the lake. It is 
Dr. Houghton's opinion. therefore, that the Pictured Rocks are a higher formation 
than the Red Sandston€', generally conteruplate.c1 as the "Lake Superior Sandstonelt 

(19,42.) The Lake Superior sandstone Dr. HOli,ghton was at first inclined to parallelize 
with the "Old Red Sandstone" (Report. 18;)8); but, in a paper read before the Associa
tion of AraeriC'an Geolog-ists in 18iil. he assumed it as identical with the "New Hed 
Sandstune" (Amer. JOlt/,. Sci., xlv. 160.) Later he synchronized it with the Potsdam 
sandstone of New York, and this view was embodied in his notes of 1845 (The ~Iineral 
Region of Lrf./re Superiur, 1846, by Jacob Houghton.) The statement is contained in a 
report by Bela. Hubbard-pa.ge 118-compiled from Dr. Huughton's notes;) Also, Ex
ecutil'e Doc.~ .. 18-+!)-;',O. pt. III. p. 8:30. The same was noted on the pl:J.ts of 1845. See also 
the testimony of Foster a.nd Whitney, Report (Ill tlw GeolOflY of the Lalre Sup. Land Dist., 
Pt. II, p. US, and P/'II". Amer. Assoc. Adv. Sci. May. 1851, p. 2:). 
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ton's results: 1. "A Geological Map of the Townships of the 
Northern Peninsula of Michigan subdivided by D. Houghton, D. 
S. in the year 1845." (This covers Keweenaw Point.) 2. "Geolo
gical Map of Township Lines in the Northern Peninsula of Mich
igan, surveyed by W m. A. Burt, D. S. in the year 1845, for D. Hough
ton, under said Houghton's contract for surveys with reference to 
Mines and Minerals" (The region on Little Bay de Noquet and 
along the Escanaba river and to lake Superior.) 3. "Geological 
Map of a District of 'rownship Lines in the Northern Peninsula of 
Michigan, surveyed by Wm. A. Burt in the year 184:6." (Region 
between the Escanaba and Menominee rivers.) Also (p. 896.) 1. 
"Geological Map of a District east and west of the Ontonagon, 
subdivided by Messrs. Higgins and Hubbard under a Contract 
bearing date April 23, 1846" (From Portage lake to Carp river.) 
2. "Geological Map of the District subdivided by Messrs. Hub
bard and Ives, under Contract bearing date September 7, 1846." 
(The Region from Presqu'ile to L' Anse.) These six maps were 
produced under the system of com hi ned linear and geological sur
veys inaugurated by Dr. Houghton. Thus nearly the whole of 
the Upper Peninsula had been geologically mapped before the 
signing of the contract with Foster and Whitney, and without in
cluding the results of Dr. Jackson's survey. Mr. Hubbard gives 
also, five handsomely drawn sections from laka Superior, across 
the country southward, besides five lithographed views. 

The following is Dr. Houghton's latest view of the succession of 
rocks in the Upper Peninsula of Michigan: 

6. Upper or Gray Sandstone (Houghton, 1841, pp. 19,41) not 
conformable with next below. 

5-. Lower or Red Sandstone and Shales (Houghton, 184:1, pp. 
18, 37). Identified with Potsdam Sandstone. 

4. Mixed Conglomerate and sandstone (Houghton, 1841, pp. 
18,35). 

3. Conglomerate (Houghton, 184:1, pp. 17, 33). 
r 2. Metamorphic rocks (Houghton, 1841, pp. 16, 31). Quartzite, 
Argillite, Talcose and Clay slates, Mica slate. 

1. Primary rocks (Houghton, 1841, pp. 15,23). Granite, Gneiss, 
Syenite and Syenitic Granite. 

Numbers 6 and 5 are probably both representatives of the New 
York Potsdam. Numbers 4 and 3 are the Keweenawan System of 
Chamberlin and Irving, and number 2 occupies the place of the 
Taconic system of Emmons. 
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EDWARD HITCHCOCK. 

1833. In his Final Report on the Geology of Massachusetts,* 
Professor Edward Hitchcock enumerates, amongothers,the follow
ing rocks or groups of rocks mineralogically considered: Gray
wacke, Argillaceous slate, Limestone, Scapolite rock, Quartz rock, 
Mica slate, Talcose slate, Serpentine, Hornblende slate, Gneiss
all which are stratified; Greenstone, Porphyry, Syenite and Gran
ite - which are unstratified. Of the Berkshire limestone, he 
thinks a part is "primiti.ve, in the W ernerian acceptation of the 
term, for it is inter stratified with gneiss and mica slate" (p. 297). 
But the mica slate in its westward extension becomes clay slate, 
and the limestone less crystalline. Passing into New York, the 
limestone assumes the character of Dewey's" transition limestone." 

"But a singular anomaly in the superposition of the series of 
rocks above described presents a great difficulty in the case. The 
strata of these rocks almost uniformly dip to the east; that is, the 
newer rocks seem to crop out beneath the older ones, so that the sac
charine limestone associated with the gneiss in the eastern part of 
the range seems to occupy the uppermost place in the series. Now, 
as superposition is of more value in determining the relative ages 
of rocks than mineral characters, must we not conclude that the 
rocks as we go westerly from Hoosac mountain, do in fact, belong 
to older groups? The petrifactions which some of them contain, 
and their decidedly fragmentary [fragmental] character will not 
allow such a supposition to be indulged in for a moment. It is 
impossible for a geologist to mistake the evidence which he sees at 
almost every step, that he is passing from older formations, just as 
soon as he begins to cross the valley of Berkshire towards the 
west. Weare driven then, to the alternative of supposing eitner 
that there must be a deception in the apparent outcrop of the newer 
rocks from beneath the older, or that the whole series of strata has 
been actually thrown over, so as to bring the newest rocks at the 
bottom. The latter supposition is so improbable that I cannot at 
present admit it" (pp. 297-298). He then supposes two uncon
formities to have been produced - one at the west base of Hoosac 
mountain between the gneiss and the quartz rock, and the other 
farther west, in the valley of Berkshire. He names some difficul
ties involved ill the acceptance of such an explanation, but feels 
compelled to adopt it provisionally. Moreover, he says, "I am 
sustained in this opi.nion by that of Dr. Emmons of Williams Col
lege, whose acuteness of observation and accuracy of discrimina-
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tion in the various departments of natural history are well known" 
(p.300. 

Professor Hitchcock frequently touches on questions of meta
morphism. In his "Theoretical Considerations" on mica slate, 
after explaining the strict "\Vernerian view of the aqueous orig,in 
of all the primary rocks, and pointing out the improbability that 
so many different substances should crystallize out simultaneously 
from the same solution, he says: 

"I am inclined therefore, to the theory which supposes that they 
were originally mechanically deposited from water, like the exist
ing secondary and tertiary rocks, and that they have subsequently 
been subjected to such a degree of heat as enabled their materials 
to enter into a crystalline arrangement, without destroying their 
structure" (p. :350). 

In reference to serpentine, professor Hitchcock advances some 
suggestions which were singularly in advance of his time. He 
speaks of prevailing divergences of opinion as to its nature and 
origin, and dflcides to describe it in connection with stratified 
rocks, though he finds it occurring unstratifi9d as well aB stratified. 
He mentions the various circumstances of its occurrence and adds: 

"In all cases (except perhaps that at Newport) our serpentines 
arEl associated with talc, either pure and foliated, or as steatite, or 
chlorite slate, or talc and quartz. The two minerals (talc and ser
pentine) are intimately blended together, and pass into one anoth
er by insensible gradations, and in all the cases described by the 
writers above referred to, talc was present. Is it not natural then, 
to sl1spect that serpentine is talc, or talc serpentine, altered by 
heat? And since the talc is schistose, and the serpentine 
massive, the latter must have been produced from the former. 
It may be found that serpentine has been produced from various 
rocks which contained the necessary ingredients. But that heat 
has been employed in its production, cannot, it seems to mEl, be 
reasonably doubted" (pp. 372, 373). 

In some "theoretical considerations" concerning gneiss, he says: 
"Since gneiss is composed of the same simple minerals as gran

ite, it is natural to infer that both must have had a similar origin. 
And especially are we led to such a conclusion, when we see in 
granitic gneiss a gradual passage from the one rock to the other. 
That granite has resulted from heat instead of aqueous deposition 
seems to me to be so well established that the opinion that imputes 
to it such an origin ought no longer to be regarded as hypothesis, 
but as legitimate theory. At present I shall assume that 
theory to be the correct one which supposes granite to have result-
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ed from the melting down of other rocks; the fused mass having 
cooled so slowly as to present a confused crystallization. It is at 
least, a probable supposition, that the rock out of which it was 
produced was of machanical origin, and consequently stratified. 
Now, if the central heat was not sufficient entirely to melt this 
stratified rot:k, yet it would be powerfully affected a considerable 
distance upward from the molten mass. The first in immediate 
contact with the melted portion would be partially fused, and hence 
give origin to granitic gneiss. Another portion might be convert
ed into porphyritic gneiss; another, into lamellar; another 
into schistose, etc. All the rock, we may suppose so near 
the .tluid granite, and so long in contact with it, before cooling, 
that crystalline would succeed to a mechanical arrangement of all 
its ingredients, without losing thE' stratified disposition (p. 400). 

In discussing the history of granite, professor Hitchcock states 
that he infers its igneous origin "from the inclined position of the 
older stratified rocks; from the manDer in which it is intruded 
among the stratified rocks; from the mechanical effects which it 
appears to have exerted upon the stratified rocks in its immediate 
vicinity; from its chemical effects upon the surrounding strata, and 
from its crystalline structure, and thcl numerous crystallizations of 
other substances that have taken place in it" (pp. 509-515). 

1840-1. The inversion of the strata of the Appalachian system 
is referred to again in his Elementary Geology.* Speaking of 
overturned strata in the Alps, he says: 

"I have no small reason to believe that a similar folding and 
overturning of the strata 'have taken place on a vast seale in the 
United States. Along the western part of the Green and Hoosac 
mountains in New England, occur interstratifieu beds of gneiss, 
mica slate, talcose slate, clay slate, limestone and older Silurian 
rocks which are either perpendicular or have a high easterly dip; and 
yet the oldest members of the series are found along the eastern side 
of this belt,and the strata become newer and newer as we go westerly; 
that is, the oldest rocks lie appar~ntly over the newer ones. These 
appearances present themselves nearly the whole distance from Con
necticutriver to Hudson river-a breadth of nearly fifty miles." He 
then describes the folding, overturn and denudation which would re
sultin the present structure and surface aspects. "It appears further, 
from the Geological Reports of Professors Mather on New York, 
Henry D. Rogers on New Jersey and Pennsylvania, William B. 
Rogers on Virginia, and Troost on Tennessee, that these same 

*Elementarl} Geology. The Preface 1;0 the first edition is dated August 1, 18!O; that of 
the third edition, April, 1842. I quote from the third, 12mo., pp. xii 352. 
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rocks with similar inversion of their dip. occur in all those states, 
forming a considerable part of the Appalachian mountains; and 
that in fact, they extend almost uninterruptedly from Canada to 
Alabama-a distance of nearly 1200 miles; and if the above theory 
of the folding and inversion of this belt of rocks be correct in the 
latitude of Massachusetts, it is without doubt, true over this vast 
extent of country."* 
• The sul::-ject of inverted arrangement of the Appalachian strata 
was under careful consideration at this time, by the brothers 
Rogers, as well as by Dr. Hitchcock. The earliest enunciation of 
the conception of an inverted fold had been made by Dr. Hitch
cock in 1833. His conception however, was not identical with that 
of the brothers Rogers. He spoke only of a single anticlinal, while 
the Rogers brothers saw a succession of anticlinals all tilted west
ward across the main mass of the Appalachians. In an address 
delivered in 1841, he said:t 

" There is no small reason to believe, indeed, that on the western 
side of the continent, from Oape Horn, to the northern Arctic 
Ocean, one vast anticlinal axis e:x;isis, along the crest of the 
Andes and the Rocky mountains. Subordinate and perhaps inter
secting systems of strata will undoubtedly be found along the ex
tended line, but this appears to be the grand controlling, and 
probably the most recent, uplift of the continent. The 
Appalachian range of mountain8 forms another anticlinal ridge, 
extending northeasterly through New England, and not improba
bly to Labrador" (pp. 264-265). 

In the Elementary Geology before quoted, Dr. Hitchcock ampli
fies his defense of the metamorphic theory then recently intro
duced into geology by Alexander Brongniart. The main points 
stated are briefly these: l. It shows why, amid so much evidence 
of chemical agency in the formation of the primary rocks, there 
is still so much proof of the operation of mechanical agencies. 2. 
It shows why silicates predominated in the earlier periods of the 
globe, and why limestone and carbon were more abundant at the 
later periods. 3. It explains the absence of organic remains in 
the primary stratified rocks. 4. It explains, too, the reason why 
carbon is much less abundant in the older than in the newer rocks. 
5. It explains the imperceptible graduation of gneiss into 
granite" (pp. 259-61). 

*Elementary Geology, pp. 36, 37. The subject is also taken up in his Anniversary Ad
dress (cited below,) p. 268. 

t First Anniversary Address Before the Association of American Geologists at their 
Second Annual Meeting in Philadelphia, April 5,1841. Amer. Jour. SC'i., vol. xli, pp. 
232-275. 
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In the Anniversary Address from which I have quoted, Dr. 
Hitchcock considers briefly the origin of dolomytes : 

"As to that portion of this field [()f dolomite and dolomitic 
limestones] which has fallen under my observation, I find that with 
oue or two unimportant excaptions, all the cases of dolomitized 
limestone occur either in the vicinity of a fault or of unstratified 
rocks, or of the oldest gneiss. The pure dolomite is usually found 
where there is reason to believe extensive dislocations of the str~a 
occur; and the marks of stratification in the limestone disappear 
nearly in proportion to the amount of magnesia which it contains, 
so that the pure dolomite shows scarcely.any traces of it. I doubt 
not that similar conclusions will follow an examination of other 
parts of this deposit, so remarkably uniform in the geology of this 
continent; - and moreover, these conclusions correspond to the 
history of dolomitization in Europe. They seem to render prob a
ble the theory of snblimation from the interior of the earth.""" 

1859. In the Final Report of the Geology of Vermont,t Dr. 
Hitchcock, who assumed the responsibility, as he tells us, though 
most of the field work was done by others, takes up early in the re
port, the subject of "The Metamorphism of Rocks" (p. 22). In the 
following language he sets forth his general conception of the 
modus operandi of hypogeal metamorphism. 

"If the globe was once in a molten state, the crust which first 
formed over its surface must have been some kind of unstratified 
rock. When it became coal enough to aliow water to condense on 
the surface and form oceans, the waves would wear away portions 
of the rock, and deposit the fragments in the form of gravel, sand 
and clays. These by the action of internal heat might be hard
ened, and become conglomerates, sandstones and shale3. If new 
beds of materials should be thrown upon these strata it would cause 
the internal heat to penetrate further upward into the conglomer
ates, sandstones and shales, and, by the help of water, render the 
rocks plastic and convert them from mechanical into crystalline 
rocks, without destroying the planes of stratification, though gen
erally obliterating all traces of organic structures which they might 
have contained, and changing the laminated structure into foliation 
and cleavage. After all this, water may have acted mechanically 
on these strata, wearing them away, and forming other deposits of 
puddingstones, sandstones and shales. Meanwhile also, the inter-

*Amer . .Jour. Sci.. xli. 240. 
1Beport on the Geology of Vermont. DescriJptive, Theoretical,.Economical a;nd ScenographicaL 

By Edward Hitchcock, Edward Hitchcock, .Jr., Albert D. Hager, CharlesH. Hitchcock. 
2vols.4to. Claremont, N. H .. 1861. The preface is written by Dr. E. Hitchcock, and 
dated Oct. 1,1859, and Oct. 2,1860. 
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nal heat working farther upward, as it certainly would by the accu
mulation of new beds of detritus, might melt over the lower beds 
of the strata, converting them into unstratified rock. And thus 
might the same materials have been subject to repeated and most 
thorough metamorphosis" (p. 22). 

The writer then proceeds to an account of the "agents of meta
morphism," heat and water, recalling the well known results of 
experiments and reasoning, and treats with considerable detail the 
evidences of "a former plastic condition of the rocks". He cites 
numerous observations, showing that rocks and rock-con
stituents must have b jen reduced to a plastic or semi-plastic 
condition, subsequent to their original consolidation, and so 
continued for a great length of time", In this connection he cites 
numerous instances of pebbles which have been elongated and 
tlattened-some even at length being "converted into the silicious 
folia of schists, and the cement into mica, talc and feldspar". He 
refers to the pebbles near Newport, Rhode Island; others at inter
vals along the western side of the Green mountains, and especially 
a locality in Plymouth, Vermont, where pebbles occur under such 
forms as to indicate a state of plasticity. In Wallingford the beds 
of conglomerate thus altered alternate with beds of talcose and 
mica schist (pp. 28-38, 476). Home of the facts point toward the 
inference that schists and gneisses even may have originated from 
the extreme flattening and elongation of the pebbles of an original 
conglomerate, though as a fact, pebbles had not at that date been 
found actually occurring in gneiss. Dr. Hitchcock expects that 
such views would "be pronounced preposterous by able geologists*". 
In a syeuitic rock, however, found in Vermont and Massachusetts, 
undoubted pebbles had been observed. Other facts have been 
noted by the writH: See, Conglomerates enclosed in Gneissic 
Terranes, Amer. Geologist, iii. 153-165; 256-261; Sixteenth Ann. 
Rep., Minn. pp. 218-222, 334. He says: 

"We define this rock as a conglomerate with a cement of syenite 
or granite, or as a syenite or granite with pebbles in it, sometimes 
thickly and sometimes sparsely disseminated". . ., "These facts 
certainly give great plausibility to the view which supposes granite 
and syenite to be often the result of the metamorphosis of strati
fied rocks" (pp. 40, 41; ii, 565, 566.*) 

In connection with the discussion of metamorphism the writer 
*Dr. Hitchcock's expectation has found fulfillment in the dissent recorded by Dr. M. 

E. Wadsworth Bull. Mus. Oomp. Zoo~., Geolog. Series, i; B. S. Lyman, Proc. Amer. 
Assoc. Adv. Sci. 1866, p. 83. 

*See W. B. Hagel'S' views in opposition to those of Hitchcook stated in Proc. Bos. Soc. 
Nat. Hist. 1861 and Amer. JOt..-. Sci., II, xxxi, 440-442, May, 1861. 



98 EIGHTEENTH ANNUAL REPORT 

reminds us of an lllference which is too obvious to have fallen into 
such general forgetfulnElss. He says: 

"Metamorphism shows us that the earliest formed rocks on the 
globe may have aU disappeared. None of the first formed crust 
may remain. Or, if any of it is left, it would be impossible to dis
tinguish it from subsequent formations. So that the idea of a 
primary gl anite or any other rock, in the strict sense of the term, 
has no foundation in nature" (p. 47.) 

In close connection with this subject, we cite some passages from 
another chapter, touching the llature of foliation. Speaking of the 
gneissic rocks of Vermont, he says: "In certain districts the 
strata are exceedingly contorted, and the average dip and strike 
are the ones that we recorded. There is not a square mile of this 
rock in the State where there are not more or less of these irregu
larities. In a few instances, the difficulty of ascertaining the true 
position is so great that we have not attempted it." 

After illustrating a striking particular instance of these contor
tions, he concludes: 

"This state of things suggests two important topics: First, Do 
not these contortions prove that the layers that have suffered this 
twisting are th8 strata, and not the bedding of cleavage or folia
tion? For the beds between cleavage planes are rarely contorted. 
The strata may be contorted while the cleavage planes cross them 
with perfect regularity. In fact, the cleavage does not appear to 
have been produced until the strata had been quietly settled into 
their present positions, as a general thing." The second topic re
lates to the effect of contortion on calculation of thickness of ter-
ranes"'. . 

Speaking of the position of the "red sandrock" of northern Ver
mont," regarded by Emmons as belonging to the age of the Pots
dam and Calciferous, Dr. Hitchcock says: 

"Without an exception, it rests upon the Hudson River group. 
The stratigraphical evidence goes to show that the red sandrock 
is of the age of the Medina sandstone or Oneida conglomerate. 
This was the original view of Dr.Emmons, and has since been sus
tained by Professors C. B. Adams, W. B. Rogerst and W. E. 
Logan. It is certainly an objection to this view that the charac
teristic fucoid, Arthr'ophycus Harlani, of the Medina sandstone 

*Geology of Vermont, p. 518. 

fA eomrnunication is cited from W. B. Rogers, which is said to have been prepared 
for the Amcl'- Assoc. at Albany in 1851, but not published, in which this view is argued 
(Geo!. Yt .. p. 326.) This view of Dr. Hitchcock, he states later in his Report, (p. 435) "has 
now been changed." . 



STATE GEOLOGIST. 99 

has never been found in it." (p.340.) Compare A. D. Hager's 
description of "Red Sandrock mountains," (ii, 875.) 

In reference to the "Quartz rock" of the older geologists-thf? 
"Granular quartz," of Emmons, the "Potsdam sandstone" of the 
brothers Rogers, of Hall and later geologists, Dr. Hitchcock pres
ents no facts decisive of the question of its position. As to the 
"Georgia slate"-the "Black slate" apd "Taconic slate" of Emmons 
-the "Hudson River group" of Hall-the "upper part of the Hud
son River group, or a distinct group above the Hudson River 
group" on the authority of Sir William Logan-a "primordial" 
terrane, as determined by Barrande-Dr. Hitchcock has no de
cisive facts to offer. He recites the principal data touching the 
lithological and stratigraphic characters of the group, and ac
quiesces in the verdict then recently rendered by Hall and Logan 
in reference to the geologic age, expressly disagreeing with 
Emmons in regard to any unconformity between the "Georgia 
slates" and the "red sandrock." 

The "Stockbridge limestone" of EmmonR, Adams and Thompson 
is christened "Eolian limestone" (from Mt. Eolus, or Dorset 
mountain). This is the "Granular limestone" of Dewey, and "met
amorphic Trenton limestone" of Rogers, Logan and Hunt. The 
"Svarry limestone" of Emmons is included in it. As to their geo
logical position, Dr. Hitchcock says: "We incline to the opinion 
that they must probably be placed as high as that [the Corniferous] 
formation, or as low as the Lower Silurian, to which last position 
Mr. T. S. Hunt assigns them. Either position abounds with diffi
culties, and we are .hardly prepared to choose between them," (p. 
421). He has changed his view in reference to dolomitization. He 
says: 

"The old notions that it has been done by igneous fusion, or by 
the sublimation of carbonate of magnesia do not all satisfy the 
facts as we now understand them," (p. 424). He then quotes from 
Bischof to the effect that dolomytes can only be regarded as a pro
duct of the alteration of limestone in the wet way (p. 424). 

The "Magnesian slate" of Dr. Emmons, and of Adams and 
Thompson, is described by Dr. Hitchcock under "Talcoid schists," 
because analysis shows that they are essentially aluminous (p.425). 
He regards them as probably newer than the Eolian limestone (p. 
433). 

The theory of the metamorphic origin of granites gains strength 
in the mind of the author, and he returns to it with new thoughts 
and new supports. He points out the improbable assumptio;s ot 

-8 
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the theory of molten granitic protrusions, save in an exceptional 
way, (ii. pp. 572, 573), and enforces the arguments for aqueo.igne
ous fusion of pre-existing rocks as the most probable origin of 
granites (ii., 574-6). He maintains, 1. The accepted theory of 
igneo-aqueous softening for recognized schistose rocks needs only 
an extension in the same direction, to apply to granitic rocks. 2. 
The order of solidification of the constituents of granite has not 
been that which would have been followed in a case of cooling from 
a statfl of fusion. 3. The existence of hydrated simple minerals, 
or of such as must have been formed in the wet way, or of such as 
would undergo partial or entire decomposition, even at a red heat, 
is an evidence favoring the igneo-aqueous theory. 4. The charac
ter of thin tortuous granitic veins, instead of evincing molten fluid
ity, seems more probably to have resulted from a state of solution 
or softening in alkaline thermal waters. 

Dr. Hitchcock never made an explicit record of his views in re
ference to the tenability of the Taconic system as a whole. He op
posed the earlier views of Emmons in reference to a non-inversion of 
the strata in western Massachusetts-though at one time wavering 
on that subject-and is commonly ranked with the brothers Rogers 
as an opponent of Emmons' claims. But Hitchcock's conception 
of the assumed overturn was different from that of the brothers 
Rogers; and Emmons yielded at last, to the evidence of a folded 
overturn. In reference to the position of the "red sandrock" at 
Highgate and elsewhere, Hitchcock in the earlier portion of his 
Vermont report, deferred to the pClsitive opinion of W. B. Rogers*, 
and in this respect was again at variance with Emmons, who held 

it to lie in the position of the Potsdam sandstone and the Calcifer
ous sandrockt. As to the Georgia slates, which the majority of 
American geologists had pronounced equivalents of the Hudson 
River series, or newer, Dr. Hitchcock appears finally to waver. He 
quotes the changed opinions of Logan, and the po.litive assertions 
of Barrande, as well as Hall's explanations of his positions, and as 
to himself, confesses that he no longer takes sides-though ap
parently he admits, with Logan, that the Point Levis rocks are 
subordinate to the Potsdam, instead of near the middle Silurian. 
But on still later pages!, he compiles a resume of the Taconic sys
tem, saying, "We shall use the terms which are employed by Prof. 
Emmons, and shall endeavor to represent his ideas as they are 
published, as faithfully as though we were the amanuensis of an 

*Pmc. Amer. Assoc., Albany, 1851. 

t Ameriwn GeoloaV, vol. i, pt. ii., pp. 88, 128, 1855. 

*Vermont Report, pp. 434-447. 
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advocate of the Taconic system." This epitome, therefore, is not 
c.Jmpiled in a controversial spirit. Moreover, it soon becomes 
manifeElt that some of the reasoning is Dr. Hitchcock's own; that 
is, heasRumes the character of a friend and advocate. He con
cludes with a statement of "presumptions in favor of the Taconic 
system": "1. Its similarity to the Cambrian system in Europe." 
From this is deduced, "2. A presumption that the old doctrine of 
the Laurentian age of the New England azoic rocks is correct." 
"3. Ilhe Taconic rocks are physically unlike the Lower Silurian." 
"4, The Taconic system underlies the Lower Silurian." "5. The 
thicknesses of the 'l'aconic and Lcwer Silnrian rocks do not agree." 
"6. The organic remains of the Taconic and Lower Silurian rocks 
are entirely different from one another." 

HENRY D. ROGERS. 

1842. In their classic memoir "On the Physical Structure of 
the Appalachian Chain,"'" the brothers Rogers say: 

"At an early period in the geological snrveysof New Jersey and 
Virginia, we were struck with the great prevalence of the south
easternly dip of the strata, throughout the portions of the Appa
lachian chain traversing those states, and recognized its depend
ence on the oblique or inverted folding of the strata. This will 
appear from the descriptions we have given in our Annual Reports 
for 1837 to 1839. The important general law of the greater steep· 
ness of the dip on the northwestern than on the southeastern sides 
of the anticlinal axes, became known to us at the same stage of our 
inquiries and was first annoul1ced in the Final Report on the 
geology of New Jersey, written in 1839, and published early in the 
spring of 1840" (p. 481). 

Another anouncement of these views was made to the American 
Philosophical Society in January, 1841. t 

After adverting to the statements of previous writers that all 
the strata between the Hoosac mountain LMassachusetts] and the 
Hudson river lie in an inverted order, drawings were exhibited, 
proving the existence of numerous closely folded anticlinal and 
synclinal axes; and the inference was drawn that the inverted dip 
of the rocks is a result of a folding of the bedl!! at short interval'!, 
and not of one general turning over of the whole series, as sug
gested by professor Hitchcock. Subterranean ig11leous action was 
referred to as having caused this compression and folding of the 
rocks, and its energy was shown to have been greatest along the 

*TranscwUons of the Association of American (}eo!oyUits and Natura!ists, 1840, 1841 and 1842 
pp. 474-53t. 

tProc. Amer. Phi!. Soc., Jan. 1, 1841. 
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Berkshire valley, and the ridges lying to the east. To the same 
agency was attributed the crystalline condition of the Berkshire 
marble and of the associated schists and semi-vitrified quartz 
rock- the first being regarded as merely the blue limestone of the 
Hudson valley, extensively altered, and the last, a highly altered 
form of the white sandstone at the base of the Appalachian forma
tions (p. 482). 

Speaking of the character of the flexures in the Hudson River 
division, they !lay: 

"In this belt the flexures are, for the most part, of the closely 
folded type, and the dip is almost invariably toward the southeast, 
the compressed and oblique plication of the beds extending equally 
to the hypogene or primary rocks of the mountains bounding the 
valley in the east, and to the lower formations of the Appalachian 
system which occupy the valley itself" (p. 486). 

"A feature of frequent occurrence in certain portions of the 
Appalachian belt, is the passage of an inverted flexure into a fault" 
(p.494). "It is an interesting general fact that the space between 
the axes, or, more properly, the am plitude of the undulations, 
increases as we cross the chain northwestward" (p. 507). 

1844. These views have a bearing on the interpretation of the 
structure occurring on the east of the Hudson river, within the 
geographical limits of the Taconic systpm. In the light of them, 
professor H. D. Rogers used the following language in reference 
to thp proposal of Emmons.l(· 

"The fixing of a base for the Palreozoic rocks of the United States 
is a problem scarcely less difficult than that oE determining the 
lower limit of the corresponding system of England, to which the 
admirable sagacity of Sedgwick has been so usefully directed. Do 
we possess, in the so-called Taconic system of rocks lying to the 
southeast of the unequivocally fossiliferous strata at the base of 
the New York or Appalachian system, an independent mass of 
formations of an unquestionably earlier date, or are these, on the 
other hand, but wen known lower Appalachian strata disguised by 
some change of mineral type and by igneous metamorphosis? 
These Taconic rocks, under the form they assume along the east
ern boundary of New York and the western side of Vermont and 
Massachusetts, have been carefully studied by Emmons, Hitch
cock and Mather; all of whom appear to have arrived at different 
conclusions concerning them.t . . . Professor Emmons considers 

*Amer. Jour. Sc·i. xlvii. 150. Oct., 1844, 
tProfessor Mather'S conclusions are embodied in the preface to the report on the 

Geology of the First District of New Forlc, 1843, p. viii. Referring to the views of the pro-
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the granular quartz, slate and limestone of the Taconic bills and 
the Stockbridge valley as constituting a, distinct group of strata . 

. His principal argument in defense of this view is, that the 
order of succession of the component members of the group is 
essentially different from that witnessed in the sandstone, lime
stone and slate of the Champlairr division, and he denies that the 
theory of plication of the beds, advanced originally by myself and 
my brother, and applied to this very region, can reconcile the 
seeming want of agreement. Now it is true that the apparent 
order of superposition in the Taconic belt is in discrepancy with 
the well known succession of the Ohamplain formations, but this 
is precisely what should arise from the introduction of those com
plete folds or doublings together of the strata which we have con
ceived to exist; and I would add that the sections furnished by 
professor Emmons and professor Mather in their reports, if re
solved by the introduction of the flexures, supposed by us, will all 
of them display, for their western portions at least, the normal 
order of auperposition of the Champlain rocks. This identity of 
the so-named Taconic System with the formations of the Hudson 
alld Champlain valley was announced by my brother and myself, 
in the beginning of 1841, t(1 the American Philosophical Society. 
By the aid of a section from Stockbridge towards the Hudson 
river, we showed the existence of numerous close anticlinal folds, 
and thus explained the apparent inversion of the dip, which other 
geologists had ascribed to one general o"erturning of the whole 
series. The plication was shown to be greater along the Berkshire 
valley and the ridges west; the granular Berkshire marble was 
identified with the blue limestone of the Hudson valley, but meta
morphosed by heat, and the associate micaceous, talcose and other 
schists were referred, in the language of the communication, to 
the slates of the formation of the Appalachian system; while the 
fessors Rogers, he says: "I eon cur wit.h thenl in tbis opinion. .My own obSel'vt:Ltions on 
these roel{s (from the Hoosac mountain to the Hudson) and those of the Hudson valley, 
condueted with n1uch eare throughout their whole extent, in Ne,w York. and ill Ver
Dlont and J\iassachnsetts. through a series of years, have led ltte to the conclusion that 
they ire mektmorphic, and of the age of the Ohamplain division: that they are the 
altered limestones, slates and sandstones of that division ... The white limestone 
containing plunIbago and varj,Qn8 crystallized lninerals is anotllet point, on whicL there 
are various views. I have conle to the conelusioll that it i!-J meta.nlorphic, but in IllOl'e 
highly Ineta;morphic state than the dololnitic litnestones of the T'acunic roe-ks.", 

Chapter vii., however (pp. 422-4:J8), is devoted to the "Taconic System". But, at the 
end, professor Mather remarks: "It will oe observed by those who have read the pre
ceding details in reg~1rc1 to the Champlain Division and t,he Taconic Systeln, that they 
are considered to be the same rocks, the latter somewhat modified ill character by 
metamorphic agency" (p.4il8). 

In the chapter on Metamorphic Itocks, he says: "In describing the Taconic rocks 
separately, I have yielded to the opinion of some of my colleagues who have consid
ered them as interposed between the Champlain Division and the Primary. I can 
discover no evidence of any snch interposition ... "(p. 440). 
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semi-vitreous quartz rock of the western part of the Hoosac moun
tains was stated to be nothing else than the white sandstone (Pots
dam sandstone) of the same series slightly altered .... It is true 
Professor Emmons has presented in his report, a series of sections 
of the strata exhibiting an unconformity at the passage of his 
Taconic into the rocks of the Champlain division, but I must take 
the liberty of expressing my disbelief of the existence of any such 
unconformity, and of observing that, in the prolongation south
westward of this altered and plicated belt, as far as the termination 
of the Blue Ridge in Georgia, a distance of on8 thousand miles, no 
interruption of the general conformity of the strata has ever met 
the observation of my brother or myself," 

"It would appear thus, that the Potsdam sandstone forms 
the base of the Paheozoic strata in the latitude of lake Champlain, 
or at least in the region of the lake and the Mohawk river" (pp. 
151-152). 

Professor Rogers adds some suggestions which in the light of 
later palmontological developments, must be regarded prophetic. 

"Is this formation, then, the lowest limit of our Appalachian 
Palmozoic masses generally, or is the system expanded downwards 
in other districts by the introduction beneath, of other conforma
ble sedimentary rocks? From the Susquehannah river southwest
ward, a much more complex series of strata comes in below the 
bottom of the lowest limestone, than is anywhere seen northeast 
of the Schuylkill. In some portions of the Blue Ridge belt there 
are at least four independent, and often very thick deposits consti
tuting one general group, in which the Potsdam, a white sandstone, 
is the second in d6flCending order. The uppermost of these is an 
arenaceous und ferriferous slate, many hundred feet thick, in which 
the only fossil is a peculiar fucoid. Beneath this lies the Potsdam 
sandstone, and under this again, a mass of coarse sandy slate and 
:flaggy sandstone, amounting sometimes to six or seven hundred 
feet, below which occurs in Virginia and East 'fennessee,* a series 
of heterogeneous conglomerates. Neither of the two lowest of 
these masses has yet rewarded research with a single fossil Jt (p. 
152) . 

. , Professor SMford in his admil'able digest. of the" GeoluUlI of Tenne",ee" (pp. 151,158, 
182) deserilJed t.hE> Potsdam group as composed of: 20, 'The Knox Group of Shales, 
Dolomites and Limestones; 2/J, 'rhe Chilhowee Sandstone (Potsdam proper;) 2a, The 
Oeoee Oonglo111erate and ~lates (Eozoic). Below these are the lnetaulorphic rocks, 
gne.iss, nlic(1 slate, syenite and chlol'itic slates. Dr. Safford says; "':rhe lnetarllorphic: 
beds together with those of other groups that are adjacent or neighbol'ing, all appear 
to follow the StLlnG law of dip a.nd strike. The dip is, in tlle rnain. at a high angle 
to tue southeast, , . . They all apparently belong t.o the sallie system of upheav
als. . . . 'Vith reference to age, I have no reason for believing that the group 
within Tennesee includes the metamorphosed beds of any fOl'matioll of more recent 
date than the Ocoee conglomerate and shales" (p. 177). 
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"Adjoining this great mass of arenaceous strata toward the 
southeast we find throughout much of the broad belt of the Blue 
Ridge, especially in its prolongation southwestward from the Po
tomac, a wide expansion of metamorphic strata intersected by in
numerable veins and dykes of greenstone and other igneous ma
terials, and displaying almost every grade and variety of alterna
tion ill texture and mineral contents. These, after long and care
ful observation, we have been led to consider as a group of sedi
mentary beds. still older than the preceding, but forming a part of 
one and the same unbroken series. Thus, thell, in the great group 
of strata at the base of our lowest fossiliferous series, we are pre
sented with similar and perhaps more striking results of igneous 
modifying powers than even in that portion of the Ohamplain sys
tem whose metamorphosed rocks constitute the Taconic group. 

Respecting the phenomena presented in the long belt of 
rocks here referred to, 1he question suggests itself whether the so
called Taconic system instead. of belonging exclusively to the 
Ohamplain division, may not, along with the western border of 
Vermont and Massachusetts, include also, some of the sandy and 
slaty strata here spoken of as lying beneath the Potsdam sand
stone" (p. 153). 

In his final Report on the geology of Pennsylvania, published in 
1868,* professor Rogers, in speaking of the Second or Mittdle Belt 
of Gneiss, in the southern gneissic district, says: "It would· seem 
as if these minerals had crystallized or segregated from their parent 
sedimentary materials, under a conflict of forces, the newly awak
ened crystallizing energies being not always parallel to the origi
nn.l bedding of the deposit, but morA frequently oblique to it .. 
(p. 71). This remark is made in view of the "wavy or minutely 
undulated laminatioD, arising apparently, from a contorted or 
wavy structure in the coaraely crystallized mica, its predominant 
mineral. which he thought. seemed "to proceed from the interfer
ence of innumerable planes of cleavage-or what is the same thing 
-of crystalline lamination. with the original planes of deposition 
of the strata." 

He remarks a character which possibly might be attributed to 
remoteness of the upper gneisses from the zone of intense crystal
line action: 

*The Geology of Pennsylvania, Government SU1"t'cy. By Henry Darwin Rogers. In 
two vols. 4to, New Yoi'k, 1868. The anthor informs ns in the pl'ef"ce th"t tile snrvey 
was commenced in 1836; interrupted from f!1ilure of !1ppropri!1tions in 1842; revived in 
1851 (after sundry failures in !1ttempts to accolllplisil pnblic!1tion); the field work was 
concluded in 1855, report rewritten and pl!1ced in way of pllblicaUon under direction 
of the author. The preface is dated Philadclplli!1, April, 18,;8. 
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"A remarkable feature in the northern 01' uppermost band of 
gneiss on the Schuylkill, or those which next adjoin the base of the 
Primal series, is the possession of a less than usual completeness 
of crystallization in the constituent minerals, the feldspar more 
especially, appearing to be lees perfectly developed than common, 
and more in the condition of roundish or lenticular, segregated 
lumps. In thiE' circumstance, the gneiss herA approximates some
what to thA structure of the lowest beds of the Primal series, which 
are also porphyroidaI, but exhibit their metamorphism in a far 
lower degree" (p. 73). 

The prevailing Ap;::-alachian dip is not remarked in the gneisses: 
"A remarkable feature in the structure of the whole southel'll 

gneiss district is the prevalence of a northward dip in the strata. 
This inclination prevail" along the Schuylkill, with very few local 
and trivial exceptions throughout all the three great subdivisions 
of the zone of gneiss" (p. 78). 

I make one more quotation, setting forth a conception in refer
ence to Appalachian structure, which demonstrates long and 
thoughtful observation: 

"That the wide area of gneiss now under description if? undulated 
in a succession of anticlinal and synclinal waves is obvious to any 
practiced geological observer who studies its structure with due 
care. The notion of an undulated or folded structure in the 
gneiss finds corroboration in the parallel arrangement of the hills 
and valleys; and in the sudden changes in the dip of the strata, 
wherever we make a transverse section through the region; but it 
receives its most positive demonstration, when WE; study the to
pography and distribution of the gneiss on the western side of the 
county. There as we have already seen, several long tapering 
tongues of the gnAiss formation project forward towards the W, 
including between them actual troughs of the Paheozoic rocks, a 
feature not attributable to any other mode of elevation of the 
gneiss than that of an undulation of its general floor in the manner 
of long anticlinal waves" (p. 86). In reference to in verted flexures 
in the South mountains, see page 94 . 

. J AMES HALL. 

1848. In his Final Report 0:':: the geology of the Fourth Dis
trict of New York,;\< Mr. Hall, like Mr. Mather and Mr. Vanuxem,** 

*GcolOflY fJf New YOI'/r. Pnl't IY, COnlprisin(l tile Sll1'l'ev of tile FOHrth GcolfJ(llcal District. 
By James [fun, Allmmy,lH±:J. 

**Yanuxem's c1ulpter Oil tll€ Tueonie system occupies but about one page (pp. 22,23.) 
The rocks or the ,;ysteJJl barely entered lIis dbtriet. Unlike MatlIer, he agreed with 
EmIllons t1:-; to the validity of its existe·llce. 'rho following, however, is a curious 
paragl'apl1 : 
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makes mention of the Taconic system, then recently proposed by 
Dr. Emmons. But, with Mr. Hull, a mere mention suffices. He 
says: "II. Taconic System. Represented by the ~raconic range 
of mountains in the eastern part of New York." (p. 17.) 

1847. Mr. Hall's attitude toward the Taconic was disclosed in 
the first volume of the Palooontology of New York* where the tril
obites described by Dr. Emmons under the names Atops trilineatus, 
and Elliptocephalus asaphoides, as representatives of Taconic 
life, were described as Calymene beclcii, an authentic species of 
the Hudson River group, and Olenus asaphoides, presumed also 
to be of similar age. He says: 

"Supposing the existence of a system of strata below the Pots
dam sandstone, of which we have no proof, we might fairly infer 
that tht) wide interval between the deposition of those strata and 
the Hudson River group, w0uld give us forms of animal life more 
widely different than these examples offer" (p. 257, note.) 

1859. So far as I have observed, professor Hall had no occasion 
to assume positions bearing on any questions concerning pre-Silu
rian rocks, until some [assumed] "Trilobites of the Shales of the 
Hudson River Group" from northern Vermont, were placed in his 
hands. t These were described as Olenus thompsoni, Olenns ver
montana and Peltum (Olenns) holopyga (pp. 59-62). These fos
sils, as it appeared, were obtained from the district claimed by Em
mons as representing the Taconic system. Though these were not 
generic types characteristic of the horizon of the Hudson River 
group, the controlling reason for placing them there, is expressed 
in the appended note as follows: 

"NO'fE. In addition tothe evidence heretofore possessed regard
ing the position of the slates containing the trilobites, I have the 
testimony of Sir W. E. Logan, that the shales of this locality are 
in the upper part of the Hudson River group, or formin'g a part of 
a series of strata which he is inclined to rank as a distinct group, 
above the Hudson River proper. It would be quite superfluous for 
me to add one word in support of the opinion of the most able 

"It is a cOllvenient receptacle for deposits which belong neither to the Primal'Y nor 
the New York System; and the mind in England is disposed to one of the kind, since 
the Oambrian System holds the same posit.ion. }<'rom [To] the necessit,y of a connect
ing link between the Primary and the Secondary chLsses, which alone existed when 
Werner rose as a geologist" we owe the Transition elass. the fruits of which are the 
Oambrian System of Mr. Sedgwick. tbe Silurian of Mr. Murehison. and the Devonian 
of Mr. Phillips; now merged. with the exception, probably, of 0, portion of the Oam
brian, in the r<ew York System.' 

*Palruonto!ogy of New Yor'k, Volume 1. By James Ho,ll. 18.17. 
tTwelfthAnnual Report of theN. Y.Regents. Contributiontn tlwPalmontologyof N. Y., 

1855, '56, '57 and '58. By Jo,mes Hall. 1859. Professor Hall has informed us that this 
report was published previOUS to Sept. 20, 1850. 



108 EIGHTEENTH ANNUAL REPORT 

Etratigraphical geologist of the American continent" (p. 62, note.) 
1860. In the Thirteenth Report of the Regents*, professor Hall 

changpd the generic references of the three trilobites just men
tioned, establishing for them, two new genera. They are here de
scribed (the first with a new figure) under the names Bm'randia 
ihompsoni, Barrandia vermoniana and Bcdhynoius holopyga. 
The technical reasons for these changes are explained. In refer
ence to geological position, he says, in a paragraph at the end: 

"The geological horizon of the shales in which these trilobites oc· 
cur, having been made a matter of discussion among geologists, I 
shall refer those interested in the subject to the forthcoming re
port upon the Geology of the State of Vermont, by Professor E. 
Hitchcock," (p. 119, see ante, p. 99). 

1861. This reference of the Georgia trilobites a horizon as high 
as the Hudson River group, was questioned and somewhat sharply 
criticised by M. Barrandet in 1'360. Professor Hall, accordingly, 
made a restatement of the reasons which induced him to refer the 
Georgia trilobites to the Hudson River horizon. The truth of his
tory, not to say justice to professor Hall, demands the quotation of 
some passages.! After stating that Sir William Logan had au
thorized in an explicit manner, the note appended to his pape~ in 
the XIIth Regents' Report, he proceeds: 

"Later discoveries in the limestones associated with the shales 
at Quebec leave no longer a doubt, if any could have been enter
tained before, that the shales of Georgia, Vermont, are in the same 
relative position [i. e., of Quebec age, instead of Hudson River] 
and we must regard these three trilobites as belonging to the same 
fauna with the species enumerated by Sir William Logan as oc
curring in the Quebec group. Left to palffiontological evidence 
alone, there never could have been a question of the relations of 

*A]Jpcndi:r. CmttrihuUorl,s to Palwon+olnoy, 18:58 a,ltd. 18.30, 'wi.th (uhUt-ioru .. in 1860. By
.James Hall. This report. accOl'ding t,o a slip attached to Xl1'UI Report. was published 
before Dec. 17. 1860. 

'I'Neucs Jallrlmell jllr OCfI/o(Jie wul PctrejaJflenlftlnde. A translation of the letter written 
under date of Paris, JUly, 16,1860 to Pl'Of. Bronn is given by !V!. lI!tucou. in a mcmoir en
titled "On the Primordial Fauna and the T"collie System, By ,Joachim Bt1l'rande. With 
additional notes." From the P1'Occcdil1rJ" of the Bliston Soeietu of Natuml Hisloru, vol. vii., 
Dcc., 1800, pp. :)159-:;8:? nepublished in Ama. Jo",·. Sci .. II., xxxi, pp. 212-1;'>. Mar"1861. 
M. Barrande wrot,e of these fossils: "'l'heir primordial nature cannot admit of the 
least doubt. when the descriptions are road. accompanied with wood eugravings 
wilieh the large dirllellsions of t11ese three species render sufficiently exact .... .. All 
the chanwters of these three trilobites. as they tue recognized and described by J. 
Hall, are those of the trilobites of the Primordial fauna of Em·ope. . Such is my pro
found conviction, and I t,hink anyone who has made a serious study of the trilobitic 
fOl'1I1s, and of n,eil' vertical distribution in the olciest formations willlJe of the same 
opinion" (PP. :371-:)'72.) 

iAmer. ,Jour. Sci.. II, xxxi, pp. 220-6, 1I1arch, 1861; Canad. N<1tl~mli.'t, vi, lU-ZO, Apr. 15, 
1861; GeoL Vermont, i, '182-6. 

\ 
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these trilobites, which would at once have been referred to the 
Primordial types of Barrande. 

" Sir William Logan yields to the palmontological evidence, and 
says, 'there must be a break.' He gives up the evidence of struc
tural sequence which he had before investigated, and considered 
conclusive; and having heretofore [myself J, relied upon the opin
ion of the distinguished geologist of Canada, in regard to a region 
of country to which my own examinations had not extenclAd, I have 
nothing left me but to go back to the position sustained by the 
palmontological evidence." * 

He then examines the palmontological evidence, and from a 
tabular exhibit of Quebec fossils, concludes: 

" In the table we find, of previously recognized tribolites of the 
primordial faunm, four genera and eight species; two genera be
fore known in the Potsdam &andstone, and seven species; and of 
Agnosius, which is of the first and second faunm, two species; and 
one new genus, with nine species." 

"These are certainly very curious results; and a modification of 
our views is still required, to allow four genera and eight species, 
or, leaving out Amphion, three genera and six species of tribolites 
of the second fauna, to be associated with two genera and five spe
cies of tribolites of the primordial fauna, and yet regard the rocks 
as of primordial origin" (pp. 224). 

"In the present discussion, it appears to me necessary to go fur
ther, and to inquire in what mauner we have obtained our ideas of 
a primordial or of any successive fauum. I hold that in the study 
of the fossils themselves, t here were no means of such determina
tion prior to the knowledge of the stratigraphical relations of the 
rocks in which the remains were enclosed. There can be no scien
tific or systematic palmontology without a stratigraphical basis. 
Wisely then, and independently of theories, or of observations and 
conclusions elsewhere, geologists in this country had gone on with 
their investigations of strnctural geology. The grand system of 
Professors 'V. B. and H. D. Rogers had been wrought out, not 
only for Pennsylvania and Virginia, but for the whole Appalachian 
chain, and the results were shown in numerous carefully worked 
sections. In 184:3, '44 and '45, I had myself, several times crossed 
from the Hudson river to the Green mountains, and found little of 
importance to conflict with the views expressed by the Professors 
Rogers in regard to the chain farther south, except in reference to 
the sandstone of Burlington, and one or two other points, which I 
then regarded as of minor importance." 

* Amer. Jour. Set, Il, xxxi, 221. 
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"Sir William Logan had been working in the investigation of 
the geology of Oanada; and better work in physical geology has 
never been done in any country." 

"This, then, was the condition of American geology, and inves
tigators concurred, with little exception, in the sequence based on 
physical investigations. As I have before said, our earliest deter
minations of the successive faunre depend upon the previous strati
graphic determinations. This, I think, is acknowledged by Mr. 
Barrande himself, when he presents to us as a preliminary work, a 
section across the centre of Bohl3mia. With all willingness to ac
cept Mr. Barrande's determination, fortified and sustained as it is, 
by the exhibition of his magnificent work upon the trilobites of 
these strata, we had not yet, the means of parallelizing our own 
formations with those of Bohemia by the fauna there shown. . 

. It then became a question for palreontologists to decide 
whether determinations founded on a physical section, in a dis
turbed and difficult region of comparatively small extent [i. A. Sir 
W. E. Logan's on the borders of Oanada ana Vermont] were to be 
regarded as paramount to determinations founded on examinations, 
like those d the Professors Rogers, extending over a distance in 
the line of striKe of five or six hundred miles; and those of Sir 
William Logan over nearly as great an extellt, from Vermont to 
Gaspe." . . . , 

"It is evident that there is an important and perplexing question 
to be determined. . For myself, I can say that no previously 
expressed opinion, nor any' artificial combinations of stratigraphy 
previously adopted, by me, shall prevent me from meeting the 
question fairly and frankly" (pp. 224-5-6). 

1862. The new evidences in reference to the age of many of 
the rocks in the valley of the Hudson, led professor Hall to an 
abandonment, at least for a time, of the use of the term Hudson 
River group, for the assemblage of strata next above the Trenton 
group. In a note at the end of his report on the geology of Wis
consin, he records this changed position.* 

"At that time r when the final reports on the geology of New York 
were in preparation] and at a later period, Dr. Emmons proposed 
the name Taconic System for a series of rocks lying a :lonsiderabla 
distance to the eastward of the Hudson River, and which were, 
according to the author of that System, below the Potsdam sand. 
stone. An examination of the slaty rocks of the System in some 
of their typical localities, proved, in the opinion of the writer, that 

*Repmt on the GevlofJiwl Surlley of the State of WisconSin, vol. i. Jan. 1862, pp. 47 and 
443-5. 
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they rested upon the Potsdam sandstone; and in tracing the same 
beds toward the Hudson River, there could be discovered no break 
or interruption in the strata anywhere to the east of that river. . . 
At a subsequent period, Dr. Emmons extended the application of 
the term Taconic System to the rocks of the Hudson Hiver valley, 
including the area originally regarded as the typical locality of the 
Hudson River Group. Within the last few years, the dis
cussion of the subject has been revived, more particularly from 
discoveries of fossils in Vermunt and Oanada, which prove conclus
ively that these slates 'are to a great extent, of older date than the 
Trenton limestune." 

"Looking critically at the localities III the Hudson valley which 
yield the fossils [belonging to the second fauna] we find them of 
limited, and almost insignificant extent. Besides the fossils 
just mentioned, we know of no others for nearly a hundred miles 
along the Hudson valley, with the exception of the Graptolites, 
which have heret0fore been referred to the age of the other fossils 
found in the smaller outliers, or to the second fauna, but which in 
reality, hold a lower position, and belong to the great mass of the 
shales below." 

"Until recently but one or two other species of known older 
types of fossils (those of the Primordial fauna) had been discovered 
in these slates. But within the past few years, the number dis
covered has been very great. Weare therefore satisfied. . . 
that the term Hudson River group cannot properly be extended to 

the Lorrain shales and the shales and sandstones of Pu
laski, etc. I have therefore dropped the term Hudson River 
group in its application to the rocks of Wisconsin which are of the 
age of the Lorrain shales of New York, and the 'blue limestone' of 
Ohio." 

1864. The field examination made in 1864 in company with Sir 
W. E. Logan, has already been mentioned. Ante', p. - This re
sulted in the recognition of a wide distribution southward, of rocks 
belonging to the Quebec and Sillery formations. These identifica
tions were made in the midst of a region which had generally been 
regarded as underlaid originally by altered strata of Hudson River 
age. 

1877. The conclusions reached in 1861 and 1862, in reference to 
the age of the mass of rocks along the east side of the Hudson 
river, were found to be only partially true. * Later investigation 
showed the existence along both sides of the river, of a body of 

'''Note upon the History and Value of the term Hudson River group, ill American 
Geologicalnomenclature." Proc. Amer. Assoc., Nashville, 1877, pp. 258-65. 
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slates lying in unquestionable continuity with the Lorrain shales 
of the Mohawk valley and the northwflstern part of the state; and 
professor Hall therefore reclaimed the term Hudson River group 
as appropriate. No particular citations of reasons assigned is 
needed here. Professor Hall however, still recognized the exist
ence of a mass of slates farther east in New York, which contained 
fossils of the Primordial fauna. These, therefore, still remained, 
to validate, as far as they could, Dr. Emmons' contention for the 
existence of a pre· Silurian, fossiliferous system. 

SIR WILLIAM LOGAN. 

1845. The first record of observations made by Sir William Lo
gan on the range of rocks here under consideration*, speaks of 
them collectively, as the "Metamorphic Series." But he recognizes 
a lithological and chronological subdivision. 

"To the south of the Mattawa and of the Ottawa in its continua
tion after the junction of the two streams, important beds of crys
talline limestone become interstratified with the syenitic gneiss,and 
their presence constitutes so marked a character that it appears ex
pedient to consider the mass to which they belong as a separate 
group of metamorphic strata, supposed, from their geographical 
position and general attitude, to overlie the previous rock conform
ably. The limestone beds appear to be fewer at the bottom than 
at the top of the group, but whether few or many, they are always 
separated by beds of gneiss which in no way differ in constituent 
quality or diversity of arrangement from the gneiss lower down, ex
cept in regard to the presence of accidental minerals, the most 
common of which are garnets," (pp. 41, 42). 

'rhe facts stated would seem to afford but slender ground for the 
recognition of two "groups." 

But this grouping is traced over an extent of sixty-three miles, 
when the result of his observations is expressed in the following 
arrangement: 

4. Fossiliferous limestone [with Niagara fossils.] 
3. Greenish sandstones [of undetermined relations.] 
2. Chloritic slates and conglomerates [subsequently Huronian.] 
1. Gneiss (p. 67.) 
1846. The series on the north shore of lake Superior is further 

described in the report of the following yeart. The order of suc
cession determined is gi ven below: 

5. Sandstones, limestones, indurated marls and conglomerates, 
interstratified with trap. 

*Report of PrO[Jre8.~ of tile Canad.a Ge()I{J(Jica~ Survey for 184.5-S, pp. 40·45. 
tReport of progrcss for 18M·7, pp. 8·17. 
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4. Bluish slates or shales, interstratified with trap. [Huronian 
Animike.) 

3. Chloritic and partially talcose and conglomerate slates. 
2. Gneiss. 
1. Granite and syenite. 
On these Mr. Logan makes the following remarks: 
"The rock at the base of the series is a granite, frequently pass

ing into a syenite by the addition of hornblende; but the hornblende 
does not appear to be often present wholly without the mica ... 
This granite appears to pass gradually into a gneiss, which seems 
to participate as often in a syenitic as a granitiC' quality ... The 
gneiss is succeeded by [3J slates of a general exterior dark green 
color, often dark gray in fresh fractures, which at the base appear 
occasionally to be intersindified with beds of afeldspathic quality, 
of the reddish color belonging to the subjacent granite and gneiss. 

Some of the beds have the quality of a greenstone, others, 
that of a mica slate, and a few present the character of quartz rock. 
Rising in the series, these become [4J interstratified with beds of 
a slaty character, holding a s~fficient number of pebbles of various 
kinds to constitute conglomerates. The pebbles seem to be of 
various qualities, but apparently all derived from hypogene rocks. 

[Ogishke conglomerate?] "The formations which suc-
ceed [5J rest unconformably upon those already mentioned. The 
base of the lower one where seen [in Thunder Bay] in contact 
with the subjacent green slates presents conglomerate beds, prob
ably of no great thickness, composed of quartz pebbles chiefly, 
with a few of red jasper, and some of slate in a green arenaceous 
matrix, consisting of the same materials in a finer condition." 
[Afterward "slate conglomerate. "] 

The [5] sandstones, limestones, indurated marls and conglomer
ates, are said to be crowned by an enormous amount of volcanic 
overflow. 

In the light of our own studies, it becomes easy to recognize in 
No 3 the rocks of the Keewatin iron-bearing series, represented on 
the south shore by the Marquette iron-bearing series; in No.4, the 
chloritic diabase slates of the Thessalon valley, and in No.5, the 
"slate conglomerate" and quartzites and Trap-rocks of the same 
regions, and the Animike slates of northeastern Minnesota,"" while 
the crowning overflow is the great gabbro sheet so widely spread 
in northern Minnesota. 

*Erroneously supposed by Whitney and Wadsworth to represent the Cupriferous 
formation of the south shore (Azoic Rocks, p. 334). As the Cupriferous is with them of 
Potsdam age, we should have an astonishing equivalency between the Potsdam sand
stone and the Animike black slates. 
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It is important to keep in mind the early recognition of an un
conformity between the two series or schists Nos. 3 and 4, and the 
existence of quartzose pebbles in the bluish slates,"" as in the 
black.ish slates of the Thessalon valley. 

1B47. In order to describe the grounds of director Logan's de
terminations respecting the geology of the region north of lake Hu
ron it is necessary to make a quotation from Mr. Murray's report 
of a survey in 1847.t 

"The older groups observed, consist firstly, of a metamorphic 
series composed of granitic and syenitic rocks in the forms 
of gneiss, mica slate and hornblende slate; and secondly, of 
a stratified series, composed of quartz rock or sandstones, 
conglomerates, shales and limestones. On a cluster 
of small islands, granite was found breaking through the 
quartz rock. The color of the rock [which rock ?] was red. On 
one of the islands, quartz rock beds on opposite sides of the gran
ite, were observed to dip in opposite directions, north on the north 
side, and south on the south side, at an angle of 78° or HOG; and 
in another of the islands, the quartz :.;ock and granite were seen in 
juxtaposition, the former reclining on the latter. In this case the 
quartz was traversed by several trap dikes running slightly oblique 
to the strike, while granitic veins ran transversely through the 
whole, and were continued through the main body or nucleus of 
the granite, the one granite being distinguishable from the other 
notwithstanding the red color of both, by the finer texture of the 
veins" (pp. 112, 113). 

This is the earliest description of a portion of the rocks in what 
was to oecome "the original Huronian region." An examination 
of the statements made by Mr. Murray justifies the conclusion 
that the rocks described correspond to the' upper group' found 
by Logan on the north shore of lake Superior. But it will be 
seen that Logan parallelizes them with the metamorphic series of 
the north shore, without paying due regard to the unconformity 
which he has described running between the upper and lower_ 

* These are described as hlack argillaceous slates by Mr. Alexauder Murray (same re
port, pp. 51-3) After not,icing the two groups and the structurally conformahlepassage 
of the lower into the bottom gneisses., he says of the upper (black argillaceous slates) 
.. The base of this formation , . . was observed on the Kaministiquia, near the 

, Grand Falls. Its immediate junction with the rock on which it reposes was concealed 
from view, but appears to be indicated by the position of a small lake or pond occur
ring just below the second portage, and the marshy ravines which run from it in the 
direction of the strike on each side. The slates visibly reach to within a short dis
tance of the pond, probably brought into place against the syenite by a dislocation, 

t M nrray, Rep0l1 of Progress Jar 1847-8. 
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groups. Thus, in reference to the second -senes of Mr. Murray, 
he writes in 1848 : 1\< 

"The series of rocks occupying this country form the connecting 
link between lakes Huron and Superior to the vicinity of Sheba
wenahning, a distance of 120 miles, with a breadth in some places 
of ten, and in others exceeding twenty miles, and it appears to me, 
;must be taken as belonging to one formation; on the west it seems 
to repose on the granite which was represented in my report on 
lake Superior as running to east of Gros Cap, north of Sault Ste. 
Marie; on the east, the same supporting granite was observed by 
Mr. Murray, north of La Cloche, between three and fuur miles in a 
straight line up the Riviere au Sable, and again about an 
equal distance up another and parallel tributary, in both 
cases, about ten miles from the coast. In respect to the 
geological age of the formation, the evidence afforded by the facts 
collected last year by Mr. Murray, is clear. satisfactory. 
and indisputably conclusive. The chief difference in the 
copper-bearing rocks of lakes Huron and Superior seems to lie in 
the great amount of amygdaloidal trap present among the latter. 
and of white quartz rock or sandstone among the former. But on 
the Canadian side of lake Superior, there are some considerable 
areas, in which important masses of interstratified greenstone ex
ist without amygdaloid, [this is the 'upper group 'J while white 
sandstones are present in others, as on the south side of Thunder 
Bay, though not in the same state of vitrification as those of Hu
ron. But notwithstandi~g these differences, there are such strong 
points of resemblance in the interstratification of igneous rocks. 
and the general mmeralized condition of the whole, as to render 
their positive approximate equivalence highly probable, if not ab
solutely certain; and the conclusive evidence given of the age of 
the Huron, would thus appear to settle that of the lake Superior 
rocks. in the position given to them by Dr. Houghto.n, the late state 
geologist of Michigan, as beneath the lowest known fossiliferous 
depcsits, a position which, as will be seen by a reference to the 
Report of Progress I had the honor to submit to your Excellency, 
in 1846, appeared to me to derive some support from evidences on 
the Canadian side of lake Superior itself." 

The positive error embodied in the foregJillg paragraph is the 
attempt to parallelize the Huron rocks with a series of Superior rocks 
which consists of two groups, and then baving shown the parellel
ism with the higher group. the drawing of inferences touching a 

* Re.port on the rWlth 81ul1'e 'Of Lake HI/rOll. Dec. :~g. 1848. pp. 8, 9. 19. 20. 
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third geological region which are valid only in reference to the 
lower Superior group. 

The foregoing citation from the report of 1848, was embodied in 
a communication made by director Logan to. the British Associa
tion in 1851.* But in place of the last part of the last sentence, 
we find the following: "and in this sequence, those [rocks] of Lake 
Huron, if not those of Superior, would appear to be contempor~ 
aneous with the Oambrian series of the British Isles." In the 
next paragraph, he says the Lower Silurian, on the lower St. 
Lawrence, "appears to rest upon gneissoid rocks, without the in
tervention of the Oambrian" (Amer. Jour. Sci.,1. c., p. 226;) and 
in the next, he uses the phrase, "Oambrian formation of Lakes 
Huron and Superior" (p. 227), and the same again on the next 
page. It is clear then, that in 1851, Sir William Logan considered 
the rocks on the north shore of lake Huron as equivalent to the 
Oambrian of Sedgwick. 

1848. We must again cite from Murray, as it appears that direc
tor Logan's judgments were largely based on assistant Murray's 
facts. In the report for 1848-9, after describing the country along 
the Spanish river, he says: 

"The geological formations met with in the region thus describ
ed, may be arranged in two groups, one of which appears to be 
nearly allied to, and the other identical with, the older rocks of 
which mention was made in my report of 1847-8. They are 

2. Quartz rock group. 
1. Granitic or Metamorphic group. 
Mr. Murray, in describing the lower group, mentions only grani

toid rocks. He says: "The constituent minerals were usually 
those of granite or syenite, or a mixture of both. A gneissoid 
structure was observed on one or two occasions, but obscure 
and i.ll defined." Speaking of the "Quartz rock group," he says: 

"The rocks of this group, where they came under our observa- • 
tion, like thos"'e examined the previous season, were found to be 
partly of aqueous and partly of igneous origin." After describing 
the quartzose members, he speaks of the slate. "The slates were 
gray, green or blackish in color, and were usually more or less 
silicious, and frequently very micaceous. The more purely 
argillaceous portions of the slate were generally black or of a very 
dark brownish tinge, and in these a very symmetrical jointed 
structure, dividing the rock into rhombohedral forms of consider
able regularity, was frequently recognized. The slates were very 

*Rep. Brit. Assoc. Adv. Sci. 1851. Trans. Sees. 59-62 Amer. J,mr. Sci. II, xiv, 224--229. See 
"Iso BulL Soc. geol. de Fl'(I;nce, 1849-50, (2), vii, 207-209. 
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()ften observed to pass into a conglomerate, holding pebbles of 
granite and syenite chiefly, varying in diameter from an eighth of 
an inch to a foot, and imbedded in a black m'gillaceous matrix" 
(p. 37.) 

No one who has seen Logan's slate conglomerates in the valley of 
the Thessalon, can fail to recognize the identity of the argillaceous 
slates described by Mr. Murray. 

1849. In the report for 184:9-50, director Logan describes the 
,geology about Bay St. Paul and lVlurray bay. He classifies the 
.rocks as follow3: 

4. Bituminous limestone (Trenton.) 
3. Oalciferous sandrock. 
2. White quartz rock (Potsdam sandstone.) 
1. Metamorphic group (p. 8.) 
Referring to the "Metamorphic group," he states that the prevail

ing rock of the country is gneiss, sometimes of a granitic and some
-times of a syenitic character. After careful local details, he says: 

"The gneiss of this district belongs to that metamorphic group 
of rocks, which in previous reports has been described as existing 
-on the Ottawa, and as traceable thence . . to Oape Tourmente 
below Quebec. None of the highly crystalline limestones 
which on the Ottawa are so marked a feature of the group, were 
·observed in the region under attention." 

This fact gives support to the suggestion of Whitney and Wads
worth that the Laurf'ntian limestones may be mere segregations, 
instead of extensive strata. 

A white, translucent, slaty quartz rock, rendered cleavable by 
the presence of silvery mica, but seen only at three points, directly 
.overlies the gneiss. "There appears to be little doubt that this rock 
is equivalent to the Potsdam sandstone of New York" (p. 10.) 

lE51. This year director Logan and assistant Murray examim,d 
-different portions of the district between the Ottawa and the Sf 
Lawrence. Mr. Logan describes the Potsdam sandstone as re
posing unconformably on the "Metamorphic or gneissoid group" 
(p.6.) The character of this "group" may be learned from Mr. 
Murray's description of the geology of Rigaud mountain (Report 
of Progress, p. 63.) After Hpeaking of the occurrence of gneisses, 
he says: 

"These beds are interstraiified with others of a different charac
ter; one set is composed of small cleavable forms of black horn
blende and grains of translucent, yellowish-white feldspar, wf'ather
ing opaque-white, and crystals of brown mica. Another consists 
()f grayisl}-green cleavable pyroxene, with individuals of greenish 
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feldspar weathering white. and largely disseminated grains or 
magnetic iron; and a third consists of translucent albite, with black 
llornblende and magnetic iron ore disseminated, alternating with 
mic::.ceous layers. All these beds are intersected by transverse 
dykes, some of which are fine-grained, grayish- black trap, probably 
a greenstone with disseminated grains of calc-spar, while others 
are porphyritic, having a fine grained blackish-green base, with 
individuals of greenish white feldspar" (pp. 63-64.) 

This passage sounds very unlike the descriptions of the rocks 
about Spanish and Thessalon rivers. But these are the rocks. 
which in the Seigniory of Rigaud, rest directly upon the gneisses. 
It is further stated (pp. 60, 65,) that at the base of 71 feet of sand
stone, on Bluff island in Charleston lake. is a "red talco-quartzose 
rock of the Metamorphic series." No such rock is described in 
the region north of lake Huron_ There is reason to suppose an
other group of rocks rests in this region in a position between the 
gneiss and the "Huron rocks." 

Of the deeper gneisses Mr. Murray supplies some interesting 
information: 

"N ear Furnace Falls, on the second lot of the eighth concession of 
Landsdowne, there is a considerable display of crystalline lime
stone, holding as usual, spangles of graphite and mica, with grains 
of quartz. Crystalline limestones hre also, extensively ex
hibited in the neighborhood of Beverly. township of Bastard, and 
N ewboro' in sOllth Crosby. Their color is usually white, but some
times grayish-white. or white with gray bars or stripes. Small 
scales of graphite are invariably disseminated through the rock, 
with serpentinE', mica and iron pyrites. The texture of the 
limestones is usually coarse. Nodular masses of vitreous 
white quartz, surrounded with thin layers of brown mica, and both 
enclosed in foliated green pyroxene, are met with in some of the 
beds. On the twenty-fourth lot of the tenth concession of 
Bastard. there is an unmistakable bed of conglomerate. interstrati
fied between two beds of highly crystalline limestone, showing the 
sedimentary origin of the Metamorphic series. The following is 
a condensed statement of the section given (p. 62.) 

7. Crystalline limestone, white, coarse-grained, 6 ft 
6. Crystalline limestone, fine. very hard. bluish-gray, 4in. 
5. Calcareous sandstone, fine-grained, 2 in. 
4. Coarse conglomerate. The pebbles are flat and lie on their 

sides, etc., 1ft. 6in. 
S. A calcareous aggregate of quartz. with feldspar, calc spar 

and scales of ~raphite, 2in. 
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2. An aggregate of colorless, translncent qnartz, with feldspar 
and patches of greenish, chloritic limestone, with brown 
mica,4in. 

1. Pure white, highly crystalline, coarse limestone, Sft. 
1852. Director Logan retnrns to an exposition of the rocks 

north of lake Huron,*" and states: ' 
"On Lake Huron, the Lower Silurian group rests unconforma

bly upon a silicious series, with only one known band of limestone, 
about ISO feet thick, with leaves of chert in abundance, but as yet, 
without discovered fossils. This series is supposed to be of the 
Cambrian epoch. It comprehends the Copper-bearing rocks of 
that district, and with its igneous, interstratified masses, has a 
thickness of at least 10,000 feet. The gneissoid group, of which 
mention is made, is probably still older than this. Its conditions 
appear to me to make it reasonable to suppose that it consists of 
aqueous deposits in an altered state." ' 

1854. The first announcement of the term Laurentian, as the 
,designation of a series of rocks, was made in 1854.t 

"The name which has been given in previous reports to the 
rocks underlying the fossiliferous limestones in this part of Can
ada, is the "Metamorphic series;" but inasmuch as this is applica
ble to any series of rocks in an altered condition, and might oc
,casion confusil)n, it has been considered expedient to apply to 
them for the future, the more distinctive appellation of the Lauren
tian series,! a name founded on that given by Mr Garneau, to the 
chain of hills which they compose." 

In the Bame report, lYI:r. Murray, writing of the region between 
lake Ontario and lake Simcoe, supplies a general description of 
the Laurentian series, in these words: 

"They consist of masses of niicaceous and hornblendic gneiss, 
and masses of crystalline limestone interstratified by gneiss. In 

'Quar . .Jour. Geol. Soc" viii, 210, 1852. 

tRepon of Progress, Gculog. Sttrv. Canada, for thc year 1852·3, Quehec, 18M, p, 8, 

tThe term "'Laureutian" had already heen applied, in 1851, hy Edward Desor, to the 
fossiliferous marine Drift of the valley of the St. Lawrence river (Proc. Bostun Suc. 
Nat, Rist., Feh. 19 and March 5, 1851, vol. IV, pp. 20, 3:3,) It was also puhlished in the 
BuLLetin of the GeoLogical Society of j;'rwnce in the salHe year and in 1852; in the Nenes 

,.Jahrbuch for 18;,3; and in Thompson's Natgm[ HisCorlJ of Yermont, in 1853. 
The term "Algonqnin terrane" waS also pl'eocenpied l)y Desor, in 1851, as the desig

nation of the fresh-water deposits "bout the Great Lakes, to which O. II. Hikhcoek 
and.J. D. Dana have since applied the t.erm Ohamplain. The name "Algonkian" has 
been (in 1889) proposed by O. D. Walcott, for all the sul)-Oamhrian deposits down to the 
top of the crystalline schists. Thns a notable parallelism exists in the fortunes of 
the two terms proposed by Desor, for two distinct members of the Quaternary. 

For a history of the use of the term "Laurentian as applied to a Quaternary terrane," 
see .Joseph F . .James in American GeolofJiBt, .Tan, 1800. pp, 2g-35; also O. H, Hitchcock, in 
AmM'ican Geologist, April 1890, and .Jules Marcon, in American Geolog1Bt, voL VI, p. 64. 
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the great masses of gneiss, the prevailing color appears to be red
dish, but they are frequently striped with interstratified bands of 
gray, the reddish part taking its general aspect from the reddish 
feldspar which is the principal constituent, while the gray is 
chiefly made up of small grains of white quartz and feldspar, with 
small scales of black mica, and occasionally grains of black horn
blende. . . Beds also occur of which almost the only constit
uent is white quartz, and these often alternate with thin layers of 
yellowish white feldspar," (pp. 81, 82). 

Various beds of crystalline magnesian limestone are described: 
-One on Eel lake 30 feet thick, and several other exposures on 
the same lake (pp. 83, 84); another on Long lake, seventh lot of 
ninth concession (with little magnesia), with apatite, silvery mica 
and graphite, and a few grains of rose-colored quartz, ani some 
green serpentine; another below this, on Gold lake, with abundant 
grains and nodules of greenish serpentine; another, still lower, of 
white dolomite, with pinkish streaks and spots, with grains of 
quartz and serpentine (p. 84). Many other exposures are describ
ed, of similar general character. "Southwest from the Gold Lake 
limestone, in the continuation of the general strike, an exposure
was met with on the fourth lot of the eighth concession. 
From the vicinity of this exposure, crystalline limestone is trace
able, emerging from beneath the fossiliferous formations for a . 
mile and a half" (p. 85). 

If then these limestones are "low" in the gneissic series, an oc
currence so near the fossiliferous limestones would imply the
absence of a large part of the gneissic and the whole of the 
schistic rocks. 

At an exposure on Birch lake, Mr. Murray measured a section~ 
of which the following is a synopsis: (p. 89.) 

11. Mica slate, fine, with bands of coarse, disintegrating 
limes tome . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 86ft. 

10. Limestone, coarse, disintegrating. . . . . . . . . . . . . . . . . . 40 
9. Feldspathic quartz rock and coarse disintegrating 

limeston9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
8. Red, ferruginous mass, of brecciated appearance 

[See also p. 94].............................. 10 
7 Crystalline limestone, coarse, disintegrating........ 30 
6. CrYl:ltalline limestone, coarse, with graphite nodules 

and angular fragments of quartz.... . . . . . . . . .. 100 
5. Concealed from view. . . . . . . . . . . . . . . . . . . . . . . . . . .. 231 
4. Gneiss, mostly quartz, some black and brown mica 

and abundant garnets [Not very good gneiss]. .. 260 
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3. White quartz and fine-grained feldspar alternating. 130 
2. Supposed to be chiefly mica schist.... . . . . . . . . . . .. 300 
1. Gneiss, red and gray, thin bedded, with layers of 

mica schist. . . .. . . . . . . . . . . . . . . .. ............ 132 

1369 
1857. The reports of the Canadian survey for 1853, '54, '55, '56 

were not printed until 1857.* In Murray's reports for 1853 and 
1854, he describes the country between Georgian bay and the Ot
tawa river. "The Laurentian series" occupies most of the coun
try. He speaks of gneiss in alternation with mica slate. Some 
highly garnetiferous portions are mostly an aggregation of granu
lar quartz. He speaks also, of a black rock composed chiefly of 
hornblende, with some black mica (pp. 89, 90.) A fine grained 
red rock, supposed to be intrusive (p. 1)0) is spoken of, and beds of 
limestone are particularly located (pp. 91, 92, 93.) Bands of lime
stone are found about lake Nipissing (pp. 121, 122, 123.) The 
"Laurentian sflries" of lake Nipissing is further described in M ur
ray's reports for 1855 and 1856 (Rep. 1857, pp. 140.3.) 

"Among the boulders on lake Nipissing" says Mr. Murray, at 
the end of the report for 1855-printed in 1857, "many were ob
served to be of a slate conglomerate, and they were frequently of 
very great size; in their aspect and general character, these have a 
very strong resemblance to the slate conglomerate of the Huron
ian series,t from which, in all probability, they are derived" (p. 
125.) In the report for 1856, he speaks of the bowlders of met
amorphic rocks as derived from the Laurentian and Huronian 
formations on the north shore of lake Huron (p. 134:.) 

In reference to the red rock first mentioned in the report for 
1853, (p. 90,) he says: 

"At Grand Hecollet Fall, in the north channel of the French 
River, and in the south channel about two miles southeast from 
them, the rock is of a brick red color, without any distinguishable 
lines or layers of stratification. It was supposed to be an intru
sive syenite, and with a general breadth of from one to two miles, 
its course appeared to be N. N. W. and S. S. E., (141, 142.) 

*The volume printed ill 1857, of 404 pa.ges, contains reports of ~'iurl'ay ,end Hunt for 
1853, 18o!, 1855, and 185(;, and reports of Mr. Billings and Mr, lUuhardson for 1856. 

1'The term "Huronian" is evidently employed in this plu,ee, as a geographical desig
nation, rather thau the name of a well-considered historical assemblage of rocks oc
CUlTing in the Huronian area and elsewhere. Systemie[illy, these rocks were understood 
by Sir William Logan, as he tells us, to belong to the Caw brian (See ante, p.116, 1852, in Rep' 
for 1851.) It will be remembered ",Iso, that Emmons had declared that they faU with· 
in the limits of the Taconic (See ante, p. 82, 1860, p.1S;) and it does not appear that the in
sistance upon the use of term Huronian has been formally defended-a. lack of any 
attempt at justification which is explained only by the apparent. assumption t,hat th. 
claims of Taconic were too preposterous to Tl1erit eonsideratjon. 
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Director Logan, in a note, suggests the resemblance of this red 
rock to some of the harder kinds of the laterite rock of the East 
Indies. He cites Dr. Clarke, as concluding, in 1838, that it results 
from decomposed syenite or hornbltmdic gneiss. "The Canadian 
rock," Mr. Logan adds, "seems to be a syenite in an incipient 
state of decomposition." 

In his report for 1856, dated 1st March, 1857, Mr. Murray, speak
ing of the" distribution of the rock formations" between lake 
Nipissing and lake Huron, says: 

"The rocks of the region explored during the season, embrace 
two of the oldest recognized geological formations, the Laurentian 
and Huronian; the rocks of the latter and more recent of which, 
have been observed to pass unconformably below the lowest of the 
fossiliferous strata of the Silurian system. The contorted gneiss 
of the Laurentian series, with its associated micaceous and horn
blendic schists, spreads over the country to the south and east, 
while the slates, conglomenttes, limestone, quartzyte and greenstone 
of the Huronian, occupy the north and western part" (p. 168). 
The boundary between the two coincides approximately with the 
White Fish river. The 'immedt'cde contact was nowhere distinctly 
Been (168, 171). In passing "from the lower to the higher forma
tion, a mass of rather coarse grained greenstone was generally met 
with." Mr. Murray gives, with many doubts, an approximate sec
tion of the Huronian series (p. 172), from which the following 
statement (omitting interpolated trap beds) is condensed: 

6. Quartz)'te, white and very pale sea-green, with bEds of quartz 
conglomerate, the pebbles generally white opaque quartz, 
but sometimes red and green jasper. 

5. Green, silicious, chloritic slates, and bands of quartzyte. 
4. Slate conglomerate. 
3. A band of limestone, much disturbed, often brecciated, pale 

whitish gray to dark blue. 
2. Slate conglomerate, matrix always greenish, sometimes slaty, 

sometimes resembling a massive, fine grained greenstone; 
with many peJ?bles of white and red syenite, and occa
sional rounded masses of green, brown and red jasper. 

1. Slate, fine grained, green, silicious with thin bands of green 
quartzyte; also, fine grained slates, sometimes greenish, 
often bluish or black, weathering very black; occasionally 
some layers of a reddish color. 

The total thickness is supposed to be about 10,000 feet (p. 186). 
The dips ot the rocks of this series are generally under 45°, 'but 

they locally vary from horizontal to 90°. The strikes vary from 
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east northeast to west northwest. It appears to be a region of gen
eral disturbance. "An immense mass fA magnetic trap" was found 
on Wbite Fish lake. This is about midway between lake Wah
napitoo and island La Cloche in lake Huron, this, according to 
Hunt's analysis, contains" magnetic iron ore," magnetic iron py
rites" and "titaniferous iron." These facts remind one of the 
titaniferous and magnetic gabbro of northeastern Minnesota· 
Limestones are seen on the shore of lake Panache (p. 183). The 
eastern extremity of the La Cloche mountains is in a white or 
greenish quartzyte (p. 185). 

Director Logan's report dated 3d March, 1857, after summarizing 
the work of Mr. Murray for the last five years, proceeds to trace 
the limestone beds of the" Laurentian Formation" in the neighbor
hood of Grenville and the Calumet river. 

In a paper read before the American Association, in August, 
1857, '" by Sir William E. Logan" On the Division of the Azoic 
Rocks of Canada, into Huronian and Llurentian," he speaks of 
them confidently as "a series of very ancient sedimentary deposits 
in an altered condition." He refers to bis suggestion of 1845, to 
separate tbe purely gneissoid portion from the portion consisting 
of interstratified gneisses and limestones, but says the evidence 
(}oes not permit him to decide certainly which division is most 
ancient. 

He next refers to wbat was published in the report of 1845, rela
tive to the rocks on lake Temiscaming, consisting of silicious slates 
and slate conglomerates, overlaid by pale sea-green or slightly 
greenish-white sandstone, with quartzose conglomerates. 'fhe 
slate conglomerates are described as holding pebbles and bowlders 
(sometimes a foot in diameter) derived from the subjacent gneiss, 
the bowlders displaying red feldspar, translucent quartz, green 
hornblende and black mica, arranged in parallel layers which pre
sent directions according with the attitude in which the bowlders 
were accidentally inclosed. From this it is evident that the slate 
conglomerate was not deposited until the subjacent formation had 
been converted into gneiss, and very probably greatly disturbed; 
for while the dip of the gneiss, up to the immediate vicinity of the 
slate conglomerate, was usually at high angles, that of the latter 
(}id not exceed nine degrees, and the sandstone above it was nearly 
horizontal. " 

"In the Report transmitted to the Canadian Government in 11;48, 
on the north shore of Lake Huron, similar rocks are described as 

'" Proc. Amer. Assoc. Adu. Sci .. 1857, IT, pp. 44-47. 
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constituting the group which is renddred of such economic import
ance from its association with copper lodes. This group consists 
of the same silicious slate and slate conglomerates, holding pebbles 
of syenite instead of gneiss; similar sandstones [quartzites?] some
times showing ripple marks, some of the sandstones [quartzites?] 
pale-red green, and similar quartzose conglomerates, in which 
blood-red jasper pebbles become largely mingled with those of 
white quartz, and in great mountain masses predominate over 
them. But the series is here much intersected and interstratified 
with greenstone trap, which was not observed on Lake Temiscam
ing. These rocks are traced along the north shore of Lake Huron 
from the vicinity of the Sault Ste Marie, for 120 miles east." Sir 
William Logan continues, and indicates the existence of the same 
formation northeastward 130 miles farther, and as far as the 
Sturgeon river. The general bearing is northeast, and the dip 
appears to be almost northwest. 

It would be erroneous to suppose that director Logan intended, 
in' the foregoing citation, to say that the gneiss is immediately 
"subjacent" to the slate conglomerate containing gneissic ~pebbles. 
No contact between the slate conglomerate and the subjacent 
gneiss had been reported and it was impossible to affirm that the 
formation here described was chronologically successive to the 
gneiss. 

"The group on Lake Huron," he continues, "we have computed 
to be about ten thousand feet thick, and from its volume, its dis
tinct lithological character, its clearly marked date postflrior to the 
gneiss, and its fConomic importance as a copper-bearing forma
tion, it appears to me to require a distinct appellation, and a sep
arate color on the map. Indeed, the investigation of Canadian 
geology could not be conveniently carried on without it. We have, 
in consequence, given to the series, the title of Huronian." 

"A distinctive name being given to this portion of the Azoic rock, 
renders it necessary to apply one to the remaining portion. The 
only local one that would be appropriate in Canada is that derived 
from the Laurentide range of Mountains, which are compobed of it 
from Lake Huron to Labrador. We have therefore designated it 
as the Laurentian series. * 

Thus a new meaning was given to the term ".Laurentian series," 
which. since 1854.. had included all the Azoic rocks. 

At the same meeting of the American Association, Sir William 
Logan read a papAl', "On the probable subdivision of the Lauren-

*See also. O(!lwdian Jutt-rna,l, 1857. ii. 430-442; Oanadian N(M.lLI·(tU~t (tnd Geoloaist. 1857. ii, 
255-258. 
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tian series of rocks in Canada."* He described two beds of lime
stone which he had traced in the t.)wnship of Grenville, on the 
Ottawa, running N. N. E., with indications that they belong to op
posite sides of an overturned synclinal, with anticlinals of gneiss 
and quartz running parallel on the north and the south. A feat
ure of these Jtnd other outcrops of limestone "is the occurrence im
mediately near the limestones, of immense masses of lime-feld
spar. North of the Argenteuil band, eight miles examined across 
the stratification, consist almost entirely of it, in the form of 
Labradorite. Lime-feldspar is abundant at St .. Jerome, and 
its stratified character is conspicuously displayed-the beds run
ning parallel with the limestone. Mr. Hunt has traced a band of 
crystalline limestone for eleven miles, funning diagonally across 
the township of Rawdon, in a north bearing. On the west side of 
this, lime-feldspar forms the great bulk of the rock exposures for 
twelve, miles across the measures, and shows a well marked strati
fication." 

"In Chateau Richer, below Quebec, a band of limestone occurs 
about a mile from the fossiliferous deposits, and to the northwest 
of it, lime feldspars present a breadth of eight miles. On an 
island near Parry's Sound, Oll Lake Huron, Dr. Bigsby observed 
the occurrence, in situ, of the opalescent variety of Labradorite, 
and the name of the mineral reminds us of the existence of the 
rock beyond the eastern end of the Province. It thus appears 
probable that a range of the rock will be found winding irregularly 
from one end of the Province to the other, of sufficient importance 
to authorize its representation by a distinct color on the map, and 
a distinct designation in geological nomenclature." t 

1860. In a letter to M. Barrande, under date of December 31, 
1860,t Sir William Logan giveE' an exposition of the fauna of the 
Quebec group. Toward the end, he notes some recent observations 
which led him to qualify previous opinions in reference to the age 
of the Lake Superior sandstone: 

"Mr. Murray has this season ascertained that the lowest rock 
that is well characterized by its fossils, in the neighborhood of 
Sault Ste Marie, near Lake Superior, really hRlongs to the Birdseye 
and Black River group, and that it rests on the sandstone of Ste 
Marie and Lacloche, the fossiliferous beds at the latter place being 

*Proc. Amer. Assoc., 1857, Pt. II, 47-51; Ccmadi'tn JournaL 1858, II, iii. 1-5; Canad. Nat"r. 
1857, ii, 27()-274. 

tDr. J. J. Bigsby, nevertheless. has recorded the opinion that the Huronian and 
Laurentian systems are int;mately related in lithological character and conformable 
position. The reference being especially to the north shore of lake Superior (Quar' 
Jour. Geol. Soc .. 1863, xix. 36-52). 

;Canadian Natt/;/'atist and GeoLogi.st, v. 472-7. 
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tinged with th8 red color of the sandstone immediately below them. 
These underlying Lake Superior rocks may thus be Calciferous 
and Potsdam, and may be equivalent to the Quebec group and the 
black colored shales beneath. The Lake Superior group is the 
upper Copper-bearing series of that region [consisting of 3. Pots
dam; 2. Cupriferous; 1. "Slate conglomerates" etc., of lake Huron], 
and rests unconformably upon the lower Copper-bearing series, 
which is the Huronian system [as identified about Lake Superior] 

Professor Emmons has long maintained, on evidence that 
has been much disputed, that rocks in Vermont, which in June, 
1859, I for the first time saw and recognized as equivalent to the 
magnesian part of the Quebec group, are older than the Birdseye 
formation; the fossils which have this year been obtained at Quebec, 
pretty clearly demonstrate that in this he is right."* 

1863. No other record on the subject of pre-Silurian rocks ap
pears to have been made by Sir William Logan until the publica
tion of the Geology of Canada, in 1863. This convenient and 
copious synopsis of Canadian geology, has subsequently been cited 
for authority, instead of the original reports, and in consequence, 
geologists have fallen into some misunderstandings·"t 

"The rocks which compose the Laurentian mountains" writes 
Sir 'William Logan, ., were shown by the Geological Survey, in 
1846, to consist of a Eleries of metamorphic, sedimentary strata 
underlying the fossiliferous rocks of the province. They 
are altered to a highly crystalline condition. and are composed of 
highly feldspathic rocks, interstratified with important masses of 
limeston8 and quartzite. Great vertical thicknesses of the series 
are composed of gneiss containing chiefly orthoclase or potash 
feldspar, while other great portions are destitute of quartz, and 
composed chiefly of It lime-soda feldspar, varying in composition 
from andesine to anorthite, and associated with pyroxene or hyper
sthene. This rock we shall designate by the name of anorthosite." 

It can hardly be said that the survey established the conclusion 
that thes8 rocks were sedimentary in origin; but it pointed out 

'~~rhis remarkable adlllission is alluded to by M. BaTTande in these words "Terms 
so clear anfl possitive need no commentary. It is a fOl'mal recognition by Sir W. Logan 
of the Taconic- system at the base of the 10wN' Silurian. Professor Emmons could not 
wish the assent of a more respectable authority, which cannot fail to secure the adhe
siun of all American geologists (" Docurnens anciens et nOuveaux sur 1a faune pri
THordiale et Ie systerne Tuconique en AnH!ri<tue, Bull. Soc. geol. de France, Seance, de 
Fev. 4, 1861, p, 3:20), Sir William. nevertheless, saiel only that the shales and limestones 
of Quebec and Georgia are I{ubordinate to the Powda'Ul-a fOl'luutioll which Dr. Emmons 
never claiJned, though as we ha.ve seen. he consented to its inclusion in the Taconic. 

,_'1' Report 0/ PI'O(JrcBs /mm 'it.' Commencement to 1863. Illustrated by 498 wood cuts in the 
text, and aecompaniecl hy an atlas of ma]Js and sections. Montreal, lRlla. 8-vo, pp, 
xxvU x \).'13. 
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frequently, the eviuences of such an origin, and certainly caused 
it to appear probable. The anorthosite rock referrec1'to above in
cludes the belt of Labradorite described in 1857, which was made the 
ground of an" Upper Laurentian" or "Labradorian" division. Of 
this division nothing is said in the general report of 1863. Speak
ing of the orthoclase gneiss, the writer says: 

" A great portion of the rock is fine grained, and the constituent 
minerals are arranged in parallel layers; no one constituent pre
dominates in any layer, to the exclusion of others; but even in their 
subordinate arrangement, there is an observable tendency to paral
lelism. There is a never-failing constancy in respect to 
their parallelism which, however, though never absent, is some
times obscure." Coarse-grained beds of the character 
designated" granitoid gneiss," " might, on first inspection, be mis
taken for igneous, instead of altered sedimentary masses. Upon a 
careful study of any such mass, however, it will be perceived that 
this reticulated structure is aClcompanied by an obscure arrangement 
of the meshes of the net-work into parallel lines which will be 
found conformable with the more distinctly banded portion of the 
strata" (p. 23). 

" The greatest masses appear to be formed of the coarse-grained 
porphyroidal gneiss above described. These rise into the highest 
ridges and peaks of the orthoclase region, and generally constitute 
the main body of rock separating one important band of limestone 
from another. The quartz occasionally presents masses of 
considerable volume, two of which, nearly pure, occur in the dis
trict of the Rouge, a tributary of the Ottawa, one 400, and the 
other 600 feet thick. The hornblende often forms a massive rock; 
a band of it in Blythfield has a thickness of 200 feet. Mica, as
sociated with hornblende and with quartz, characterizes great 
thicknesses of hornblende and micaceous schists." 

"Though there does not appear to be any special order in which 
the masses succeed one another, beds of hornblende rock. and 
hornblendic schist seem often to be more abundant near the inter
stratified bands of limestona than elsewhere, and in the same 
neighborhood, there usually occurs a more frequent repetition of 
beds of quartzite than in other parts. Neal' the limestones, pyrox
ene, which in other parts does not appear to be very abundantly 
disseminated, is occasionally met with, forming massive beds" 
(p.24). 

The writer described the distribution of garnets in the gneiss, 
and of its passage, in one instance, into garnetiferous quartzite. 
The masses of limestone are described, sometimes becoming inter-

• 
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stratified dolomytes. Serrentine is found aSBociated with both. 
PyraHolite, or rensselaerite often accompanies limestone; and py
roxene and hornblende are sometimes found disseminated in grains 
or crystals. Tremolite forms beds in it. Mica and graphite are 
both generally present. Pyrites is more abundant. Other min
erals are chondrodite, apatite, fluorite and oxides of iron. The 
gneiss is sometimes greatly contorted, but the beds of associated 
limestone, even when very thin, are conformable with the beds of 
gneiss, and parallel with those bands and streaks with which they 
are marked (p. 27). One instance has been noted "where the 
limestone of a bed marked with grains of serpentine, appeared to 
have an uninterrupted connection with rock of an identical charac
ter filling up a crack or fault in the gneiss, at right angles to the 
general direction of the strata" (p. 28). 

In a section measured at the High Falls of the Madawaska, a 
tributary to the Ottawa, here presented as an average section, there 
are 48 alternations of beds, in a total thickness of 1351 feet. In 
these, limestones occur six times, giving an aggregate thickness of 
46 feet; quartzyte occurs once, in a bed ten feet thick; and "schis
tose gneiss" occurs five times, giving an aggregate thickness of 116 
feet. At a higher position in the series, is said to he a bed of 
limestone 100 feet thick. At the Chenaux, there is more limestone 
than gneiss-there being a thickness of over 400 feet, of which not 
one-fifth is intercalated gneiss; while in Clarendon, similar rocks 
reveal "a thickness of 4000 feet, about two-thirds of which consists 
of crystalline limestone" (p. 31). 

Another phenomenon of collateral interest, is thus pointed out: 
"Notwithstanding the general highly crystalline condition of the 

Laurentian rocks, beds of an unmistakably conglomerate character 
are occasionally met with among them. On the twenty
fourth lot of the tenth range of Bastarrl, a bed of conglomerate 
is interstratified bE>tween two beds of limestone. The dip of the 
strata at the spot is 30°, N. 50° E." The following is a condensed 
section: 

7. Limestone, white, coarse ........................ . 
6. Limestone, arenaceous, fine, very hard ........... . 
5. Sandstone, calcareous, fine ....................... . 
4. Conglornerate, the matrix a fine grained, quartzose 

sandstone somewhat calcareous, with white feld
spar in grains and pebbles. Pebbles fiat, lying 
on their sides ................................ . 

3. Quartzite, calcdreous-granular, with calcite ..... " 
2. Quartzite, coarse, translucent-granular, with feld-

spar and limf'stone ..... _ ...................... . 
1. Limestone, white, coarse, with graphite and mica .. 

Feet. Inches. 
6 

4 
2 

1 6 
2 

4 
5 
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In Madoc, conglomerate occurs again, with calcareous matter; 
and in a higher position is a ridge "consisting of micaceous schists, 
beyond which, for 300 yards, ridges of a decided conglomerate, 
with distinctly rounded pebbles, enveloped in a matrix of micace
ous schist, alternate with ridges of schist containing few or no 
pebbles."* 

"Still farther north, another band of conglomerate occurs, as
sociated with fine grained, soft, micaceo-silicious, feldspathic schist. 
The matrix of the conglomerate weathers white, and appears to be 
a dolomite. The p~bbles, of which the largest may be six inches 
in diameter, are chiefly quartz, but there are also, peb':>les or mas
ses of feldspar, and a few of calc-spar. The quartz pebbles are for 
the most part, distinctl y rounded, and their colors various, some being 
internally bluish, some white, and others pinkish. The feldspar is 
red and white, and the calcspar white. The dip of the rocks 
appears to be southward of east, but the slope is irregular, and 
may probably be 35° or 40°" (p. 33.)t 

The anorthosite rocks are fully described. Their bedding is 
very obscure, but they occur in belts conformable with the lime
stones and the orthoclase gneisses. The hypersthene rock of north
ern New York, and of the Isle of Skye, are pronounced of the 
same character. Near Bay Saint Paul, is a mass of titaniferous 
iron ore in the anorthosite, 90 feet in width, by about 300 feet in 
length (p. ~5.) 

The following is a synopsis of a general section across a portion 
of the Laurentian (p. 45: ) 

Feet. 
10. Anorthosite above the Morin limestone (eonjeet-

tural) ........................................ 10,oro 
9. Orthoclase gneiss (and a band of quartz)..... .... 3,400 
8. Proet,or's Lake limestone.... .. ... .............. 20 
7. Orthoclase gneiss... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1,580 
6. Grenville limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 
5. Orthoclase gneiss ............... - ......... '" . . . 3,500 
4. Great Beaver Lake and Green Lake limestone. ... 2,590 
3. Orthoclase gneiss.... . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,000 
2. Trembling Lake limestone .......... , . . . . . . .. . . .. 1,500 
1. Orthoclase gneiss of Trembling Mountain...... .. 5,000 

32,750 

*Mr. Macfarlane subsequenUy describing these conglomerates, says they are 
"lithologically not unlike some of the Huronian rock." Whereupon. Sir W. E. Logan. 
in a note replies: "It is not to be inferred from the presence in them of a schistose 
conglomerate, that therefore, they are Huronian" (Geology at Canada, 1866, p. 93.) 

tSir William Logan never omits mention of these conglomerates, when having oc
casion to furnish a synopsis of the Laurentian. See, fO!' instance, his announcement 
of organic traces (QUal/'. Jour. GeoL Soc. Lond., Feb. 1865.) 
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In reference to the Huronian series, Sir William Logan makes 
statements from which the following extracts are drawn (p. 90:) 

"On Lake Temiscaming, the. Laurentian orthoclase gneiss is 
followed by a slate conglomerate. The finer parts of the rock are 
dark gray, weathering to dark green; they are of a uniform grain, 
and, being at the same time, argillaceous and silicious, they pres
ent the characters of a hard compact slate. Some parts not so fine 
in texture, are a hard, dark gray sandstone weathering to a dingy 
olive green. In both cases, the rock frequenUy exhibits the char
acter of a compact conglomerate, holding pebbles and bowlders, 
sometimes a foot in diamater, of the subjacent gneiss, from which 
they appear to be principally derived."* 

Some other conditions of the formation are described as finer 
textured, penciled in transverse fracture by fine colored lines; an
other as a "very cl08e grained, compact, dark gray mica slate. 
When cleavage exists, the planes cut the pebbles in common with 
the matrix." It is never fit for roofing slates. To this slate conglom
erate succeeds a quartzyte, apparently 400 to 500 feet thick. 

"On the Sturgeon, Wahnapibe and Whitefish rivers, there is 
usually interposefi between the Laurentian gneiss and the recog
nized Huronian rocks, H, mass of rather coarse grained gree'nstone 
or diorite." 

The general section in the region of these three rivers, north
east of lake Huron, and stretching to lake Wahnapihe-is repre
sented by the following abstract (p. 52): 

5. Quartzite, white and greenish, with beds of quartz conglom-
m·ate. 

4. Slate conglomerate. 
3. Limestone, much shattered and disturbed. 
2. Slate conglomerate. 
1. Silicious strata, fine grained, with greenish quartzite inter

stratified. 
In the region nearer lake HufO'}, and along the northern shore 

westward, lies the typical part of the Huronian. As to its relations 
with the Laurentian, we have from the Canadian geologists, only 
the following information (p. 55): 

"On the coast line, between the Mississagui and the Thessalon 
rivers, a distance of about 25 miles, the gneiss extends from within 

*Bnt it will be l'l'Hl8J1lhe.red that no "out-act hetweon these so-called conglolllerates 
a,uel t,be oldel' p;lIeisses had been nl1seJ'v8<1: llorhas it to this day. Nor. if such observa
tiOIl httd heen lllade, would the eil'eUlllstunee prove these "conglomerates" in inlnledi
a.te ehronological succession to the gneiss. Palmozoie lirnestones wel'e frequently ou
~l'J'\'ed re.sting all gllei~s. in the Pl'ogl'C1"S of the Canadian sUl'vey. The pebbles in this 
{'ollg'lollleratp Tnay h(-l.,vo heen dorived f1'OTH the gneiss, and laid dowll on the g'nej~s. 
aft\'I' t,I\(' lutC'l'!)OKitioli of tllp C'V(,fltK of a gt'o}og-ie :tge of lal1d hlstorv. 
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about four miles of the former, to within about the same distance 
of the latter; but, it is very much disturbed by intrusive graniteancl 
greenstone, and although there are great exposures of rock, it is 
very difficult to make out how the stratified portions are related to 
one another. The gneiss extends to the vicinity of a small stream, 
about a mile and a half above Les Grandes Sables, and what is 
supposed to be the lowest Huronian mass of that part, occurs 
about half a mile above the stream. It consists of a gray quartzite 
which abuts qgainst one mass of gneiss and 1'uns unde1' another, 
and appears to be much broken by, and entangled among, the in
trusive rock; but judging from a transverse measure in one part, 
its thickness would not be far from 50) feet. Farther west, after 
passing an exposure of stratified amygdaloidal trap, which would 
apparentlvoverlie the [this] quartzite, the rocks for about two 
miles east of the Thessalon, appear to consist of green, fine grained 
chloritic and epidotic slate ["diabase slate"] alternating with 
masses that have the aspect of trap." 

The following is an abstract of the general section in this region 
(pp.55-7): 

Feet. 
la. White quartzite. . . . . . .. .. .. .. .... .... . . . . . . . . .. .. 400 
12. Yellowish chert and impure limestone..... . ... .... 200 
11. White quartzite, frequently vitreous .............. 1,500 
10. Yellowish chert, with thin and very regular beds. . 400 
9. White quartzite, frequently vitreous .............. 2,970 
8. Red jasper conglomerates. Sometimes fine white 

quartzite. Greenstones intercalated. . . . . . . . .. 2,150 
7. Red quartzite with interstratified greenstones ..... 2,300 
6. Slate conglomerate with interstratified greenstones 3,000 
5. Limestone, compact, green, drab or gray,thin bedded 300 
4. Slate conglomerate [as previously described].. . . . .. 1,280 
3. White quartzite, sometimes pebbly. . . . . . . . . . . . . .. 1,000 
2. Chloritic and epidotic slates [probably eruptive] ... 2,000 
1. Gray quartzite, thickness doubtful. . . . . . . . . . . . . . . . 500 

18,OO() 

It will be desirable to contemplate the above section separately 
from the section of .. Huronian" rocks reported from the north shore 
of lake Superior. It is quite possible that the two sections relate 
to rocks belonging to different geological ages. 

" On lake Superior, the La~rentian gneiss is succeeded by slates 
generally of a dark green without, and often of dark gray in fresh 
fracture, which at the base appear occasionally to be interstratified 
with beds of a feldspathic character, of the reddish cobr belonging 
to the subjacent gneiss. Sometimes these beds are a combination 

-10 
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of feldspar and quartz, occasionally with the addition of hornblende 
and, in some of the beds, the hornblende predominating, gives 
them a general green color. Some of the beds have the character 
of diorite; others, that of mica slate, and a few present that of 
quartzite" (p. 52). 

These SRem to be identical with the lowest rocks of the iron
bearing series of Vermilion lake, a part of Lawson's Keewatin. 
They exhibit the well-known transition from Laurentian gneiss to 
crystalline schists. The mica schist is "nascent." 

" Rising in the series, the dark green slates become interstratified 
with layers holding a sufficient nu,nber of pebbles of different 
kinds, to constitute conglomerates. The pebbles appear to be all 
derived from altered rocks; they greatly vary in r:;ize in different 
places, and ocellsionally measure a foot in diameter. Where the 
slate conglomerates have been worn by the action of water, the 
pebbles are generally worn down equally with the rest of the surface; 
and though a very distinct picture of them is presented on such a 
surface, where the water or weather appears to have had an influ
ence in bringing out a well defined contrast in colors between the 
pebbles and the slate, at the same time producing a contrast be
tween parallel bands of the Elate on the terminal edges of the 
lamimB, it yet often happens, ~nless the pebbles are of white 
quartz, that they are very obscurely distinguishable on fracturing 
the rock - both the pebbles and the matrix having a gray color, 
and showing very little apparent difference in mineral character. 
Un some of these pictured surfaces, small opaque, white feldspathic 
crystals occasionally spot the whole surface of the rock - the peb
bles equally with the slaty matrix. The rock has nowhere on the 
lake been observed to display true slaty cleavage, independent of 
the bedding; but it often exhibits a jointed structure, and the di
visional planes cut through the pebbles without the smallest deflec
tion."* (pp. 52 and 53). 

It is impossible to identify this description with the description 
of the Huronian rocks north of lake Huron. There are some cir
cumstances which readily explain the course taken by the Oanadian 
geologists, but the identification made as early as 1848, has perpet
uated misconceptions, and bred unintelligible confusion. I have 
some confidence that we may be near the soiution of the puzzle. 

* The whole of the above description applies exactly to the lower part of the" Ogish
ke Oonglon181'ate," on the shores of Ogishke Muncie or Kingfisher lake, in Minnesota, 
,eighty miles west of Thunder bay. I shall return in the sequel, to a discussion of this 
identification. The stratigraphical positlon of the" Ogishke Conglomerate" has been 
in doubt; but if this parallelism is correct, it belongs near the bottom of the Vermil
lon la.ke il'on-beu}'ing schists. 
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The same basal slaty conglomerate occurs at other points along 
the north shore. 

" A considerable thickness of these conglomerate or pebbly slates, 
is exposed at the mouth of the river Dore, near Gros Cap, about 
five miles above the mouth of the Michipicoten river. The strike 
Qf the rock is very regular, being about east and west, while the 
dip is highly inclined, the bed;; being not more than from ten to 
fifteen degrees from a vedical attitude; but the slope is for part of 
the distance, to the north, and for the remainder, to the south; 
there is not; however, supposed to be any repetition of the mea
sures, which are given in descending order" (p. 53). 

21. Green slate rook, with a few soattered pebbles 
through some parts of it, in other p!irts oon
glomeratio; the sedimentary layers not distinotly 
marked; rook with a jointed struoture; joints 

Feet. 

outting straight through the pebbles.. . . . . . . . . . . 40 
20. Green pebbly slate; edges of laminoo well marked, 

produoing a ribboned appearanoe; pebbles ohiefly 
gneiss, granite or syenite....... .......... ...... 300 

19. Green slate rook similar to 20 and 21.. . . . . . . . . . . . . 550 
lB. Green pebbly slate.. . . . . .. . ... . . . . . . . . . . . . . . . . . . . 170 
17. Measures oovered by sand....... ... .............. 90 
16. Green slaty oonglomerate, with large pebbles of 

igneous or altered rook.. . . . . . . . . . . . . . . . . . . . . . . . 15 
15. Green slate rook with many pebbles.. . . . . . . . . .. . . 30 
14. Green slate with finer pebbles...... . . . . .. . . • . . . . . 40 
13. Green slate rook, with soattered, large pebbles.. . . 10 
12. Green slate rook, like 13. .. . .... . . . . . . . . . . . . . . . . .. 130 
11. Green slate oonglomerate, with boulders sometimes 

a foot in diameter, in a slaty matrix.. . . . . . . . .. . . 5 
10. Measures oonoealed by sand. . . . . . . . . . .. . . . . . . . . . . 30 

9. Green slate rock with many pebbles. . .. . . .... . . . . 30 
B. Green sl.tte rook with pebbles. ... . . . .. . .. .... .... 30 
7. Measures oonoealed by sand. . . . . . . . . . . .. ........ 20 
K Green slate rook, very pebbly, sedimentary layers 

finely waved, water worn surface muoh pitted... 30 
5. Green slate rook, bedding very even, appears to be 

somewhat taloose toward the top. . . .. . . . . . . . . . . 20 
4. Green slate rook like 5. . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
3. Green slate rook with even bedding. slightly unotu-

ous and talooid in several of the divisions. . . . . . . 20 
2. Green slate rook, a few soattered p~bbles in pa:.:ts, 

flattened in direotion of the strata .... '" . . . . . . . 90 
1. Green slate rook with large pebbles and small 

boulders of granite or gneiss, quartz and aohert-
like stone (p. 54). .... . . .. .. . . . . .. .. .. .. .. .... .. 35 

1,700 
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The foregoing section is almost a continuous "slate conglome
rate," or pebbly slate, and but for the so-called" talcose" matter. 
might hastily be identified with the slate conglomerate of the Thes
salon valley. But, as will be shown, it is a different slate. The 
descriptions again apply to the Ogishke conglomerate. In Minne
sota, this conglomerate is only one member of the iron-bearing 
series. In accordance with that fact, Sir William Logan adds: 

" At the DOI'e, a much larger amount of the slate formation than 
is here given comes in behind the preceding section; but it was so 
covered with trees and moss, at the time of the examination, that 
it wes found impossible to follow out the details. Toward the
lower part, it assumes more the eha'raeter of the gneiss which 
usually succeeds it, and becomes interstratified with reddish-yellow 
feldspathic layers; but sufficient data have not yet been ascertained 
to determine what may be the total thickness of the slate rock in 
this part, though it must probably attain several thousand feet ,. 
(p. 54). 

Other localities on lake Superior where slate conglomerates and 
jasper conglomerates occupy a similar position, are between the 
Goulais river and Batchewahnung bay. The same seem to extend 
along the shore of the Michipicoten river, on each side. eight or 
nine miles. It occurs also, a little farther west on the coast, and 
again about five miles south of Otter Head (p. 63). 

"Another locality is Thunder bay, where they occupy the coast 
for a distance of ten miles, immediately below the mouth of the 
Kaministiquia river, on the north side, leaning in a narrow strip 
against the gneiss of the lower series. It is not improbable that 
they may present a narrow belt in the valley of the Kaministiquia 
They occupy the coast fOl about seven miles on each side of the 
New Pic river; while an interval from this to a point two miles be
yond the Old Pic river, including the coast of Peninsula Bay and 
Harbor, and Pic island, is composed of trap. Beyond this, the 
chloritic slates occupy about fifteen miles of the coast, extending to
the neighborhood of the deep cove which receives the Pike river" 
(p. 64). 

A characteristic feature of the Keewatin iron-bearing series is 
indicated in the description of the junction of these rocks with the 
gneiss on the Kaministiquia river, in the vicinity of the Grand 
Falls: 

"At the lower end of the portage, where the series makes its ap
pearance, the rock resembles a massive syenite, in some parts red, 
and in others, whitish, but is probably a hornblendic gneiss in 
which the lamellar arrangement of the constituent minerals is 
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obscure, as the rock gradually passes into such a gneiss. Resting 
on it conformably, there occurs a series of dark greenish blue, or 
greenish black slates, the one rock passing almost imperceptibly 
into the other. At each rapid part of the river above the 
Grand Falls, there is a greater or less development of these rocks, 
most frequently presenting the more distinctly stratified partof the 
gneiss. rfhe best exposure of the slate is at the Three Discharges, 
about four miles above the Grand Falls, where the rocks are ob
served to pass from the gneiss to the slate." The vertical thickness 
at this place is about 2,300 feet. 

"Toward the bottom, near the junction with the gneiss, the slates 
are of a bluish and occasionally of a brownish color. They are 
intersected by numerous parallel joints which divide the mass 
into rhomboidal forms of singular regularity. The middle and 
upper portions of the section are usually of a pi:!tachio green, re
sembling the green of epidote, and frequently in part present a 
jaspery character. They are hard and compact, usually with a 
conchoidal, but sometimes with a splintery fracture. The divisional 
planes are frequently ('overed with mtca, and in such cases, the 
rock may almost be termed a mica slate" (p.65). Similar rocks 
continue as far as Dog lake. 

The foregoing description applies perfectly to the passage from 
the iron-bearing formation to the gneisses, as observed in a hun
dred places in northeastern Minnesota. No stmctural unconform
ity exists, as a fact of present ob.3ervation. It is not intended to 
assert, however, that it never existed. 

The schists observed along the north shore of lake Huron, in 
which the Bruce and Wellington and vVallace mines were worked, 
,constitute Logan's "Lower Oopper-bearing series." As these were 
identified with the series of slates j llst described. they were also 
made to represent the Lower Oopper-be,ll'ing series. Neither series 
could be identified with the copper rocks of the south shore of 
lake Superior. But as those rocks were observed on the north 
,shore at a higher stratigraphic level,' they were demoninated by 
Logan the "Upper Oopper-bearing rocks." But in thus fixing par
,allelisms, he strangely overlooked the importance of a series 
'between the proper Ollpriferous rocks above and the pselldo-Ollprif
erous rocks below. These were the real Lower Oopper-bearing 
rocks, though Logan joined them to the Upper, or south ohare 
Oupriferous. His treatment of the so-called "Upper 0 llpriferollg 
rocks" will appear from a few extracts. 

"The Huronian formation of Lake Superior [the real iron-bear
ing series] is unconformably overlaid by a second series of copper-
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bearing rocks, which may be conveniently divided into two groups. 
Of these the lower consists of bluiEh slates or 8hales interstratified 
with sandstones and beds of columnar trap; and the upper, of a. 
succession of sandstones, limestones, indurated marls and conglom
erates, also interstratified with trap which is often amygdaloidal" 
(p.67). 

The following is a characterization of the lower group of the 
Upper Copper. bearing series, (r. 67): 

"The base of the formation where seen in Thunder Bay, in con
tact with the sut'jacent green slates or slate conglomeFate8, presents 
conglomerate beds probably of no great thickness, composed chiefly 
of quartz pebbles, with a few of red jasper, and some of 
greenish, chloritic slate, in a greenish, arenaceous matrix, 
consisting of the same materials in a finer condition. These 
are followed by a Eet of very regular, even layers of chert, 
sometimes approaching a chalcedony, varying in color from 
nearly white, through different shades of gray to black, and in 
thickness, from less than half an inch to six inches, and even a foot. 
These are separated from one another by thin layers of dark gray 
dolomite, weathering rusty-red and present a striking ribbon-like 
appearance. Occasionally, thicker beds of dolomite occur, some~ 
times higbly elystalline, separating aggregated bands oBhe ribbon
like strata; and tbese dolomitic beds, as well as the chert bands, 
are sometimes interstratified wHh argillaceous layers" (p. 67). 

"In the vicinity of disturbed parts, the chert sometimes passes 
into cbalcedony and agate, and small cracks are filled with wbat 
appears to be antbracite. Some of the chert bands appear to be 
made up of a multitude of minute, irregular, closely aggregated, 
sub-globular bodies, floating as it were, in the silicious matrix. 
Anthracite seems to be present in the centre of some of these, lead
ing to the supposition that tbe color of the black chert, even where 
these shapes are not detected, may be owing to tbe presence ofi' 
carbon. In some parts of these otllitic chert layers, small blood
red jasper spots occftsionally become interstratified with the 
black. . 

"Higber in the formation, argillaceous slates become interstrati
fied with argillaceous sandstones in such an ealterd condition that 
it is often difficult, at first sight, to say whether the latter may no~ 
be trap layers. . . In some parts of the vertical thickness, cal
careous layers are occasionally interstratified among the slates, but 
few of them are pure enough to be entitled to the appellation of 
limestones. "On the Kaministiquia, the lowest part of the 
formation occurs near Grand Falls. Its immediate junction with 
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the rock on which it rests is concealed from view. . The ar
gillaceous strata visibly reach to within a short distance of the 
pond [in which the junction is supposed'to occur] (p. 68). 

"The general color of the rock is here black, weathering to a 
rusty brown. Some of the beds being soft and shaly, are easily 
deoomposed by atmospheric influences, while the mass is, for the 
most part, a hard argillaceous slate. The whole formation appears 
to be more or less calcareous, and among the lower members, thin 
beds of magnesian limestone occur, sometimes alternating with 
thin beds of black chert" (p 68-9). 

"In 'fhunder bay, and on the coast above it, trap bands, conform
able with the stratification, are interstratified in several parts of 
the formation, but they occur in greatest thickness toward the 
bottom, not far above the chert-beds, and at the summit, overlying 
the whole of the mass ... In all cases, the trap presents a very strik
ing sub-columnar stru ')ture at right-angles to the plane of the strati
fication; and the crowning overflow gives a peculiar aapect to the 
whole region occupied by the formation to which it belongs. The 
overflow is from 200 to 300 feet thick, and the whole of the associ
ated rocks. to the base of the formation, may possess a volume of 
between 1,500and 2,000 feet." (pp. 69, 70). 

The foregoing is a good description of the black slates 
and the slate-conglomerate of the so-called Huronian series 
north of lake Huron. In the latter region. columnar trap' 
(or gabbro) doe8not constitute a persistent "crowning overflow", as 
far as the descriptions given by the survey indicate, but interbed
ded traps are present, and the lithological characters of the form
ation-the black shale, the chbrty and flinty layers, the oolitic 
structure, the even beds, the proximate horizontality-and no other 
known formation about lake Superior presents any close resem
blance to the Huronian strata. These black slates of Thunder bay, 
moreover, are now known to exte_Jd westward into Minnesota, and 
to overlie unconformably a mass of vertical, sub-crystalline schists 
in the same manner as at Thunder bay. 

As to the upper group of the Upper Copper-bearing series, little 
needs to be said her~, as this is the well known Cupriferous series 
of the south shore, consisting chiefly of intercalated beds of sand
stone, conglomerate and trap, with occasional beds of limestone, 
and attaining an aggregate thickness of 6,000 to 10,000 feet. The 
trap is often amygdaloidal, and native copper occurs in irregular 
grains and stringa and masses up to ten pounds in weight. Sir 
William Logan's discussion of this formation does not possess 
theoretical significance. 
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In an appendix to the report of 1863, Sir William Logan states 
that ''the Taconic system of Emmons, which he supposed to be a 
distinct series of rocks more ancient than the Potsdam, appears to 
consist, for the greater part at least, of the strata of thA Potsdam 
and Quebec groups. The Upper Copper-bearing rocks of lake 
SupErior are regarded as occupying the position of the Quebec 
group, to which they bear some resemblance in lithological and 
mineralogical characters. They may, perhaps, include the Pots
dam group."* [Compare thE' views of Foster and Whitney.] 

The following is a summary of Sir William Logan's successive 
views on the classification of the Azoic rocks of Canada: 

DIVISIONS OF ARCH1E~N ROCKS ~~~~OGNIZED BY LOGAN'I <PUBLICATION • 

........................ .. Met,L!IlOrpillC So les ........................... 1840. 
Lower Group. I Upper Group (Lake Sup). 11846. 
Gneiss, Mica slate. I Quartz l'Oek, etc. 1847 . 
............... .. . Granitic 01' Metamorphic. Group .................... (1848) 1850 . 
................ .. Metamorphic or Gneissoid Group .................. (1849) 1850. 

ii;"';;'ss: 'etc:" .......... Metamorphliga~b~WL·I;.···· ................... ·lffl.Ji) 1852 . 

...... .... .... ........ ... Laurentian Series .......................... '1(1~52) 1854. 
Laurentian Formation. I Hnronian Series (Murray). (1853-7) 1857. 
Laurentian I Upper LaurentirLll, I 18">7 

I 01' J.,abl'adorian. I Huronian. 51 .. 
Lalll·0ntian. I HUl'Onian. I Upper Copper-I 

I (Lower. Cop- I bearing rocks. I (1863). 
per beal'Ing ) r 

I rocks.) I ) 
I I Upper Copper-I 
I Huronian I hem'ing rocks'l 
I Series. I 
I I (Quebec group) f 1866. 

I I Lower I Upper 
I group group"-'-______ _ 

Laurentian S('.l'ie~. 

NOTE.-Dates of presentatioll of reports arc placed in parentheses. 

One of the important features of the volume on the Geology of 
Canada, 1863, was the introduction of the "Quebec Group," sup
posed to be a group of strata occupying a position between the 
chal acteristic part of the Calciferous and the Hudson River shales, 
and specially investigated in the vicinity of Quebec. Sir William 
Logan was so good a physical geologist that when he had given his 
sanction to the proposal, a strong predisposition was given to 
American opinion. Thus the Quebec group had the sanction of 
<Tames Hall, E. Billings and T. S. Hunt, and found admission to the 
second edition of Dana's "Manual of Geology." We have seen, 
however, what misgivings on the subject were entertained by pro
fessor Hall, and how he permitted his respect for Sir William 
Logan to compromise his own paJreontological convictions. The 
"Group" remained a stumbling-block and an enigma in American 
geology until, failing in prestige during the last decade, it received 
its final coup de grace at the hands of the Survey itself, in 1889.t 

*Geology of Canada, 1863, p. 934. 
1'Second Report on the Geology of a portion of the Province of Quebec. R. W. Ells. 

Gleo!. Sur. Canada, AnnuC/.l Report. 1887-88. Montreal 1889. 
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It would be profitless to pursue the history of an opinion which 
has already lost its hold on credence, even if were the purpose of 
the present memoir to deal with discussions exclusively palmonto
logical. But the rocks have been, in some regions, so confounded 
with those of the so-sty led Taconic, that the investigation of the 
latter involves a review of opinion on the former. For the con
venience of the student, therefore, the titles of the principal papers 
bearing on the discussion, art!) here appendedf:-

*1861. Logan, Sir W. E. 
In "Correspondence of .ToaehiIll Bal't'rl.nde. Sir \'Villian1 Logan a.nd JameB- Hal1. 

on the Taconic Systeril, and the Ago of t,he Fossils found in the Rock of 
northern New England a.nd the Quebec. Gronp of Hocks." A'lner .. Jour. Be-i. 

II, xxxi. 210-226. 
1862. Logan. W. E. 

Determiuation of Age of Quebeu Roeks ... :imcl' .. four. Sd .. II, xxxiii, 105-G. 
1862. Logan. W. E. 

Oonsiderations relating to the Quebec Gronp and tho Upper Copper-bearing 
Rocks of Lake Superior (Read before Montreal Nat. lUst. f'oc.), Amer. JOt"r. 
Sci., II, xxxiii. :{:lO-o2'j. 

1863. Logau. W. E. 
The Quebec Group. GcoloO!J oj O,,'W(/(,. 1803, pp. ~2.;-3117. 

1863. Logan, Sir W. E. 
Letter aeldressed to M1". Joachim BaI'rande, on the Quebec Group at Point JAvis, 

l\Iontreal, pp. 1-14. Re.printeel. Amer, Jour. Sci., II. xxxvi, 366-:377. 
1866. Logan, i"ir W. E. 

The Quebec Group auel its Di visions. O,madcc Report. 1863-6, pp. i-G. 
1866. RiclHtrdson. James. 

Divisions of the Quehec GrouD. Oanaa. Rep., 186B-n, pp. 29-:-l4. 
1870. Richardson, James. 

Report on the South Shore below QuebeC' [Roeks of the Quebec Group]' Oarutl1. 
Rep .. 1866-1869, pp. llU-149. 

1873. Selwyn, A. R. C. 
Note of a PI elirninary Geological Reconnaissance froIll Lake Superior by the 

English and Winnipeg rivers to Fort Garry [Compared with Q'lebec]. Ganad. 
Rep. for 1872-3, pp. 8-18. 

1879. Selwyn, A. R. C. 
Report of Observations on the Snatigraphy of ttle Qllebec Group aud the Older 

Crystalline Rocks of Canacla. Oanad. Rep., 1877-8, A, pp. 1-15. 
1883. Adams. Frank D. 

Notes on the Microscopic Structure of sowe Rocks of the Quebec Group. Oanad. 
Rep .. 1880-82, A, pp. 8-2;). 

1887. Ells, R. W. 
Report on the Geology of a portion of the F.astern Townships of Quebec. Oamad. 
Rep. 2d SeI'. Vol. II, 18rj6, .T, pp. 1-70. 

1888. Ells, R. W. 
Second Report on the Geology 'Jf a portion of the Province of Quebec. Oan(/,(l. 

Rep. 1887-8, Vol. Ill, Pt. i. K. pp. 1-120. 
1890. Ells, R. W. 

The St.r"tigr~tpby of the Quebec GrollP BIlll. Geul. Soc. Amer., 1. 45:)-468. 
1890. Brainerd, Ezra and Henry M. Seely. 

The Calciferous Formation in the Champlain Vallpy. With a Supp~ement On 
t.he Fort Cassin Rocks and their Fauna. By R. P. Whit.field. Bull. Geol. Soc· 
AmcT., I, 501-516. 

1890. Walcott., C. D. 
A review of Dr. R. W. Ells' Second Report on the Geology of" Portion of the 

Province of Qnebec, with Additional Notes on the "Quebec Group." [His
tory of Views] Amer. Jow-. SC"i., III., xxxix, 101-115. 

1890. Hunt, T. Sterry. 
The Geological History of the Quebec Group. Ameriwn GeologM, Vol. iv, p.212. 

See, also, the references on the Taconic System, many of which bear on the Quebec 
Group, 
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JOSIAH D. WHITNEY. 

1847. Josiah D. Whitney and Joseph W. Foster were assistants, 
in 184'f, of Dr. C. T. Jackson in his survey of the "mineral lands" 
of lake Superior; and Mr. Whitney continued in the same capacity 
in 1848. In 1849 and 1850, Messrs. Foster and Whitney succeed
ed Dr. Jackson, and their Annual Report is dated Boston, Nov. 5, 
1849. Mr. Whitney's observations in 1847, were restricted to the 
copper-bearing rocks, mostly of the Ontonagon district, and he 
had no occasion to introduce ganeral views in his report; but a 
part of Mr. Foster's notes relate to a traverse from lake Superior 
over the Menominee region, to Green bay. * Mr. "\Vhitney does not 
appear to have tral1smitted to Dr. Jackson, anything except bar
ometric observations as the result of work in 1848 (op. cit., pp. 
644-646). 

J 1849. In their report of 1849, Messrs. Foster' and Whitney 
say: Experience "has demonstrated that the veins of copper and 
its ores in the sandstone and conglomerate are not to be relied on, 
and that when worked even to an inconsiderable depth, they give 
out. All the productive lodes are confined to the ranges of 
trap. The associated sandstone and conglomerate belong to 
the Silurian system, and rest at the base of all the fossiliferous 
rocks" (p. 607.)t Accompanying this report are four geological 
maps: 1. IlA Royale; 2. Keweenaw Point; 3. The district between 
Keweenaw Bay and Chocolate River; 4. The district between 
Portage Lake and Montreal River. On the 3d and 4th of these 
Maps, the term "Azoic" is introduced. The 4th Map was trans
mitted to the Secretary of the Interior by a letter dated July 25th, 
1849. The date of transmittal of the other is not known, but prob
ably, the same month. On the i)d Map, the explanatory legend 
presents the following arrangement: 

Aqueous, ~ Base of the Silurian System, 

Metamorphic, t Azoic System, 

"\ S"ndstone. iQuartz. 
Saccharoidallimestone 
Schistose Rocks. 

*The Report is found on pp. 77B-784 of that chaos of literary, scientific and statistical 
matter called Jackson's Geological Report., occupying pages 371-801 of"Annna! MesBage 
amdDocwnwnts," 1849-50, Part III-except pa,geg 605-624, including four maps, occupied 
by Foster and Whitney's report for 1849, which is interjectcd into the midst of Jack
son's report. 

tDr. Jackson, (Op. cit. p. 399), says "Anterior to my researches, the red sandstones 
of Lake Superior were supposed to be the "old red," and subsequently the opinion 
that they belonged to the Potsdam, N. Y., series, g'ained ground; but, from the facts 
that the mineral composition, associations and contents were identical with the sand
stones of Nova Scotia, Connecticut., Massachusetts and New Jersey, and that the dis
turbing agency which moved them was in the same direction and produced similar. if 
not identical results. I was disposed to regard those rocks as of the same age, or as of' 
the New Red sandstone series. This idea has been confirmed." 
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Ignpous ~ More recenfthan the Azoic, but ~ TraPl?ean Rocks. 
Formation, older than the Silurian Gramte. 

, BasaH. 
The legend on the 4th Map is as follows: 

J (Lower Magnesi an 
Aqueous Lower Silurian System. ) Limestone. 

Formation, '\ Sandstone. 
l . Conglomerate. 

Metamorphic, ~ AzOIc System, {Schistose Rocks. 

Silurian, Jasper and fcontemporaneous with 1 Trap. 

Quartzose Porphyry. 
lMore recent than Azoic, \ Granite. 

Igneous, 

1850. The first part of the final report, relating to the "Oop
per Lands," was transmitted April 15, 1850.* In the IVth chap
ter, the authors, treating of "Stratified and Sedimentary rocks," 
comprise them under three general divisions: 

III. Oompact or Lower Magnesian Limestones. 
and Black river limestoue; 2. Ohazy 
Oalciferous sandstone. 

II. Inferior Sandstone. Potsdam Sandstone. 

3. Birdseye 
limestone; 1. 

1. Oonglomerate. Not strictly a sedimentary rock, but a vol
canic tuff. 

Speaking more particularly of the conglomerates, the authors state 
concerning the pebbles: "Their surfaces do not present that smooth, 
polished appearance which results from the attrition of water,t in 
fact, a close observer can readily distinguish between those which 
have been recently detached from the rock and those which have 
been for a time exposed to the recent action of the surf. The con
glomerate appears to have been formed too rapidly to suppose that 
the masses were detached and rounded by the action of waves and 
currents, and deposited with silt and salld on the floor of the 
ancient ocean; for while the contemporaneous sandstone remote 
from the line of volcanic foci, does not exceed three hundred or 
four hundred feet in thickness, the united thickness of the conglom
erate bands, in the vicinity of the trappean range on Keweenaw 
Point, exceeds five thousand feet. As we recede for a few miles 
from the line of the volcanic fissure, these amygdaloidal pebbles 
disappear. and are replaced by arenaceous and argillaceous particles. 
Weare therefore disposed to adopt the theory as to the origin of 
such masses first suggested by Von Buch: . When basaltic islands 
and trachytic rocks rise in fissures, friction of the elevated rock 

*Report on the Geology and Topography of a Portion of the Lake Superior Land District 
(n the State "f Mi,.:,higan. By J. W. Foster and J. D. Whitney, United States Geologists. 
In two parts. Part I, Copper Lands. Washington, 1850, 8yo, pp. 224, with a Map and 
xii Plates. (BeingEx. Doc. No. 69, House of Representatives, 31st Cong-, 1st Sess.) 

tThe "attrition" which rounds shore pebbles is not "'attrition of water". Perhaps 
the authors mean attrition in water. 
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against the walls of the fissures, causes the elevated rock to be en
closed by conglomerates composed of its own matter. The granites 
composing the sandstones of many formations have been separated 
rather by friction against the erupted volcanic rock than destroyed 
by the erosive force of a neighboring sea. The existence of these 
friction conglomerates, which are met with in enormous masses in 
both hemispheres, testifies to the intensity of the force with which 
the erupted rocks have been propelled from the interior through 
the earth's crust. The detritus has suddenly been taken up by the 
waters, which have then deposited it in the strata which it still 
covers'.* rrhose pebbles having a highly vesicular structure may 
have been ejected through the fissures in the form of f>coriffi while 
in a plastic state, and have received their rounded shape from 
having been projected through water-on the same principles as 
melted lead when dropped from an elevation assumes a globular 
form '.t ' 

On page' 112, in a note, the authors cite similar conglomerates of 
eruptive origin. in the. Hawaiian and Fiji islands, as described in 
the report by professor Dana, on the Geology of the Exploring 
Expedition. 

In speaking of the sandstone, they do not, like Houghton, dis
criminate between that 'which is interbedded with conglomerate 
layers, and that which overlies both, though they recogniz~, as 
Houghton did, the Hynclinal arrangement of the beds forming the 
lake hasin, and give a theoretical diagram illustrating it. They 
say: "During the deposition of the sandstone, numerous sheets of 
trap were ejected and flowed like lava streams, and the igneous and 
aqueous products were so intermingled as to present the appear
ance of having been derived from a common origin." (p. 110.) 
The general discussion, however, relates to that which Houghton 
had denominated "Lower or Red Sandstone." 

The method of geologic action which gave origin to the Cupri
ferous formation is conceived by the authors as follows: The en
tire region was the bed of an ocean of heated waters, and volcanic 
paroxysms were frequent. Numerous fissures through the crust 
of the earth resulted. "Along the lines of these fissures existed 
numerous volcanic vents, like those observed at this day in Peru, 
Granada and Java, which were characterized by periods of activity 
and repose. From these vents were poured forth numerous sheets 
of trap, which flowed over the sheets of sand and clays then in 
progress of accumulation. During the throes and convulsions of 

*Geognostische Briefe. g, 75-82, 

tReport on Copper Lands. pp, 99, 100, 
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the mass, portions of r.:>ck would become detached, and rounded 
simply by the effects of attrition, and jets of melted matter be pro
jected as volcanic bombs through the air or water, which on cool
ing would assume spheroidal forms, while other portions of the 
rock, in a state of mechanical division, would be ejected in the 
form of ashes and sand, which mingling with the water, would be 
deposited, as the oscillations subsided, among the sand and pebbles 
at the bottom of the sea. During the whole of this period of vol
canic activity, the sands which now form the base of the Silurian 
system were in progress of accumulation, and became mingled 
with these igneous products" (p. 120). "Thus, alternating bands 
of igneous and aqueous rocks were formed", and thus, unlike the 
theory of Dr. Houghton, which regarded the trap sheets as dykes, 
our authors contemplate them as overflows. 

1851. The second part of Foster and Whitney's report on the 
Mineral Lands of Lake Superior* was transmitted to the secretary 
of the Senate, November 20, 1851. It is a comprehensive, thorough 
and sciE\ntific presentation and discussion of the general and 
economic geology of the region embraced - with the exception of 
matters treated in Part I. It is probably the most meritorious 
production to that time issued under the auspices of tho general 
government. The lithographed engravings are superior, but the 
wood-cuts are obscure, and the typography and paper cbeap and 
unworthy. This volume has become celebrated as the one in 
which the" Azoic System" was established in America. 

In the preliminary chapter, a general classification of the rocks 
of the district is given,of which the following is the lower part :t 
Aqueous. { Silurian Sysj;em. 

Metamorphit'. {AZOiC System. 

'i Potdsam Sandstone,; etc. 
f Beds of Qllartz and Saccbaroidal Marble. 
" Chloritic. 'l'aleose and Argillaceolls Slates 
I Gneiss, l\1iea and Hornblende ::llate. 

Trappean I Oxide Iron. 

Igneous. 

f 
(Masses of Specular and Magnetk 

volcanic 't' Hornblende and Serpent.ine roek8, 
\ I rocks. Basalt, Amygdaloid, Greenstone 
'I Of various [I.ges. ') 01' Dolerite l'Ol·pbyry. 

fFeldspar and Quartz rock. 
Plutonic ·lSyen~te. 

t rocks. Gralllte. 

"Below all the fossiliferous groups of this region" say the 
authors, "there is a class of rocks consisting of various crystalline 

* Report on the Geo!of}Y of tllf!- Lakf!- Sltperim' Land District. By J. W. l<'ostel' and .J. D. 
'Whitney, United States Geologists. Part II, 'l'he Iron Region, together with the Gen
eral Geology, March 13, 1851: Ordered to be printed, WaRhington, 1851 [is-vo., pp, 406, B6 
plates of Ulustrations, and a geological map of the upper Peninsula of Michigan a,nd 
of the north shore of lake Superior from Sturgeon bay eastward.] 
tIt will be remembered that in all the strat.igraphic tables of the present memoir, 

tbe older rocks stand below. This is an inversion of the arrangement ltd opted by 
Foster and Whitney, and most of the earlier writers. 
* The age of the Potsdam sandstone was discussed by Ow authors in Proc. "{mer. 

Assoc., Cincinnati meeting, 1851, (pp. 22-38), 
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schists, beds of quartz, and saccharoidal marble, more or less 
metamorphosed, which we denominate the Azoic' system. This 
term was first applied by Murchison and De Verneuil * to desig
nate those crystalline masses which preceded the Palooozoic strata. 
In it, they include not only gneiss, but the granitic and plutonic 
rocks by which it has been invaded. We adopt the term but limit 
its signification to those rocks which were detrital in their origin, 
and which were supposed to have been formed before the dawn of 
organized existence. t . 

Obviously, there is a degree of indefiniteness about this definition: 
1st. Remains of organization mlly be found in rocks which "pre
ceded the Pttlooozoic" as understood by Murchison: 2d. Not only 
gneiss but granite and syenite may yet be proven of detrital origin. 
Thus the base of the Palooozoic may be lowered either by the dis
covery of fossiliferous rocks between the Potsdam and the top of 
the Azoic as known to Foster and Whitney, or by the discovery of 
fossils within the Azoic rocks as thus known; and the base of the 
Azoic may be. raised by the demonstration of the original igneous 
condition of the gneisses, or lowered by the demonstration of the 
original sedimentary condition of the granitoid masses. These, 
however, are only practical difI;iculties in the application of the 
conception of Foster and Whitney. The conception as above de
fined is clearly delimited and rational. By a reasonable applica
tion of the conception, the Azoic system would always embrace 
the strata beneath the oldest at any time found to be fossiliferoust 
and above the rocks at any time held to be igneous in origin. This 
was very nearly Emmons' first conception of the Taconic, nine years 
earlier; but he recognized the Potsdam sandstone as the base of 
the Silurian system, and only by provisional inference, the base 
of the Palooozoic series so that when strata older than the Potsdam 
were found fossiliferous, he changed his view in reference to the 
azoic character of the Taconic, and thereafter insisted that it was 
a zoic system. 

"Most of these rocks [of the Azoic system,] the authors state, 
"appeal' to have been of detrital origin, but greatly transformed by 
long exp0sure to heat. They are sub-crystalline 01' compact in 
* The Gen!oU!J of R,!s.~ia in El!rOpe and the Ural Mountains, vol. i, p. 10, 1845,. See also, 

Proc. Gea/.. Soc. Land., vol. iv, p. 602, 1845. 

tFoster and Whitney, Rep., p. 3. 
:f:Mr. Whitney has indicated the possibility that the upper limit of the Azoic might 

have to be placed lower than the base of the Potsdam sandstone. "If we find in this 
country. a series of fossiliferous beds below those at present recognized, and whose or
ganic contents cannot be oonsidered as being of Lower Silurian type. let us give them 
11 new name which shall not involve us in any Cambrian controversies." (Amer. Jowr. 
SCi., II, xxiii, p. 314). 
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their structure, and rarely present unequivocal signs of stratifica
tion. 'i'hey exhibit the most violent dislocations; in one place the 
beds are vertical, in another, reversed, and in another, present a 
succession of folded axes. Intermingled with them is a class of 
rocks whose igneous origin caunot be doubted, and to whose pres
(lnce, the metamorphism so characteristic of this series, is in some 
measure to be ascribed. They consist of varying proportions of 
hornblende and feldspar, forming traps and basalts, or, where 
magnesia abounds, pass into serpentine rocks. They appear in 
some instances to have been protruded through the pre-exist
ing strata, in tne form of dike" or elvans, in others, to have flowed 
in broad lava streams over the ancient surface; and in others, to 
have risen up through some wide-spreading, expanding fissure, 
iorming axes of elevation" (p. 8). 

"Many eminent geologists maintain that the lowest stratified 
rocks are but portions of the Silurian or Cambrian system; and 
that from long continued exposure to heat the lines of stratification 
have become obscure, and all traces of organic remains obliterated. 
Our investigations in this district have led us to a different conclus
IOn. If the Potsdam sandstone rests at the base of the Palffi;)zic 
series; if from that epoch we are to date the dawn of animal crea
tion, there is in this district a class of obscurely stratified rocks 
interposed between the Silurian system and the granite-rocks 
distinct in character, unconform~ble in dip, and destitute of 'br
ganic remains" (p. 10). 

The authors quote from the early reports of "Mr. Logan, the 
distinguished Provincial geologist of Canada, for the purpose of 
stating that the two-fold division of these rocks, described by Mr. 
Logan* has not been observed on the southern shore. 

In reference to the blending of igneous and sedimentary char
acters in the Azoic rocks of the south shore, the authors quote 
from de la Beche a passage which, though it possesses only the 
authority of an individual, needs to be borne in mind in the more 
recent attempts to interpret the rocks in question, whether on the 
south or the north shore. This is the passage: 

"There is so intimate a mixture of compact and schistose trap
pean rocks with the argillaceous slates r of Bossiney, Cornwall] 
that the whole may be regarded as one system, the two kinds of 
trappe an rocks having been probably erupted, one in a state of ig
neous fusion, and the other in that of an ash, during the time that 

*Repol't of Progress, 1816-7. p. 10. It is clear that the upper eli vision here indicated in 
the metamorphic rocks is what was afterward denominated Anilnikc. But we shall 
return to this point. It is also apparent that this division. if not entirely wanting ou 
the southern shore, is very inconspicuously developed. 
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the mud now forming slates, was deposited; the mixture being ir
regular from the irregular action of the respective causes which 
produced them, so that, as one may have been derived from igneous 
action, and tile other from the ordinary abrasion of pre-existing 
solid rocks, they were geologically contemporaneous." 

Some further remarks by the authors relate specifically to the 
rocks on the south shore of lake Superior. "Mauy of the igneous 
rocks of this region form neither loug lines of dykes nor axes of 
elevation, but broad sheets, bearing the same relation to the slates 
that the trappean bands of Keweenaw Point do to the conglomer
ates. Many of the slates appear to be composed of pulverulent 
greenstone, as though they might originally have been ejected as 
an ash, and subsequently deposited as a sediment, and pass by im
perceptible gradations from a highly fissile, to a highly compact 
slate." Some of these phenomena are compared with sub-oceanic 
salses, "pouring forth streams of pulverulent material to be mingled 
with ordinary fragmental deposits. 

Messrs. Foster and Whitney, in concluding their account of the 
general geology of the Azoic sY3tem, seek to <;trengthen its estab
lishment by pointing out the existence of a similar series of rocks 
in other states-in Minnesota, Arkansas, Missouri, New York, Penn
sylvania and Virginia. They refer to the evidence supplied by the 
brothers Rogers, that the series of obscurely stratified rocks known 
as"the gneissoid series, flank the Appalachian chain on the east 
throughout its entire extent. Turning to the Old World, they cite 
the well known witnesses to the existence of similar azoic rocks in 
Scandinavia, Great Britian and Bohemia (pp. 33, 34.) 

As to the origin of the mass of magnetic oxides of iron, having 
shown that they occur in beds instead of true veins, they consider 
the evidences of an igneous and of a metamorphic origin, and con
clude: "On the whole, we are disposed to regard the specular 
and magnetic oxides of iron as a purely igneous product, in some 
instances poured out, but in others sublimed, from the interior of 
the earth. Where these ores occur in a state of almost ab
solute purity, in the form of vast irregular masses, occupying pre
existing depressions; or where the incumbent strata are metamor
phosed and folded over them; or where they are traversed by long 
lines of ferruginous matter in the form of dykes-there can be little 
doubt that these ores have risen np in a plastic state from below. 

"Where they are found impregnating metamorphic products, 
such as jasper. hornstone or chert, qllartz, chlorite and talc slate, 
not only interposed betwepn the laminre, but intimately incorpora-
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ted with the mass, giving it a banded structure, we regard it as the 
result of sublimation from the interior." 

"When they are included in metamorphic strata, in the form of 
beds or variable width, with a conformable range and dip, and 
with minute particles of the associated rock mechanically mixed 
with the ore, we are disposed to regard them as the result:of aqueous 
deposition, although the materials may have been derived from 
the ruins of purely igneous products" (p. 68.) 

In 1857, Sir William Logan and the Canadian geologists having 
recognized two distinct systems beneath the Potsdam sandstone, 
Mr. Whitney returned to the defence of the systemic unity of the 
sub-Silurian rocks, and of the system which he and Mr. Foster had 
proposed to receive them.* Mr. Whitney thinks this divergence 
of opinion is "due entirely to a different understanding of the 
origin and relations of the cupriferous formation of lake Superior 
and especially of that portion of it which belongs to the southern 
shore of the lake" (p. 306.) He proceeds accordingly, to establish 
the proposition that the cupriferous series of interbeddpd traps, 
conglomerates and sandstones are collectively the equivalent of 
the sandstone extending generally along the south shore. This 
being so, nothing remains between the cupriferous series and the 
granite except the indivisible series of rocks which Foster and 
Whitney had styled the Azoic system. 

If we follow Mr. Logan, he says in effect, we must admit that 
the c~priferous belt lies unconformably beneath the sandstone. 

"We must also admit that these cuperiferous rocks are identical 
in age with the series of quartz beds and jasper conglomerates 
displayed on the north shore of lake Huron, and hence called 
'Huronian.' Therefore, according to Mr. Logan's views, since the 
cupriferous series of lake Superior rests unconformably on a still 
lower formation of shales, quartz rock, etc., the rocks of lake 
Huron must also do the same, although no such fact has been ob
served. Hence, we must recognize two systems beneath the Pots
dam sandstone, one the Huronian, comprising the cupriferous 
rocks of lake Superior and the formations of the north shore of 
lake Huron, the other, the Laurentian, including all the rocks of 
Canada and the Northwest which we should designate by the 
term' Azoic,' with the exception of those of lake Huron, as before 
indicated." 

"The principal question to be settled then, is this: 
the relations of the cupriferous rocks of lake Superior? 

What are 
Do they 

OJ. D. Whit,ney. "Remarks on the Huronian and Laurentian systems of t,l,,, Oanada 
Geological Survey," A'mer. Jour. Sci .. II, 305-394, May, 1857, 

-11 
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constitute a distinct system by themselves, or are they part and 
parcel of the Potsdam sandstone itself?" And this is the question 
which Mr. Whitney proceeds to answer affirmatively. Mr. Whit
ney's two main positions as against those of Sir William Logan, 
may be stated thus: 

1. The cupriferous formation is not distinct from the Potsdam. 
2. The Huronian rocks are not equivalent to the cupriferous. 
In 1884, professor Whitney again returned to a vindication of 

the integrity of the Azoic system.* In an extended and elaborate 
memoir, Messrs. Whitney and Wadsworth review all that had 
been written in America on rocks embraced under the Azoic sys
tem. rfhey pursue the method of liberal quotation, in setting forth 
the views of the various writers, and accompany the-e by critical 
l"emarks. The authors find very little to commend in this litera
ture, but (1iscover many opportunities for caustic comment, seem
ing almost to forget that possibly the honest search for truth may 
not lie, precisely in an adoption of the views of the originators of 
the Azoic system. Still there is a good amount of justice in the 
following sentence, extracted from their "Resume:" 

"We think that it is impossible for any unprej udiced worker in 
this department of science to peruse with care the preceding pages, 
and not feel obliged to admit that the geology of a large portion of 
this country, and especially that of Canada and New England, 
is in an almost hopeless state of confusion. We thing that it must 
have been made clear to the candid mind, that the geologist ~ould 
find himself completely baffled, who should endeavor to obtain any 
definite knowledge of the real nature and order of succession of 
the rocks which cover so large a portion of the region in question, 
from the study of that which has been published with regard to 
them. We believe that we are justified in going still farther, and 
saying, that our chances of our having, at some future time, a clear 
understanding of the geological structure of northeastern North 
America would be decidedly improved, if all that has been written 
about it were at once struck out of existence" (pp. 519-520.) 

All this tends to prove, as the authors think, that no real pro
gress has been made in azoic geology since 1850. '],heir impres
sive resume embraces the following positions: First, No evidence 
has been presented of the existence of life anterior to the advent 
of the primordial fauna of Barrande-that is, in those metamorphic 
rocks which were at first united in a system styled "Azoic." The 
supposed organism known 8;s Eozoon, is only a peculiar arrange-

* The Azoic System and its Proposed Subdi:visions. By J. D. Whitney and M. E. Wads_ 
worth. Bull. Mus. Oomp. Zoo!., Geological Series, vol. i, pp. xvi and 331-365. 
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-ment of. crystalline matter. Its organic nature was never consis
tently defended by Dawson and Carpenter. The segregated, vein
like character of the limestones in which it occurs in eastern 
Massachusetts, has been affirmed by Burbank, Perry and Dr. 
Wadsworth. and the final coup de grace has been administered by 
Dr. Mobius. The epitaph has been written by F. Romer and 
Zittel. As to the organic origin of the crystalline limestones, 
thAre is nothing whatever to prove it, while the presene of 
calcite and calcitic formations in metalliferous veins, and in 
dykes and amygdaloids is sufficient proof that the existence of a 
limestone does not necessarily imply conditions compatible with 
organization. Graphite, too, instead of being a derivative of 
vegetable substances is found in the presence of indications of in
tense heat, and has never been found in such situation as to justify 
the inference that it resulted from the transformation of coal. As 
to the origin of masses of magnetic and specular oxides of iron, 
there is nothing in the laws of chemistry to forbid their eruptive 
nature, while the distribution of iron in meteorites and on the 
earth, and the evidences touching the mineral nature of the earth's 
interior, all tend to show the probability that the iron of the ear
liest times was connected with the agency of heat rather than of 
organization. 

Secondly, As to the admissibility of a subdivision of the azoic 
rocks, the authors maintain that no adequate ground has yet been 
presented. They moreover, precludtl the possibility of such ground 
by laying down the canon that observed successions of life are the 
only justification of a chronological arrangement of rocks. Of 
course, no successions of life are possible where no life exists. To 
pronounce a series azoic and demand the application of the paloo
ontological dogma, is to move the previous question without debate. 
'Whether there are 01' may be, good grounds other than palooon
tological, for a successional arrangement of terranes, is a question 
which will ~e considered in the sequel of this memoir. The min
eralogical and lithological bases of various proposed divisions of 
-the Azoic are examined, and besides their exclusion at the thres
hold by the canon lllid down, are represented as inherently conflic
ting aud invalid. Finally, to illustrate the misleading character 
of mineralogical criteria, they push the principle in absw"dum by 
proposi::::.g ironically, a division of the Azoic into twelve systems 
based on predominant mineral characteristics. 

This memoir, though characterized by a spirit of dogmatism and 
wholesale contempt of contemporilry research, justified only by 
the assumption of infallibility in the work of its authors, is still, 
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8 masterly review and a forceful argument, challenging serious 
reconsideration of the evidences on which many of our recent 
judgments have been based. 

T. STERRY HUNT. 

Dr. Hunt's writings on pre-Silurian rocks have been voluminous 
and long continued. His utterances are largely of an inferential
and deductive character, based on the field-observations and judg
ments of others, backed, however, by numerous personal reconnois
sances. He appears to have been to some extent, the expositor ' 
and commentator and public representative of the Canadian sur
vey. The value of his work in the aggregate - especially his, 
chemical and mineralogical work, is great. He has made a dura
ble impression on the science of his day. But his proper geologi
cal utterances, while always learned and sagacious, have some
times possessed doubtful value. From lack of close adherence to 
observations made by himself, and from too much reatiine'3s to give 
utterance to the intuitions of the moment, he has fallen into occa
sional self-inconsistencies, and many conflicts with his fellow 
workers in geology. Partly for such reasons, I shall not follow 
out in detail the varying utterances which during a long life, he 
has placed on record. 

1855. Dr. Hunt appears to have been the first to employ the 
term "Huronian" in its application to a series of rocks. In" A 
Sketch of the Geology of Canada," speaking of the rocks on the 
north shore of lake Huron, then recently studied by Mr. Murray" 
he says: 

" As these rocks underlie those of the Silurian system, and have 
not as yet, afiOl'ded any fossils, they may probably be referred to 
the Cambrian system (Lower Cambrian of Sedgwick). This 
Huronian fm'maHon is kuown for a distance of about 150 leagues 
upon lakes Huron and Superior."* 

1858. Dr. Hunt suggested evidences of the contemporaryex
istence of organic life in the limestones, graphite and iron ores of 
the Laurentian. t 

On the discovery of Eozoon so called, he discussed the mineral-

,. Ol1!Tlada at the Untvel'sa! EXpOSition of 1855. pp. 427, 428. lEsquiss8 aeolouique, pp. 28, 33. 
1851;]. Mr. Murray, as we have seen, had already employed the term HuronianHeries. 
in hie report for 1855; but that was not printed till 1857. Neither he nor Hunt employed 
t,he term deliberately, as the designation of a well comprehended system of rocks, but 
only to express the geographical position of certain rocks referred to. In 1857, Sir 
William Logan made formal announcement to the American Association, that the 
term Huronian had been adopted. See ante, pp. 123, 124. 

tQu,ar. Jow·. Gent Soc., xv, 493. 
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.ogical relations of the object, and gave the name lo.qa'ltiie to a sup
posed new mineral form. * 

In the Esquisse geologique du Canada,t Dr. Hunt described 
,the Laurentian system as embracing two distinct series, one rest
ing discordantly on the other. These he denominated Lower 
Laurentian and Upper Laurentian or Labradorian (afterward call
ed by him Norian). 

The so·called "Hastings series" was first brought into notice in 
1852.3 by Mr. Murray (pp. 103.108), and in the discussion of these 
rocks, Dr. Hunt frequently participated. In 1863, he gave an
alyses of the limestones (Rep., 1863, pp, 592-3). In 1867, he stated 
that the Hastings series reposed in concordant stratification on the 
Laurentian gneiss, but that the Upper Laurentian or Labradorian. 
rested unconformably, not only on the Lower Laurentian, but also 
,on the Hastings series.! 

In 1869, he identified as Laurentian,§ "the great gneissic and 
hornblendic formation stretching through" the northeastern por
tion of Massachusetts, and inclosing crystalline limestones, and on 
the ground of their age, promoted successfully the search for 
Eozoon canadense. 

In 1870, his attention was again turned to the geology of eastern 
New England,!! and he recorded the conclusion that, "In fact, the 
schists and gneisses of the White Mountains are clearly distinct, 
lithologically, from the Laurentian and the Huronian, as well as 
from the crystalline rocks of the Green Mountains, and from the 
.fossiliferous Upper Silurian strata, which lie at the southwestern 
base of the Canadian prolongation of the latter." (p. 84.). Turning 
then, to the lithological characters of the "Hastings series" in 
Canada, he says Mr. Vennor has shown that "it rests unconforma
bly upon the old Laurentian gneiss, while it is at the same time 
overlaid by the horizontal limestones of the Trenton group. This 
intermediate series which attains a thickness of several thousand 
feet, is terminated by calcareo-micaceous schists, in which Eozoon 
canadense has been found, both in Madoc and Tudor." (p. 85.) He 
then summarizes Mr. Murray's observations in Newfoundland in 
1866 and recognizes there a mass of rocks "immediately succeeding 
the Laurentian," and concludes: 

"From these investigations of Mr. Murray, we learn that be
tween the Laurentian and the Quebec group, there exists a series 

*Geowgy of Canada-, 186.3, p. 490. 
fParis Exhibition of 1867, p, 10. 
:l:Esquissc ge%gigue pp, 5, 6. 
§On Laurentian rocks in eastern Massachusetts, Am. Jour. Sci. , II xlix, 75-78, 
i"On the Geology of Eastern New England," Amer, Jour, Sci. II, 1, 83-90, 
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of several thousand feet of strata, including soft, bluish-gray mica 
slates and micaceous limestones belonging to the Potsdam group;. 
besides a great mass of whitish granitoid mica slates whose rela
tion to the Potsdam is still uncflrtain. To the whole of these we 
may perhaps give the provisional name of the Terranovan series, 
in allusion to the name of Newfoundland." (p. 87.) 

The Terranovan series therefore occupifls a portion of the inter
val in which lies also the "Norian" and the "Huronian," and it 
overlaps the Potsdam. To this he referred the White Mountain 
rocks, as well as certl'Lin rocks in New Brunswick. 

In 1868, he prepared a memoir on the mineralogy of the "Lau
rentian limestones of North America*" in which he wrote: 

"In the county of Hastings, in the Province of Ontario, not less 
than 21,000 feet of strata, consisting of crystalline cchists, lime
stone and dIOrite are found resting conformably upon Laurentian 
gneiss." (p. 48.) 

In a postscript (p. 98,) he states: 
"More recent researches by the Geological Survey of Canada have 

shown that the rocks of Hastings county, Ontario, noticed on page 
48, rest unconformably upon the Laurentian, and belong to one, 
and possibly two, distinct systems. The uppAr and larger portion 
consists in great part, of mica schist and micaceous limestones, while 
at the base are great masses of dioritic and hornblendic schists, with 
iron are, posssibly of Huronian age." 

In 1873, he was reported as follows: 
.. As regards the Norian, which had be~n once joined to the 

Laurenlian, he had elsewhere shown that we had reason for sus
pecting that it might be more recent than the Huronian, and pos
sibly than the Montalban, a conclusion which appeared to be con
firmed by the facts made known by Hitchcock."t 

In 1875, he returned to a study of the White mountains, or Mon
taIban series, which he had already identified with the Hastings 
series. He said : 

•• These ancient rocks are also largely represented in Hastings 
county, Ontario, where they occupy a pmlition between the Lau
rentian [i. e. Lower Laurentian] and the fossiliferous limestones 
of the Trenton group, and are the eq uivalents of similar limestones 
and micaceous quartzytes in Berkshire county."! 

In 1878, Dr. Hunt referred the limestones of the Hastings series 

*Twenty-jirst Annual Report of the Re{}ents of the University of the State of New York, Ap
epndix, pp. 47-98. 

t Proc. Bast. Soc. Nat. Hist., 1873, xv, 310. 

:f:Proc. Soc. Bost. Nat. Hist., 1875, xvii, 509. 
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to the lower Taconic (Taconian ).* In his" Chemical and Geologi
cal Essays," the Hastings limestones and slates are said to lie be
tween the Huronian and Trenton. 

In 1878, he prepared a synopsis t of his views on the classifica
tion of Bozoic (Arcluean. Azoic) rocks. Their di visions were dis
tributed as follows: 

ld. MONTALBAN. Named in l872[ =TerranovanJ, well dis
played in the White Mountains, and occnpying large areas in New 
England and southwestward; a great mass of crystalline schists. 
Gneisses distinguished from those of the Laurentian by.being 
finer grained and having white feldspar. They are less firm and 
more tender, often containing silvery mica, and pass into coarser 
mica schists. This series contains granular olivine rocks [duniie] 
often accompanied by enstatite [saxonite of Wadsworth]. 

lc. HURONIAN. Named in 1855, more or less schistose, crys
talline rocks, resting unconformably on the Laurentian. "rrhe 
Green mountain series." Contair, jaspery petrosilex, becoming 
porphyritic by the presence of feldspar and of quartz in a com
pact base, sometimes schistose and finely laminated. Contain 
basally, chloritic schists altered from diabases. rThe description 
applies to the lake Superior pseudo-Huronian, not to the original 
lake Huron Huronian.] 

lb. NORIAN. The upper portion of the Laurentian series on 
the Ottawa river. A distinct terrane, resting unconformably upon 
the gneisses and crystalline limestones of the Laurentian. The 
former Upper Laurentian or L'Lbradorian. Consists chiefly of 
anorthic [triclinic] feldspar, sometimes almost without admixture; 
sometimes accompanied by small portions of hornblende, of pyrox
ene or of hypersthAne (hyperstheni te or hyperite). Fi.ue or coarse. 
Colors white, pale bluish or greenish, dark lavender, smoke-blue 
or nearly black. Titaniferous iron occurs in great beds. 

1a. LAURENTIAN. Named in 1854, prevailingly a strong, massive 
gneiss, reddish or grayish, sparingly micaceous, very often horn
blendic. The crystalline schists absent. Crystalline limestones 
present, often associated with beds of quartz. Masses of magne
tite. Beneath these (the Grenville series) a great mass of grani
toid gneiss without limestone (the Otlawa gneiss). 

Above the Montalbanis placed the TACONIAN (=Lower Taconic); 
QUEBEC group (=Upper Taconic or Cambrian), (pp. 10,11,12,13, 
21 ). 

*Proc. Bost. Soc. Nat. Hist., 1878, xix, 278; preface to second edition of Chem. and Geo!. 
Essays, pp. xxii, xxvi. 

tThe Geologists' Trave.ling Handbook. By Dr. James Macfarlane. New York, 1870. It 
was circulated before the close of 1878. 
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The following is Dr Hunt's view of the taxonomy of the lower 
rocks in his Pennsylvania Report:'" 

8. SILUIW-CAMBRIAN. Upper Cambrian of Sedgwick. Part of 
Lower Silurian of Murchison, and the Matinal of Rogers, in part. 

7. OAMBRIAN. The Lower and Middle Cambrian of Sedgwick. 
and the Lower and Upper Cambrian of Hicks; being the Upper 
Taconic of Emmons, and the Qilebec group of Logan: or the Pri
mordial Silurian, and part of the Lower Silurian of Murchison. 
[Upper Copper-bearing rocks of Logan.] 

6. ¥EWEENIAN. The Copper.bearing series of Lake Superior, 
found in the same geological interval as the Taconian, but not 
idelltified with it. 

5. TACONIAN. The Lower Taconic of Emmons, or the "Hast
ings series," including a part of the Primal, Auroral and Matinal 
divisions of Rogers; and constituting with the Montalban, what h9 
had once called Terranovan. 

4. MONT ALBAN. The White Mountain or Mica schist series. 
[Terranovan in part. ] 

3. HURONIAN. The Green Mountain series, or altered Quebec 
group of Logan. [Lower Copper-bearing rocks of Logan.] 

2. NORIAN. The Labradorian or Upper Laurentian of Logan. 
1. LAURENTIAN. 

b. GI"enville s3)·ies. With limestones. Supposed un
conformable with the next. 

a. Ottawa gneiss. Without limestones. (pp. 215-242.) 

In 1879, the Norian was said by Dr. Hunt to rest uncon/ormably 
upon the gneisses and crystalline limestones of the Laurentian, 
and held to be older than the Huronian. The Huronian was also 
said to rest unconformably on the Laurentian on the north shores 
of lakes Huron and Superior. 

In 1886,t Dr. Hunt's conception of the succession of the Azoic 
Rocks was freshly set forth with a result of which a brief abstract 
is as follows: 

SILURIAN. 
ORDOVICIAN. 
CAMB~IAN. 

KEWEENIAN. Upper division of Upper Copper-bearing series. 

'Special Report on the Trap D!Jkes and Azoic Rocl~~ ot southeastern Penn.~yZvania. By T. 
Sterry Hunt. Part I. Historical Introduction. Harrisburg, 1878· pp. 253. [Being E of 
the series or Survey Reports. This Report is dated 1875, though the Preface bears date 
1878.] 

tMineraL PhysioLogy and PhY8iogmphy, a second series of Chemical and Geologioal Es
says. with a General Introduction. Boston, 1886, 8vo. pp. xvi! plus 710. 
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TACONIAN. Lower division of Upper Oopper-bearing senes. 
Quebec group of Logan. 

MONTALBAN. 
HURONIAN. ?Pebidian of Hicks. 
ARVONIAN. (Formerly part of Huronian.) Petrosilex series,

Jaspers and porphyry. H(illejlinta, Sweden. Arvonian of 
Hicks. 

NORIAN. (Formerly Upper Laurentian or LaLradorian.) 
LAURENTIAN. (Former Lower Laurentian. ) ? Lewisian of 

Murch. 
G)"enville series. Typical Laurentian (.Former Middle Lau
rentian. ) Dimdian of Hicks. 
Ottawa gneiss. '* 

Dr. Hunt has always b@en resolutely opposed to the identifica
tion of the Animike Series with the proper Huronian. The fol
lowing passage, among many others is explicit: 

"The fact that the Taconian or Animike series in Northern Mich
igan, rests sometimes upon the Granitoid or Gneissic group. 
sometimes upon the Dioritic group, of Rominger, and elsewhere 
upon a mica schist series having the characters of the Montalban, 
goes far to show its stratigraphical distinctness from all three of 
these. Its separation from the Dioritic group was early noticed 
by Logan, when he described the uQconformar.le superposition of 
this series (the lower division of his Upper Oopper-bearing series) 
on the ancient greenstone (Huronian) series, and the presence of 
portions of this in the basal conglomerates of the latter. Th€re 
are, however, as I have elsewhere noticed (Azoic Rocks, p. 202.) 
~ertain mineralogical resemblances between the rraconian and the 
softer and more schistose beds of the Huronian. with which they 
were confounded by Murray at more than one locality along the 
north shore of Lake Superior. Hence, after visiting the Marquette 
district in 1861. he did not hesitate to call the iron-bearing series 
()f that region Huronian; a designation adopted by the Geological 
Survey of Canada. In this he was followed by J. P. Kimball in 
his study of the Marquette iron ores in 1865, by Hermann Oredner 
in 1869, by T. B. Brooks in 1873 and again by Irving in 1883· 
All of these include. the two series unc1flr the common name of Hu
ronian, and the estimates of the thickness of the Huronian have 

*The following references may be made to opinions of Dr. Hunt on the geology of 
New Brunswick: Hunt: GeoloGY of Oanada, 1856, pp. 235, 235; Amer. Jour. Sci., 11,1870, 1, p 
$9 (Oompare Proc. Amer. Assoc., 1871, p. 33;) AZOI~C rocks, 1878, 181. 188, 18!'; Proc. Amer 
AssOC., 18n, B,116,117; 1879,285-7; ArneI'. Jour. Sci., 1880, III., xix, 27iJ-5; Boston Proc., 1875 
xvii, 509; id., xix, 278; Preface. 2d. ed. Ohemical and Geo/.ogic(t/ E.~8a!J8, p. xxix; Mineral. 
Physiology and Physiography,pp. 407-8, 572-4. 
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been based upon that of the two united. The distinctness of the 
underlying Dioritic group with its serpentines and chloritic rocks, 
which together constitute t,he Huronian or pieire verdi-alike from 
the older granitoid and gneissic group, from the mica-schist or 
Montalban group and from the great overlying Animike or Tacon
ian system, including the quartzites, marbles, iron-ores and argil
lites, is however, manifest. The succession is thus brought into 
complete accordance with that which is found in many parts of the 
Appalachians, as well as in southern Europe, as is pointed out in 
part iv of Essay X."* 

Dr. Hunt, in other passages, recognizes the presence of the Ani
lliike (Taconian) or true Huronian in the Upper pflninsula of 
Michigan. He writes: 

"Besting in some cases upon this groupt and in others upon the 
granitoid rocks is a great system divided in ascending order by 
Rominger, in 1880, into a Quartzite group (which includes a mar
ble series,) an Iron-ore group, and an Arenaceous-slate group, all 
of which appear closely connected. The system comprises heavy 
beds of quartzite, often schistose and with conglomerates, inter
stratified and overlaid by argillites of various colors, with graph
itic, hydro-micaceous or sericitic slates, beds of jasper, of hffimatite
and magnetite, either pure or disseminated, and, in the upper por
tion, limonite and siderite. The limestones form in the upper part 
of the quartzite division, great masses of white crystalline marble, 
sometimes with mica ftnd tremolite and sahlite; at other times they 
are reddish or dull and compact. The iron ores appear to be in 
two horizons, one below and one above a great body of limestone. 
To the latter are referred the ores ot the Gogebic and Menominee 
districts, and to the former. those of Marquette and Felch moun tain, 
with which those of Vermilion lake in Minnesota, appear to be 
identical. The argillites which overlie the latter are those seen in 
the St. Louis river and at Thompson, Minnesota, which are by 
Rominger compared with argillites at L' Anse and Huron bay."! 

GEORGE F. MATTHEW AND ASSOCIATES IN NEW BRUNSWICK. 

Several different Canadian geologists have participated in the 
investigation of the geology of the maritime provinces of British 
North America. The pioneer among them was the present Sir 
William Dawson, whose special studies for the greater part, have 

*Mtnera! Physiology. 581-2. 
+The Dioritic group of Rominger. 
:t:Mineral Physiol.ogy, pp. 579-80. The writer has elsewhere recorded his independent 

recognition of the existence of two discordant systems in the Marquette Iron region
Sixteenth Annu. Rep. Minn., pp. 178-9, 185. 
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been palooontological.* Among those who have contributed im
portant original observations and have studied especially the oldest 
rocks, are George F. Matthew, L. W. Bailey and R. W. Ells. This 
portion of the continent presents great geological difficulties, and 
the interpretations of the phenomena have been very diverse. The 
differences, however, have been rather of local than of geognostic 
significance; and it is therefore not intended to trace the histori
cal develof;ment of opinion into detail. Following Sir William 
Dawson, Mr. George F. Matthew, in 1863, presented the results of 
a. well elaborated series of observations on the geology of St. John 
county, New Brunswickt and proposed an arrangement of the 
rocks which will be reproduced synoptically in the following 
table.! 

The table which follows is compiled from papers cited in this 
connection. 

CHARLES H. HITCHCOCK. 

Professor C. H. Hitchcock's survey in the state of Maine did 
not lead him into researches possessing any important bearing on 
the development of American opinion respecting the nature and 
origin of the older rocks. The official character of his connection 
with the Vermont survey, the first volume of the final report of 
which was published in 1861, though prepared in 1859, was AS 

chemist of the survey. But, provision for the chemical work be
ing inadequate, professor Hitchcock devoted much attention to 
geological investigations. Among these was the preparation of a 
chapter on "Azoic Rocks" and contributions on "Steatite and Ser
pentine" and "I::laccharoid Azoic Limestone."§ 

* Acadian Geolo(lY. The GeologicaL Stmcture, Oraanic Remains and MinentL Resources of 
Nova Scotia, New Brunswick and Prince Edward's Island. First edition, 1855, 2d, 1868 (with 
information posted to date), 3d, 1878. For other recorded opinions of Sir William Daw
son, see Can. Nat. an1 Geol., 1861, I, vi, 16!; Quar. Jour. Geol. Soc., 1862, xviii, 30,). Sir W. 
E. Logan made a reconnaissance of the Bonaventure formation in 184'1: and Dr. Abra
ham Gesner made a report to the New Brnnswick government at nearly the same 
date. 

tCanadian Natural-ist and Geologist, viii, 241-260, Ang. 1863. F'or later views see Qual'. 
Jour. Geol. Soc., 1865, xxi, 422-434. 

*The later studies of Messrs. Matthew, Bailey, Hartt, Ells and others may be consnlt
ed as follows: Bailey: Canadian Natnralist, 1864, 81-97 (a rapid reconnoissance); Bai
ley, Matthew and Hartt: Ubservations on the Geology of Southern New Brunswick, 1865: 
H. Y. Hind: Prelim. Report on the GeoL. of New Brunswielf, 1865; Bailey and Matthew: 
Proc. ArneI'. Assoc., 1864, xviii, 179-195 (revised to April, 1870); Bailey and Matthew: 
Oeol. of Can. Report of Progres .• , 1870-71, 13-240 (proposing numerons changes on recom
mendation of Dr. Hunt); Matthew: Report, 1874-5, pp. 84-9; Report for 1876-7, 32~-350; 
Hugh Fletcher: Same Report, 405-426; R. W. Ells: Rep. Pror/. for 1877-8, D., PP. 1-12; 
L. W. Bailey: Rep. 1877-8, DD., pp. 1-34; G. F. Matthew: Same Rep., E , pp. 1-6; 
Bailey, Matthew and Ells: Rep., 1878-9, D., pp.1-26; R. W. Ells: Rep., 1879-80, D., pp. 
30-42; Rep., 1880-8,l, D., pp. 17-19: Bailey: Proe. Am~r. Assoc., 1880,416, 417: Can. Rep., 
1882-4. E., pp. 31-34 ; A. P. Low: Rep., IH82-4, F., pp. 16-20; R. W. Ells: Rep., 1885, E. 
pp.54-63. Dr. T. S. Hunt's recorded opinions have been already referred to, Ante. p. 15() 

§Geologyof Vermont, I, pp. 452-474 and 5iJ3-558. 
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In consonance with views generally prevailing at the time, he 
e~presses the opinion respecting the azoic rocks, that "stratifica.
tIOn and lamination appear to have been produce:! by original de
~osition in water." Speaking of the difficulty of distinguishing, 
In some cases, between the lines of sedimentary structure and 
cleavage and foliation, he says: "We have not attempted it [dis. 
tinction of cleavage J to much extent in the slates of Vermont; still 
less have we tried to draw a line of distinction between the folia
tion of the schists and stratification; for this is a still more difficult 
work. Hence the strikes and dips which we shall give are those of 
foliation and cleavage. But we believe that these usually cor
respond essentially with the stratification. In the fossiliferous 
clay-slates of the western part of the State, as well as in the lime
stones, we not unfrequently have found the cleavage planes mak
ing quite an angle with those of the original deposition; but in all 
those belts of slate interstratified with the more thoroughly met
amorphosed schists, the two seem usually coincident." (p. 452.) 

No attempt is made to give the azoic rocks either a systemic, a 
geognostic or a chronological arrangement. Fifteen species are 
enumerated and lithologically described. Five and a half quarto 
pages are devoted to a catalogue of isolated instances of strike and 
dip, though very little attempt is made to correlate them in a gen
eral system of structure. It is stated however, that three disting
uishable ranges of gneiss traverse the state: the Green mountain 
range, the middle range and the Connecticut river range. The 
first of these is thought a continuation of the Hoosac mountain 
range-the gneiss of the Green mountains resulting from the ac
cession of feldspar to the mica schist of Massachusetts, though 
often, in Vermont, passing again into mica schist. Of some of the 
gneiss of the range along the Winooski, he says "it resembles 
sandstone-the crystals of feldspar being rounded like large grains 
of sand. (p. 465.) The middle I'ange is less extensive and more 
distinctly gneissic. Eastward it graduates into mica schist. The 
gneissic range near the Oonnecticut river consists only of three 
patches." 

The "U.nessential character of the recognized distinction between 
gneiss and mica schist, a~ indicated. in the transitions along the 
strike, mentioned above, IS emphaSIzed by further statements. 
"Those layers of the rocks" he says, "on both sides of the moun
tain which all would regard as gneiss, are generally interstrat.ified 
with other layers of mica or talcose schist and quartz; and the 
judgment of good observers would differ about the line where the 
gneiss predominates over the schists." "Also, as we pass norther-
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ly along the line of strike [of the Green mountain range] along 
the eastern margin, the gneiss is rapidly succeeded by mica and 
talcose schists .. ** We incline to the opinion, however, that a nar
row belt of Green mountain gneiss does extend across the whole 
State of Vermont. ** We have expressed the opinion in another 
place, that gneiss, mica and talcose schist, and even some beds of 
quartz, may be only metamorphic varieties of the same original 
formation." (p. 470.) 

Of hornblende rock he says: "It is found associated with gneiss 
and clay-slate in positions much like dikes, as well as in regular 
beds." Referring to the opinion expressed by MacCulloch, that 
hornblende rock and hornblende schist may result from the met
amorphism of clay. slate, professor Hitchcock states that Bischof 
has shown it possible that "even in lava, the hornblende [some
times present] was not formed at the time of the protrusion of the 
lava, but subsequently in the wet way; and the associations of 
hornblende schist forbid the idea that it was a volcanic product." 

In reference to steatite and serpentine, professor Hitchcock 
states that "there are at least sixty beds of steatite in Vermont, 
and twenty-five beds of serpentine. The aggregate of serpentine 
is more than double that of steatite. Regarding the steatite and 
serpentine rocks as of one age in each range, he concludes that 
there are four ranges, and that these are of different ages. 

As to origin, he regards serpentine as originally stratified, refer
ring to its confol'mability with the foliation of the rochl which 
embrace it. There is no protruded serpentine in VermonL :stea
tite, probably, had a similar origin. He believes in the change of 
"some beds of hornblende schist and diorite or greenstone, into 
serpentine." (p. 554.) 

In general connection with the subject of metamorphism, profes· 
SOl' Hitchcock makes the following just remarks: 

"The distinction between stratified and unstratified rocks bas 
been usually regarded as one of the most trencbant and reliable 
in the science of geology. And so long as it was considered a cer
tain fact that the stratified rocks were exclusively deposited by 
water, and the unstratified all resulted by dry heat, it is not strange 
that geologists should have looked upon the line between the two 
classes as very distinct and recognizable. But now that it is so 
generally admitted that hot watet has been the most efficient agent 
in metamorphosing the stratified rocks, and converting some of 
them into the unstratified, we can see how the distinction between 
them should often be yery obscure and uncertain. Such is cer
tainly the case with serpentine and dolomite, both of which are 
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sometimes stratified and sometimes unstratified. We are appre
hensive that some other system of classification must be adopted, to 
include such rock and also such varieties of gneiss, and even some of 
the schists." (pp. 554-5.) 

The results of the studies of professor Hitchcock and his collab
orators in the geology of New Hampshire are embraced in three 
massive royal octavo v{)lumes.* They embody a vast amount of 
faithfully elaborated information in a region of extreme difficulty, 
which had hitherto received vastly less geological than mineralog
ical study. The state presented extraordinary difficulties, arising, 
first, from the absence of organic remains, those time-marks by 
which the geologist is able to recognize his position in the progress 
of mons past, and secondly, from the destruction of the traces of 
superposition by those orogenic disturbances which almost wholJy 
obliterated the records originally made; and finally, by the meta
morphism which had not only transformed the aspects and con
stitution of rock-masses, but had effected alterations of such varying 
nature and degree as to defy identification by the usual resemblances. 
In this trackless geological wilderness the geologist entered, 
meagrely equipped for his great work, and reported to the state 
and to the world the progress made from year to year, until lapse 
of time and exhaustion of means rendered it imperative to pronounce 
final verdicts. As a matter of obvious necessity, the geological 
conception underwent revision and augmentation with every sea
son's addition of knowledge. But it was a peculiar merit of 
professor Hitchcock's advaacing work that he was ever ready to 
announce the shape which his conception of the State's geological 
structure and history had attained after the latest acquisitions of 
observed fact. A less unsuspicious mind-perhaps it might be 
said, a more judicious method, would have enforced more reserve. 
The difference would be that a more prudent investigator would 
have reached thoughts not more mature and final, but would have 
held his "best thoughts" in reserve; while Hitchcock freely shared 
them with the public. It has been found possible to cast censure 
on professor Hitchcock that his annual announcements of status 
reached were so conflIcting and changeful; but a just and generous 
view must regard them simply as marks of the progress of ideas, 
and encouragments to all who may be grappling with equal diffi
culties. 

*Geology of New Hampshire. By C. H. Hitchcock, J. H. Huntington, Warren Upham 
and G. W. Hawes. Volume i, containing Part I, (1874) "Physical Geography," 668pp; 
Volume ii, (1877,) containing Part II, "Stratigraphical Geology." 685pp; Volume iii, 
(1878), containing Part III, "Surface Geology," Part IV, "Mineralogy and Lithology," 
Part V. "Economic Geology." 
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It occurs to the writer that it may be best to present first, the 
series ot provisional conclusions announced by professor Hitch
cock in the progress of his work. These are taken sUbstantially as 
compiled by Whitney and Wadsworth-the order of arrangement 
being inverted, in conformity with the method of this memoir.* 

ANNUAL REPORTS. 1860-1872. 

FiJrst AnnuaL Rep01·t. 1869. 

Upper Schists. 
<Quebec Group. 

Auriferous Conglomerate. 
Clay Slate. 
Copper Belt. 
Lower (mostly green) Schists. 
Staurolite Schists. 

White Mountain series (Gneissic, Granitic) 

2<1, AnnuaL Report, 1870. 

CIILY Slates. 
Calciferous Mica Schist. 
,CoOs Group. 
Lower Silurian. 

Quebec Group. 
Merrimac Group. 

Common Granite. 
Porphyritic Granite. 
Laurentian (?) Exeter Syenites. 
Eozoic (White Mountain or Gneissi" Se-

ries). 
Soapstones. 
Limestones. 
Quartzyte. 
Porphyritic Grunite. 
Syenite. 
Granite. 
'Chiastolite Slates. 
Andalusite Gneiss. 
Feldspathic Mica Schist. 
Granitic Gneiss. 
Ferruginous Gneiss. 
Normal Gneiss. 

3d AnnuaL Report 1871. 

Coos Group. 
Clay Slate and Quartzytes. 
Laurentian (?). 

Norian. 
Brecciated Granite. 
Trachytic Granite. 
Common Granite. 
Andalusite Gneiss (White Mount,ain 

Gneiss), 
Gneiss. 
Bethlehem Gneiss. 
Porphyritic Gneiss. 

4th Annual Report, 1872. 

DivisionS. 

Andalusite Slates of the Coils Group. 

*Bul!. Mus. Oomp. Zoot, Vol. vii., p. 396. 

Mica Schist. 
Quartzyte. 
White Mountain Series. 

Andalusite Gneiss, Ordinary and Im
perfect Gneiss, the Concord und Fitz
william Granite. Soapstone and Lime
stone. 

Granite Gneiss, 
Laurentian. 

Granite and Porphyritic Gneiss. 

Division 2. 

Norian (Pemigewasset Basin), 
Green Granite and Syenite. 
Four Series of Compact Feldspar. 
Spotted Granite. 
Common Granite. 

Laurentian. 
Franconia Breccia. 
White Mountain or Andalusite Gneiss. 
Bethlehem and Berlin Gneiss. 
Porphyritic Gneiss and Granite. 

Helderberg. 
Cambriun. 

Coos Group. 

Division 1. 

Decomposing Slates, Dikes. 
Calciferous Mica Schist. 
Mica and Argillaceous Schists. 
Quartzytes, Staurolite Schists. 

Auriferous Clay Slates. 
Huronian. 

Conglomerates and Quartzytes. 
Hydl'omica and Talcose Schist. 

PROO. AMER. Assoo. Anv. OF SOl., 1872. 
xxi, 134, 135, 150. 

II. Palreozoic. 
Clay Slates. 
Helderberg Limestones, 

1. Eozoic. 
5. Older Cambrian. 

Menimac Group and probably 
CalCiferous Mica Schist of the 
Vermont survey. 

Coos Group. 
4. Huronian. 

The Talcose Schist Series. 
3. Exeter Syenites. 
2. Norian. 

f. Hed compact and Crystalline 
Orthoclase Felsite. 

e. Dark compact Orthoclase 
Felsite. 
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d. Compact Labradorite Felsite. 
e. Ossipyte. 
b. Trachytic Granite. 
a. Common Granite. 

1. Laure.ntian. 
t. Range of Gneiss bet,ween 

Whitefield and Milan, con
siderably Hornblendic. 

c. Gneiss on both flanks of the 
Porphyritic variety in the 
south part of the State, car
rying tbe Concord and Fitz
william Granite, aud is 
probably the Beryl-bearing 
Series. 

d. Gneiss of Lake Winnipiseo
gee Basill. 

c. Bethlehcm or Talcose Gneiss. 
Ii. White Mountain Series or 

Andalusite Gneiss. 
eL. Porphyritic Gneiss. 

PROC. BOSTON Soc. NAT. RIST., J87:3. 
xv. 304-309. 

V. Palreozoic. 
B. Clay Sla te8. 
A. Helderberg LiIl1estonf'. 

IV. Mostly Cambrian (?). 
F. :Mount :Mote CongloIll61'ates. 
E. Green Granite. 
D. Clay Slates. 
C. COt'S Group. 
B. Merrimac Grollp. 
A. 1\IictL Schbts of Roekiugharn 

County. 
lIT. Huronian. 

Feldspar and 'ra](". 
Whitish Schhi1.s. 
Green Schist,;. 
r.ralcose and AUl'ift:.'l'OllS (~tlIlgJom

erates. 
II. Laurentian. 

H. Syenites of EXl·ter and Tripyra-
rnid. 

(J. J{eddish cOlllpact Orthoclase. 
F. Rell compact Orthoclase. 
Ji]. Dark compact Orthoclase. 
D. Dal'k COlllpaet Lahradoritl'. 
C. Ossipyte. 
B. Spotted Granite. 
A. Common Granite of the White 

Monntains. 
r. Laurentian (?). 

C. White l\'Ioulltailt 01' Anflnlu:-;it.p 
Gnoi':;:-:;. 

B. Bethlehem Gneiss. 
A. POl'phyritie Gnebs. 

PHOC. A:i'tlI<~It. Assoc. Auv. SCI.. J~7;J. 
xxii, 120-1:31. 

If'III1l1]A8CO[JCC Lalfr. 

Et)zoic. 
M.ica Belli,;t. 
Ernptivt' BYPllii't'. 

Labradorian. 
Felsites or Compact Feldspars. 
Erupt.ive Granites of the Ossipee 

Moun tains. 
l~aul'entian (?). 

White Mountain Series. 
'Vinnipiseogee Lake Gneiss Forma

tion. 
Porphyritic Gneiss or Granite. 

GEOLOGY OF NEW HAMPSHIRE, 1814 
i, 506-539. 

Helderberg Period. 
Mica Schist Period. 

Coos Group. 
Cambrian Auriferous Olay Slates. 
Merrimac Group. 
Rockingham Mica Sehist. 

Eozoic. 
Huronian. 

CongloDlerate. 
Serpentine with Silicious Schist. and 

Dolomite and Soapstone. 
Copper and Iron Beds. 

Labrador. 
Eruptive Syenite. 
Fine Sedimelltary Deposits. 
Oboe-orun. Granite. 
Albany Granite. 
Conway Granite. 

Atlantie. 
Franconia Breccia Group. 
Montalban. 
Lake Gneiss. 
Bethlehem. 

Laurentian. 
Porphyritic Gneiss. 

WALLING'S ATLAR OF NEW HAMPSHIRE, 

PahBOZuic, 
Silurian. 

1877. 

Slates, Conglolnerates, etc. 
Helderberg Limestones. 

Canlbl'ian. 
lilt. Mote Conglomerate. 
Clay Slates. 
CoOs Group. 
Cal~iferous Mica Schists. 
Hockingllam Schists. 

Huronian. 
Auriferous Conglorne-rate. 
Lyman Group. 
Lisbon Group. 

IJabradol' or PenligeVol[l.sset. 
Exeter Ryenites. 
Compact Feldspar. 
Ossipyte. 
Chocorua Granite. 
AIlJany Granite. 
Conway Granite. 

Atlanti<:. 
Franconia Brecda. 
Ylontalban or White Mountain Serie._ 
Lake Winnipiseogee Gneiss. 



Bethlehem Gneiss. 
Laurentian. 

Porphyritic Gneiss. 
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Montalban. 
Franconia Breccia. 
Fibrolite Schists. 
Ferruginous Schist.s. 
Concord Granite. 
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GEOLOGY OF NEW HAMPSHIRE, 1877. 
ii, 674, 675. 

I. Stmtifted, Groups. 
Palreozoic. 

Gneiss and Feldspathic Mica Schist, 
Laurentian. 

Lower Helderberg. 
Oalclferous Mica ~chi~t. 
OoOs Group. 

Staurolite Slate. 
Mica Schist. 

Lake Winnipiseogee Gneiss. 
Bethlebem Fine-gralnea Gneiss. 
Bethlehem Ordinary Gneiss. 
Porphyritic Gneiss. 

II. EmpUve Musses. 
Quartzyte. Augltlc. 

Oambrian Slates. Diabase. 
Palreozoic (?). Diorite. 

Kearsarge Andalusite Group. Feldspathic. 
Rockingham Mica Schist. Trachyte. 
Merrimac Group. Pequawket Breccia. 
Ferruginous Slates. Porphyry. 

Eozolc. Labradorite Diori.te, 
Upper Huronian. Granitic. 

Auriferous Conglomerate. Exeter Syenite and Diorite. 
Lyman Group. Syenite of Mt. Gunstock, &c. 
Lisbon Group. Granite not otherwi.e Assigned. 
Swift Water Series. Granite cutting Coils Group. 
Hornblende Schist. Chocorua Series. 

Lower Huronian. Albany Granite. 
Labrador. Conway Granite. 

In a region where palooontologicltl aids to investigation are want
ing, the geologist must rely on indications of superposition, physical 
conformities. characteristic minerals and petrographic resemblan
ces. The application of the petrographic criterivn is involved in 
distracting difficulties by the progressive and unequally-paced 
changes which crystalline aggregations have undergone in the 
presence of the dynamic agents of geology. Hence the greater 
necessity for seeking always the evidences from superposition. 
Professor Hitchcock, with a true evaluation of the only expedients 
available, enunciated in 1873, the fundamental principles by which 
he was guided: 

"Logan, in 1855," he says, "described 8 system of rocks overly
ing unconformably the Laurentian gneisses about Lake Huron, 
which ~ere distinguished by means of lithological characters. All 
geologists, therefore, who use the name Huronian, of necessity 
practically adopt this principle, though perhaps insensibly. We 
do not claim that a talcose rock can never be found in any other 
system than the Huronian, nor that gneiss may never be stratified 
with th~ hydromicas. Professor Dana's recent paper shows that 
gneisses, quartzites and limestones are interstratified in the Silur
ian of western New England. * In no instance would we claim 
that mineral character is sufficient to distinguish systems without 

*Proc. A'me,,, Assoc., 1873, Sec. B, p. 147. 
-12 
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a study of the relations of the strata. We may sometimes gener
alizA, and believe that rocks of similar mineral characters must be 
of the same age, but such speculations must always provide for 
confirmation by a study of the strata."* 

An application of the mineralogical criterion is seen in what, in 
the report for 1870, is called "porphyritic gneiss." 

"There are over Thirty areas of porphyritic gneiss in which the 
feldspar crystals are very conspicuous for their size, the rock be
ing the Augen-gneiss of Europe: I assume that all the areas of 
this rock are identical in age, and in speculating upon the relative 
positions 6f the intervening groups, rely upon the correctness of 
this starting-point.** The fact of minor differences would seem 
to confirm our assumption of their identity in age, just as the 
palooontologist finds, from the presence of the same fossils, proof 
of contemporaneity in the rocks with dissimilar mineral character. 
From these facts it is inferred that the porphyritic gneiss is older 
than the Lake or the Montalban gneisses, the last being the n€w
'est. ** It may as well be said now as at any time, that nothing 
older than the porphyritic gneiss has yet been discovered. This 
formation constituted the first dry land in thl'l State."t 

Professor Hitchcock's changes of opinion are illustrated in his 
record in reference to the Norian. This division, following Hunt, 
was first introouced into the report for 1871. Of its relative posi
tion he says: 

"All will agree that the mineral labradorite belongs to the origi
nal Laurentian system; and therefore, by its discovery in New 
Hampshire, will be satisfied that some of our crys'talline rocks be
long to the older series of the Eozoic, and not the Palooozoic. Hence 
the prevalent opinion respecting the ageof the New England metam
orphic rocks must be changed to conform with the discovery of 
labradorite in our state."" '" Our conclusions as to the absolute and 
relative ages of the New Hampshire formations depend upon.the 
reference of some of them to the Norian system of Hunt."! 

Professor Hitchcock, therefore, in establishing the high geolog-

*Pro. Amer. As,oc., 1873, Sec. B. p. 147. 
fF'inaL Report vol. ii, pp. 659, 660, 663, 664. 
:r.Report, 1871, pp. 4-10. The allusion made in the above paragraph may be illustrated 

by the following citations: "To the Ohemung and Portage group of New York' 'may 
perhaps be referred, in part, the rocks of the White Mountains (Hunt, Amer. Jour. Sci 
1850, II. ix, p. 19; Proc. Amer. Assoc. 1849, II, pp. 333,334.) "It is moreover ])robable that 
the rocks of New Hampshire, including the White Mountains, are altered strata of 
Devonian age." (Hunt, Geot. of Canada, 1863, p. 598.) The same opinion was reiterated 
in 1867 (Esquisse geolof/ique du Canada, p. 23; BuLl. Soc. oeowaique de France, 1867, II, xxiv. 
p.687.) In 1860, professor.T. P. Lesleyexpressed the opinion that the range of the White 
Mountains would prove to be synclinal instead of anticlinal, and therefore of probable 
Devonian age. (Proc. Acad. Nat. SM. PhiL., 1860, xii, pp. 363-364.) Logan, also, accord-
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ical antiquity of the White mountains, had a long-strengthening 
sentiment to combat. It was recognized however as Norian by 
Hunt, in 1873.* 

In 1872, Hitchcock more formally defended the supposed sedi
mentary character of these rocks: 

"It is a perplexing matter todetermine the lines of stratificatioJl, 
as the outcrops are divided by two prominent setsof jointed planes, 
either of which might be called layers of deposition, the rock being 
essentially homogeneous. One set dip 20° northerly, and are the 
most numerous, The other dip about 75° WLOQS."t 

In the Report for 1872, published later than this, he adds: 
"As the latter [jointsJ corret:!pond better in position with the 

supposed strata of nodular gneiss, it was thought they indicated 
ihe proper lines of deposition."~ 

These beliefs were iterated in 1872. Referring to the same 
locality and the same terrane, he says: 

"The rock seems to be stratified, its planes dipping about 20° 
northerly * * The importance of this discovery may be best 
appreciated by remembering that the~presence of the lime feldspars 
affords a strong presumption that the rocks are Eozuic, and not 
metamorphic Palffiozoic formations. It seems to be generally ad
mitted by geologists that the feldspars are confined to the older 
rocks, except as found in eruptive trapppan and volcanic masses."§ 

In the second volume of the Final Report, he adheres to the 
same opinions: 

"I was at first satisfied that this rock was gneiss, but did not 
recognize its true place in the porphyritic group. Subsequently 
I referred it to the "trachytic" or Albany granite, but a re-exami
nation in 1875, shows that it belong3 to the oldest of our forma
tions, and is distinctly stratified, traversed by trap dykes, and 
narrow banded veins of quartz * * The labrudorite rocks with 
a very moderate dip, rest unconformably upon the greatly upturn
ed edges of the Montalban schists, as if there had been large up
heavals at the close of the Montalban period, and comparatively 
little disturbance since. * * The facts as interpreted, are of great 
consequence, since they fix the geological horizon of the whole 

ing to Hunt, regarded them as probably "altered Devonian strata" (.4zoic Rocks pp. 
·86.87,182.) (See also Amer. Jour. Sci., II, ix, 19, 1810; II, xxxi. 403, 1861.) In lti70, H LInt 
pronounced the White mountains Terranovan. Amer. Jour. Sci., H. \. 83-00, 1870. The 
various o!cler opinions are reviewed at length by Hitcllcock in Final Report, ii, 184, 
198,264-7. 

*Proc. Boston Soc. Nat. Hist. xv, p. 310,1873. 
t"The Norian Rocks of New Hampshire," Amer. Jour. Sci. III, iii, 43-47, 18'72. 
:j:Arm. Rep. 1872., pp. 15, 16. 
§Proc.Amer. ASSOC., 1872., xxi, pp.135-151. 
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Atlantic system, while considerations of a stratigraphical character 
confirm this impression. * * The discovery of the Labrador sys
tem, overlying the most abundant and characteristic White Moun
tain strata, makes it clear that the latter are older than the former, 
which are confessedly Eozoic."* 

In spite of this oft repeated conviction of the sedimentary nature 
of these labradorite rocks, and of their occurrence in seven differ
ent areas among the White mountains, we find professor Hitch
cock on a later page of the same volume, employing the following 
language: 

"The Labrador system, if present in New Hampshire, is in very 
limited amount. Recent investigations make it difficult to say 
that the labradorite rocks are not of eruptive character. They 
have the composition of dolerite; and certain exposures of them 
upon Mount Washington are surely injected dykes. Hence great 
doubt arises whether the larger area of Waterville really repre-. 
sents the Labrador system of Canada. At all events, its age is 
great, for these dykes cut through the Montalban strata [He h9.d 
very recently said the labradorite rocks rest discordantly on the 
upturned edges of the MontalbanJ. This dolerite may be regarded 
as one of the oldest eruptive rocks in the State, coming to the sur
face in what was the labrador age of the world."t 

The eruptive nature of this mass was detected by Dr. Hawes; 
and is recorded in the third volume of the New Hampshire re
port, dated 1878, though it does not appear at what date Part iii 
was printed, nor at what earlier date it was prepared. He says: 

"Gabbro is found in immense masses in Waterville and in the 
vicinity of Mount Washington. The relationships of its masses to 
the surrounding strata are not so easily determined as those of the 
little dikes of diabase and diorite, the walls of which are usually 
plainly seen; but at some points the rock possesses all the struc
ture of an eruptive mass and when, in other places, this is not 
found, the evidence furnished by more favorable localities, as well 
as that furnished by allied rocks in other lands where they have 
been more thoroughly investigated, must at present be decisive."! 

Dr. Hunt now found occasion to change his position: 
"The labradorite rocks in the White Mountains, which had by 

Hitchcock been referred to norite, are now found by him to be 
eruptive masses."§ 

The "porphyritic gneiss" always commanded the attention of 
*F-inal Report II. pp. 214,258,266. 
*F'inal Report, ii, p. 067. 
;t.Final Report New Hampshire. Iii, p. 165. 
§Azoic Rocks, p. 151. 
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professor Hitchcock. He early published observations as follows: 
"The sections givAn of the common granite, trachytic granite and 

the Norian series (or at least certain felsites) seem to determine their 
l'elativA positions, the last being at the top. The brecciated gran
ites of Franconia S8em to be older than any of these and to under
lie them. * * If these points are assumed, the porphyritic gneiss 
can be shown to be at the bottom of the series, for it lies outside 
of the lowest of them."* 

In the next annual report the "porphyritic group is described 
as consisting "mainly of gneiss full of large crystals of orthoclase 
feldspar, associated with ferruginous and other bands. It is re
garded as the oldest of all the formations in the State," for reasons 
which are enumerated."t 

The position of this gneiss is again referred to: 
"If the felsite series is of the age of the Upper Laurentian or 

Labrador of Logan, then by the law of superp:1sition, the strata 
'Underneath the common granite are Lower Laurentian. Observa
tion showed us, at this phase in the development of the White 
M0untain structure, two gneisses and a breccia underneath the 
granitic sheet. The most important is the "Porphyritic gneiss," or 
granite sometimes. This is a gneiss having large crystals, usually 
{Jne and a half inches long, of orthoclase, arranged in layers in the 
mass, with the longer axes parallel to each other. These we con
(leive to be the strata.* * 

"The descriptions of the Laurentian rocks in Oanada and Europe 
make mention of large quantities of porphyritic gneiss; hence we 
feel warranted in referring these lower schists to the Laurentian 
system. We have found nothing older in the state." t 

Again, in a later discussion of the parallelism of the groups rec
,ognized in New Hampshire, having mentioned the Oanadian sys
iems, Laurentian, Labrador, Huronian a"!ld Oambrian, he says: 

"The first two of our groups may be referred to the oldest of 
these, the L'lllrentian, without hesitation. We do not possess ex
haustive information about the occurrence of this oldest system in 
·other regions. So far as is understood, there are two sorts of asso
ciated rocks in its typictl.l localities, one being largely pyroxenio. 
That variety is wanting in New Hampshire. A porphyritic or 
Au,qen.gneiss is eminently characteristic of the fundamental rocks 
in every part of the world; and hence ours may readily be called 
Laurentian. * * [After correlating sU:cceeding New Hampshire 

*Annual RepoTt, 1871, pp, 25·27, 
t Annual Repon , 1872, p 11. 
:J:Proc, AmeT. Assoc., 1872, XXi, pp, 145·6, 
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groups, he continues. J The Montalb:tn series are certainly not: 
characteristic of the Laurentian. * * Dr. Hunt is satisfied that 
they overlie the Huronian or greenstones. Our own observations 
lead to the view that the typical Montalban rocks underlie the 
same, as recently stated, though the precise relationship is not be
yond controversy." * 

I make but two citations further bearing on the structural char· 
acter and taxonomic disposition of New Hampshire Archrean rocks. 
The first is connected with the genesis of certain systems: 

"If these granites behave like a stratified formation, of course 
the question is at once raised whether they should not be regarded 
as true strata. The answer cannot be given from position merely. 
since it is not uncommon to find sheets of trap or lava holding a 
perfectly analogous position. We have preferred to think of the 
White Mountain country, at the end of the Laurentian period, as 
an immense basin. upon which there was an overflow of common 
granite. Being liquid it spread itself out like water, assuming a 
horizontal surface. After a while, there was an eruption of trachytic 
granite, which spread itself in the same way. Subsequently 
the felsites were formed above them conformably. It would be 
natural to regard these granites and felsites as belonging to one 
period, the Norian. The limits of this syst'3m have not been fix.ed;. 
and it seems as if in New Hampshire. it should commence in the 
common granite and end with the red orthoclase felsite."t 

The second citation ie. an observation of Mr. Huntington, who, 
say" of the porphyritic gneiss: 

"'1'he fact that rounded fragments of a dark gneiss are found in 
the porphyritic. shows that the porphyritic rock in Fitzwilliam is 
either intrusive. or that in the process of metamorphism, these 
fragments were not obliterated, and that the dark gneiss - whicla 
is very limited, but redem bles some varieties of the Bethlehem 
gneiss - is the older rock." t 

Reference has been made to the evidence borne on the pages of 
the Vermont and New Hampshire reports. that the geological dis
order reigning in those states is nf the most perplexing character. 
Observations of strike and dip defy co-ordination, except within 
very limited areas. Many pages are devoted, in different portions 
of the second volume, to records of dip and strike, but no general 
tendencies to groups or systems of strikes is distinctly apparent. 

*Final Rep01't. ii, 668, 669. See further, pp. 98, 99, 102. 274. 

*Proc. Amer. Assoc., 1872, xxi, 145. 
*Fmal Report, ii, 472. See also, pp. 513-514. 
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I copy at random, for illustration, the records made of the dip of 
the rocks of the "Montalban series" in a single town, Grafton: 

At McReHon's, S. 60° E., 72 0
• 

At mica quarry, N. 32 0 E., 80°. 
At west side, S. 50 0 E., 75 0 • 

At north, S. 63 0 E., 70 0 • 

At t mile southeast of J. Martin's, S. 78° E., 70°. 
At Alger hill, N. 62 0 E., 75°. 
At H. Bullock's, S. 38° E., 50 0 • 

At Prescott hill, N. 82° E., 40 0 • 

t mile northeast of T. Foss', S. 65° E., 70. ° 
At Mrs. Arvin's, S. 62 0 E., 78. 0 

At 'fewkesbury pond, S. 33 0 E., 75. 0 

Nevertheless, professor Hithchcock has given us, near the close 
of this volume, a chart of "Principal axial Lines of Vermont and 
New Hampshire." He says: "This is the final summing up of all 
the multitudinous observations of this rerort. * * This map and 
the statements of the last few pages are the key to Part II. They 
are the generalizations derived from our entire work, both in the 
New Hampshire and Vermont surveys."* 

Turning to the chart, we observe a series of broadly sinuous lines 
drawn across the two states,having in western Vermont a general di
rection nearly north and south; in the eastern part ofthe state, a gen
eral conformity to the trend of the Oonnecticut river; and in New 
Hampshire, a still stronger tendency to a NNE direction, with some 
irregularities in the White Mountain region. These are simply 
lines of o1)served structure. 'vVe are told also, that at every point, 
they are the average of the different strikes observed. This is 
worth something; but geologists will be better satisfied, when, 
from this multitude of discrete data, some later hand, if not pro
fessor Hitchcock's, shall havfl evolved the deep historic and gene
tic truth concerning the sequence and vicissitudes of this puzzling 
complex of terranes. 

THOMAS BENTON BROOKS. 

1873. The progress of the investigation undertaken by'Major 
Brooks under the auspices of the Geological Survey of Michigan, 
in 1869, was shaped by complete sympathy with the general views 
then prevailing; and those, it is just to say, were strictly Oanadian. 
The Oanadian survey had settled in the conviction that the iron
bearing rocks of the Marquettfl region were all of one age, and they 
were of the same age as the rocks north of lake Huron which they 

*Fi1Ut! Report. II, p. 673. 
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had long known as Huronian. Thus tha geologists of Michigan came 
into the traditional belief that the whole territory of the Northern 
Peninsula of the state was covered by the Huronian and Laurentian 
systems-save the recognized Lower Silurian angle at the east
the St. Mary's peninsula. Major Brooks, as thCl result of four 
years of investigation, concluded that the whole geology of the 
Marquette district above the Laurentian, might be embraced in 8 

certain number of groups, which he designated numerically. As 
the characterization of these groups will be the best exhibit of 
major Brooks' views, and as these numerical designations are 
necessary m'l,tters of frequent reference among geologists, they 
will he at once presAnted. * 

XX. Granites southwest of Lake Michigamme (Taken from 
Wis. Rep., iii. 648. 

XIX. Grayish-black Mica.Schist, often staurolitic, and holding 

XVIII. 
XVII. 

XVI. 
XV. 

XIV. 

XIII. 
XU. 
XI. 

X. 
IX. 

VIII. 
VII. 
VI. 
V. 

IV. 
III: 
II. 
I. 

andalusite and garnets, Rarely chloritic schists. 
(Doubtful). Quartzyte west end of Lake Michigamme? 
Anthophyllitic schist, with iron and manganese. 
(U ncertain.) Contains some hrematite. 
Argillyte. 
Quartzyte, often conglomeritic. Position immediately 
over the ore. Contains neither marble, talc nor novac
ulyte; very rarely argillyte. 
Specular and magnei£c ore. The principal bed. 
Banded, ferruginous, J aspery schist. 
Coarse dioryte, with a light grayish and reddish feldspar. 
Silicious, ferruginous schists. 
Dioritic rock. 
Silicious, magnetic schists. "Flag-ores." 
Dioritic rocle. 
Silicious, magnetic, banded, chloriiic schists. 
Quartzyte, sometimes containing marble (used as flux) 

and beds of argillyte and novaculyte. Very persistent. Very 
seldom conglomeritic. 
Silicious, ferru[Jinious schist. 
Silicious, ferruginious schist. 
Silicious, fen'uginous schist. 
Silicious, ferruginous schist. 
[The crystalline schists follow below.] 

"These beds," he says, "appear to be metamorphosed sedimeD.
tary strata, having many folds or corrugations, thereby forming in 

*'l'he t·able is compiled from the Michigan Repo1i;, Vol. i, pp. 85-116. 
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the Marquette region, an irregular trough or basin, which, com
mencing on the shore of Lake Superior, extends west more than 
forty miles *" *" While some of the beds present lithological char
acters so constant that they can be identified wherever seen; oth
.ers undergo great changes. Marble passes into quartzite, which 
in turn, graduates into novaculite; diorites almost porphyritic, are 
the equivalents of soft magnesian schists. * l{. The total thickness 
of the whole series in the Marquette region, *" *" may aggregate 
5,000 feet. 

"Near the junction of the Huronian and Laurentian systems, in 
the Marquette region, are several varieties of gneissic rocks, com
posed in the main of crystalline feldspar, with glassy quartz and 
much chlorite. Intersecting these are beds of hornblendic schist, 
argillite and sometimes chloritic schist. These rocks are entirely 
beneath all the iron beds, seem to contain no useful minerals or 
ores, and are of uncertain age. No attempt is here made to de
scribeor classify them." (p. 84.) 

Of the "diorytes, dioritic schists and related rocks" he says: 
"These obscurely bedded rocks *" *" range in structure from very 
fine-grained or compact (almost aphanitic) to coarsely granular 
and crystalline, being sometimes porphyritic in character. >I' *" On 
the one hand it graduates into a heavier, tougher, blacker variety, 
which is unquestionably hornblende-rock, with some feldspar. * * 
On the other hand, it passes into a softer, lighter colored rock, of 
lower specific gravity, which while it has the same streak, weathers 
similar to true diorite, is eminently schistose in character, split
ting easily, and appearing more like chloritic schist than any other 
rock. (p.99.) 

"At several points, dioritic schists, semi-amygdaloidal in char
acter, were observed; and in one instance, the rock had a strong 
resemblance to a conglomerate." (p. 99.) 

"At Republic mountain, a doleritic schist gmduates into a black 
mica-schist," (p. 100). Dr. Hunt expresses the opinion that in the 
case of Marquette diorites the hornblenclic mineral often becomes 
'Softened and hydrated, passing into a degenerate form more nearly 
allied to chlorite or delessite (in which water is an essential con
stituent) than to a true hornblende." (p. 101.) 

"The bedding of the rocks is generally obscure, and in the 
granular varieties, entirely wanting. It is usually only after I:t full 
study of the rock in mass, and after its relations with the under
and overlying beds are fully made out, that one becomes convinced. 
whatever its origin, it presents in mass, precisely the same pheno-
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mena, as regards stratification, as do the accompanying schists and 
quartzites." (p. 102.) 

Of magnesian schists, ("mostly chloritic,") he says: 
"Intercalated with the pure and hard mixed ores at all the mines 

worked in formation XIII, are layers of a soft, schistose rock, of some 
shade of grayish-green, and often talcy in feeling. * * It is un
questionably a magnesian schist, varying from chloritic to talcose 
in character, and sometimes apparently containing a large percent
age of argillite." (p. 104.) 

"A very peculiar occurrence of this rock are the so-called 'slate
dykes,' which can be seen at the New England, Lake Superior and 
Jackson mines, but still better in the quartzite ridge just north of 
the outlet of Teal Lake."* 

Speaking of the quartzyte (No. XIV,) he says: 
"As if to leave in our minds no shadow of doubt as to the sedi

mentary origin of this rock, nature has, in addition to the con
glomerate on the Spurr mountain range, given us a variety of the 
Upper Quartzite, which can only be described as a fine grained, 
friable banded sandstone." (p. 108.) 

In discussing argillytes, he says, in addition to beds interstrati
fied in the quartzytes: 

"At least two distinct beds of argillite have been made out; one 
immediately beneath the ferruginous schist of formation X, to be 
seen in outcrop on the south shore of Teal Lake, near west end, 
and in the rail-road cut about one mile eastof ~ egaunee. Another 
and far more extensive bed is XV, which forms the stratum next 
above the upper quartzite. 0.)101' usually dark brown or blaekish; 
but where associated with the marble, it is sometimes reddish. It 
has a true slaty cleavage distinct from the bedding. * * Black, 
carbonaceous matter is often present." (p. 111.) 

"Beyond the limits of the Marquette region, we find in the re
cently explored Huron Bay District, the finest clay-slates so far 
discovered in Michigan."t Within the Marquette district, he finds 
a carbonaceous shale more highly charged with graphitic material, 
"of a bluish-black color, but burns white before the blow-pipe, 
marks paper like a piece of charcoal, is soft and brittle, slaty in 
structure, and having a specific gravity of but 2.06." 

"This rock has been found in the Marquette region only at two 
localities: 1. The S. O. Smith mine, T 45, R 25, where it seems 
to bound the iron ore formation on the northeast. 2. On the 
south side of Sec. 9, T. 49, R. 33, along PlumbRgo brook." Analy-

*See this occurrence described by the writer in XVI Ann. Rep. Minn. p. 180. 
tThis shale is recognized as identical with that occurring west of lake Gogebic. 
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sis gave professor Brush 20.86 percent carbon. "The analyses 
prove the material to have no commercial value, but possesses 
scientific interest as proving the existence of a large amount of 
carbon in the Huronian rocks. The equivalency of these shales 
with the members of the Marquette series has not been established; 
they are undoubtedly Huronian. and are, I suppose, younger than 
the ore formation XIII." (U6.) 

Major Brooks reported also. in a condensed way, on the Menom
inee Iron Range (pp. 157-182,) and very briefly. on the Lake 
Gogebic and Montreal river Iron Range (pp.183-6). In connection 
with the latter. he presents a section showing the unconformable 
junction of the (so-called) Huronian with the (so-called) Lauren
tian. 'rhis is the same unconformity as has since been pointad out 
by Sweet, Irving and others. * 

1879. Major Brooks, in 1879, made further publication of his 
views respecting the Menuminee region, and particularly, that part 
of it which extends into Wisconsin. t Of his earlier Michigan 
work he makes the following memorandum: 

" My reconnoissance of the northeastern side of the Menominee, 
the results of which are given in the Gf'ological Survey of Michi
gan, vol. I, 1873. gave valuable data; but that work on the whole. 
was incomplete and crude, and will be superceded by this report. 
which is, however, not complete in several directions."! 

He recognizes the" Keweenaw (copper series)" among the rocks 
of his district. The Huronian. he states, is "known to rest non
conformably on the granite and gneissic rocks, regardad as of 
Laurentian age." [He is here understood to refer to the Penokee 
unconformity.] As to the Huronian, he claims to have succeeded 
in determining, in the Menominee region, the equivalents of his 
numbered groups in the Marquette region; and it will be useful 
to reproduce the essential parts of his table: 

XX. Granite, gneiss and porphyryte. 
XIX. Mt'ca-schist, hornblende-schist and .qne'iss. Black, sub

carbonaceous slate and chloritic schists. 
XVIII. (N ot observed.) 

*Trans. Wis. Acad., 1875-6, III, 43-44; Amer. Jour. Sci., 1877, III, xiii, 308. This Whitney 
and Wadsworth call a" supposed unconfornuLbility" (Butl. M,~,. Compo Zool., vii, 495, 
!96, 497), adding that "the proof advanced was, that the foliation of the granite and 
gneiss dipped at a different angle from that of the Huronian rocks," * * "They have 
failed to observe the pbenolOena of contact, when seen, beyond the mere fact of a diff
erent dip to the foliation observed," Such too frequent rude contradictions migbt with 
more courtesy have given place to expressions of doubt; but, with more justice, to 
eXpressions of respect for t,he aut.hority of such excellent observers. 

tGeologij ot Wisconsin, vol. III, Pt, vii, pp, 429-459, with appended microscopical obser
vations by Dr. Artbur Wichmann (of Leipzig), pp, 600-656, and Appendices, pp, 657-663. 

;GeolorlY ot Wisconsin, iii, p. 431. 
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XVII. Gray gneiss with small crystals of triclinic feldspar, and 
large ones of orthoclase. Associated with hornblende
chloritic-and micaceous-quartz-sohist. The Common
wealth Iron horizon. 

XVI. 

XV. 

XIV. 

Schistose greenstone, with micaceous, chloritic, quartzose 
varieties. Dioryte (gabbro?). 
(Not identified.) 
Light-gray, specular, conglomeritic quartz-sohist, con
taining mica and magnetite. 

XIII-VIII. ( Not identified.) 
VII. Gray and red, soft, unctous, hydromioaoeons schist, grad

uating into clay-slate. 
VI. Iron ore. Banded, quartzose, ferruginious schist. 

V. Dolomite marble with cherty lamime. Very thick and 
plominent. 

IV and III. (N ot identified.) 
II. Lower quartzyte, massive to semi-schistose, arenaceous, 

in places micaceous and actinolitic, with occasional spec
ular ore. Felch mountain supposed in this horizon. 

I. Chloritic gneiss; hydrous-magnesian schist; slate-con
glomerate; quartzyte and perhaps dioryte. (Possibly 
Laurentian.) 

Oomparing the Huronian rocks of different regions, Major Brooks 
reaches the following conclusions: 

1. The Huronian rocks are gell8rally rich in species and varie
ties, but the maximum of varieties is found in the Marquette and 
Menominee regions." 

2. "The points of resemblance between the Marquette, Menom
inee, Sunday Lake and Penokee series are so numerous as to point, 
I think, unmistakably to their having been formed in one basin, 
and under essentially like conditions." 

He adds: 
"Those who are not disposed to admit that lithology affords 

much assistance in identifying rock-beds over even small areas, 
should have in mind that the Lower Silurian sandstone can now be 
seen quite uniform in character, over a much greater area in the 
same region. Almost the same re.mark may be made of the under
lying Keweenian rocks. Cannot approximately as favorable con
ditions have existed for the formation of a particular kind of rock 
over a smaller area at the earlier period ?"* 

*Ueology uf Wiscons'in, iii, 449-50. 
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NEWTON HORACE WINCHELL. 

1873. rfhe second season of the Geolvgical survey of Minnesota 
found professor Winchell engaged in an examination of the geology 
of the Minnesota river. In describing the outcrops of the" Gran
ites of the Valley," * he noted some features which, in his later 
researches have proved to possess great significance, the older 
observers either not having noticed them, or failed to inquire 
under what conditions they have been produced. This granite is 
the common ternary variety .. In the neighborhood of Granite 
Falls, he says. in his description, "there are sudden changes in the 
rock, from real granite to hornblende schist. These occur irregu
larly." He speaks of the formation as ha"ing a dip, and supposes 
it due to original sedimentation. 

1880. The ninth annual reportt of the Geological survey of 
Minnesota contains "A Preliminary List of Rocks," 442 in number, 
collected by professor Winchell, on a tour made during the 
season of 1878, from Duluth along the north shore of lake Super
ior, to Pigeon point, and thence through the interior by the line of 
lakes and streams marking the international boundary, westward 
to Vermilion lake, and still thence to the Mississippi river. Both 
portions of the route had been previously traveraed-the line from 
Grand Portage along the boundary, by Houghton, Norwood, the 
Oanadian geologists, and a long succession of traders; but ne 
previous explorer had gone with so settled a purpose to penetrate 
the mysteries of the off-shore geology; and no one had made its 
study the chief end of his visit. Norwood was on a hasty reconnais
sance over an extended line; Houghton made a brief excursion as 
far as to Mountain lake and returned; and Bell passed over the 
route chiefly for the purpose of reaching the Oanadian territories 
about the Lake of the Woods. The tour of 1878 was somewhat 
carefully studied, step by step. Not only were rock masses invest
igated petrographically and structurally, but the plans of the con
tours of the country, the systems of their building up, the great 
obvious movements by which juxtapositions and superpositions 
had been effected-these fundamental phenomena were all taken 
in by a broad sweep of observation, and the problems connected 
with them, if not at the timE' resolved, were placed in the midst of 
surroundings which continued thereafter to throw important light 
on them. It is worth the while to note some of the observations 
made-at the time, apparently isolated, but afterward wrought 

*Second Annual Repott of Minne$ot(l., 1873, pp. 160-1,'6. 
tNi.nth RepOlt, pp. 10-114. 
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into the great geological conceptions which seem now to represent 
much of the truth. 

On the west side of Grand Portage, slate was seen which was 
probably the first recognition in Minnesota of the Animike forma
ion, isolated by Hunt in 1873, and of which so much was to 
become known. Tilis is subsequently iden tified as the "silico
argillaceous slate" of Norwood. The" slate and quartzyte of 
Pigeon River Falls" are said to dip south. Numerous islands off 
the shore are visited. The principal rock-axis of Pigeon point 
penillE ula, is, he says, "not evidently a dyke, but a massively 
bedded or coarsely jointed formation which extends west, and soon 
rises over fifty fept from the water, and shows a basaltic, mountain
like structure. It resembles tile rock and structure of Rice point 
(near Duluth) and may be parallelized with it in age,and here is 
associated, as there, with a red, metamorphosed rock. Here, how
ever, it is a part of the Animikie beds of Dr. T. Sterry Hunt, 
which would therefore seem to be only a downward extension of 
the Cuprifp.rous series." 

Proceeding as far as Mountain lake, he remarks" that these hills 
are all short monoclinals of gray q uartzyte, with beds of argilla
ceous and black: slate, dipping uniformly in a southerly direction, 
and covered with a greater or less thickness of the trap rock 
(gabbro?) of the country-thet.rap being sometimes one hundred 
feet thick, but generally less than fifty feet, and often the only 
rock seen, the lower beds being hid by the copious talns. 'fhe 
slate in some places has a dip slightly southwest, and the inclina
tion amounts, usually, to about 8 or 10 degrees. The trap also dips 
with the slate, so that the hills bave gradual slopes toward the south 
and steep slopes toward the north, or are perpendicular-indeed, 
they most frequently are perpendicular for about tWAnty-five feet 
from the top, or even one hundred feet, the trap having a widely 
basaltic structure, which causes it to fall away in perpendicular 
columns; the slate and quartzyte also, have frequent perpendicular 
jointage planes, which also facilitate the perpendicular breaking of 
the beds. The quartzyte is evenly and conspicuously beddedt 
without any confusion, but alternates, both gradually and suddenly 
with the black argillaceous slate. The most of it as far as seen to 
this place, is gray quartzyte. This quartzyte must be an immense 
formation, as it is that seen at Grand Portage, and all over Pigeon 
point, and the islands off the point." 

*Ninth Report, pp 69-70. 
i'The beds called here" qllartzyte" are what the writer, In speaking of these forma

tions, has styled interbeddings of "silicious (often jaspery) schist." 
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"Several important questions pertaining to the geognosy of this 
formation arise in an attempt to describe it, which must, for the 
present, remain unanswered, but which, perhaps, future examina
tions may solve: 

1st. Is this trap older than the uplift of the hills, or did it come 
over the country when the uplift occurred? 

2d. Are the dykes that are seen crossing this trap (as at the 
foot of South Fowl lake) of the same age as the trap, or are they 
subsequent to it? 

3d. How much of the topography h8re is due to glaciation? 
4th. Do the monoclinal hills run under each other, or are they 

each separate and isolated uplifts? 
5th. Can these beds of supposed igneous rock be due to a 

change in the sedimentary rocks, instead of igneous outflow? 
6th. Why is there an entire absence of amygdaloids?" 
Arriving at the north side of Gunflint lake, he notes "hydromica 

( ?) slate." "This rock rises in knolls and hills one above the 
other, irregularly disposed. The slates stand nearly vertical, run
ning E. 20° N. This passes insensibly into the next," and" gradu
ates back and forth." rrhis resembles some forms of the slate at 
Thompson on the St. Louis liver (p. 82). Belonging to the same 
formation is a" greenish, porphyritic rock (with albite ?), having 
an imperfect, schistose and fibrous structure, and some free quartz, 
embraced much like veins, in the slate. It is not vein matter, but 
gradually changes to the slate, right and left, the slates standing 
nearly vertical. 

"This outcrop is supposed to belong to what the Canadian 
geologists have styled the Huronian. It underlies the quartzyte 
and Gunflint beds [now known as Animike slates 1 apparently un
conformably. At least, it is another and distinct formation from 
the slates at Grand Portage" (p. 82). 

It is to be regretted that this clew was not followed up. This is 
the discordance which has become celebrated:* 

Coming to the characteristic black, silico-argillitic slate which 
gives name to Knife lake, he styles this rock "a light green, tough 
magnesian rock [which I can perhaps be designated a chloritic or 
serpentinous quartzyte," and recognizes it as belonging to the 
(then called) Huronian slate series; and thus, fourteen years ago, 
excluding it from the crystalline schist series, to which, later, it 
has been referreu. 

1881. A similar journey was made in 1879, and the results are 

*Compare also, p.l02 at bottom, and notice the curious speculation, p. 103. It is evi
dent from this that it remains to discover flint and jasper beds in the Kewutin. 
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found in the report for 188 L:* The studies attending this trip 
were pursued under circumstances promising still larger results. 
The Knife-lake slates and the schists, now known as Kewatin, were 
identified near the west end of lake Superior. The tour extended 
to Grand Marais and Silver Islet, and from Grand Marais to 
Ogishke Muncie and the mouth of Poplar river. On Mayhew and 
Loon lakes he examined again, the "great quartzyte and slate for
mation, or the Animikie group." He describes again, and in 
more detail, the remarkably flinty breccia on the north side of 
Gunflint lake, and speculates on the cause of its condition.t I 
quote the following obscure paragraph: 

"The close proximity of this liint and jasper locality to the next 
great underlying formation (syenites and slates)! makes it one of 
great interest to the geologist, but so far as scrutinized as yet, the true 
relations of the two formations are not revealed by anything here 
seen, though there seems to be an unconformability between them." 
(p. 88.) I have elsewhere quoted this passage as intimating an 
unconformity between the "slate and quartzyte" and the vertical 
schists north but further east, on Gunflint lake. But I am not 
sure this is the author's meaning, because he seems to be compar
ing the brecciated formation with the (underlying?) slates. 

Coming to Ogishke Muncie lake, he subjects the mysterious con
glomerate to further investigation. Notwithstanding the length 
of the passage, it may be well to quote largely, so that the reader 
may compare the statements with those of Sir 'William Logan in 
speaking of the slate conglomerate of Thunder bay (See p. 132. ) 
He says: 

"The conglomeritic character is hardly distinguishable on a 
fresh fracture of the rock, which sometimes shows different shades 
of green. But all over the surface, when glaciated and weathered, 
are visible the forms of rounded bowlders included in the 
rock, the different forms, colors and grain of the bowldE'rs 
heing brought out plainly. This is essentially the same formation 
as the rock 743 and 737. and it constitutes by far the greatest part 
of the country rock about Ogishke Muncie lake. Wherein the 
rock 737 differs from 738, which also passes into 744 by the acces
sion of slaty structure, and the obliteration or modific&.tionof it by 
the accession of bowlders, it may be ascribed to varying proximity 
to, and influence of, the underlying 'talcose' rocks, in the process 
of deposition and metamorphism. * * On the island l Campers',] 

*Tenih A'n nual Repurt Minne.gow. Pl'. D-122. 
1''I'enth Annual. Report Minn .• p. 87. 
*Tbe brp,ccia localit.y is tviOI;n t.he slai,es of tIl(' "Qlll1I'tZ,rt,p and Hlate!l fOl'luatioll. 
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it is a real conglomerate, with a smoothly glaciated surface, and 
th~ sections of some of the rounded stones are a foot. and even 
more, in diameter. They are very abundant. Sometimes the 
rounded stones make three quarters of the whole rock, but in other 
cases. the slaty matrix is nearly free from them, over considerable 
areas." 

The author suggests the following order of superposition of the 
rocks in this part of Minnesota: 

"1. The nearly horizoutal quartzyte and slate formation com
posing the hills around the Gralld Portage and the international 
boundary as far as Gunflint lake. 

"2. The coarse grit or fine conglomerate, No. 738. 
"3. The jaspery and calcareous beds that are known as the 

"Gunflint beds," Nos. 7J7, 743. 
"4. The gray marble, No. 746. rSee this further discussed in 

Xli IthRep. pp. 95-6.J 
" 5. The tilted slaty conglomerat~, and the great conglomerate 

about Ogishke Muncie lake. Nos. 744, 750, 754. 
"6. The amphibolyte and the chloritic slates, Nos. 731. 753, 

348, 349, 350. 355, 356 and 358. 
"7. Mica schists and alternations of mica schists and syenite. 

Nos. 335,337,339,401,406,408,414.417. 
"8. The syenites and granites of Saganaga and Gulllakes.* 
.. There is yet," he says, "one very important undetermined ques

tion relating to this generalized section. which ought to be borne 
in mind. viz: Is the great quartzyte and slate formation of the 
international boundary (No.1 of this section) the same as the 
highly tilted slaty and quartzyte formation which passes into the 
great conglomerate (No.5)? There are some considerations 
which seem to imply that it is, though in all descriptions and sec
tions they have been treated as different terranes. (a) Where 

*I vent,ure to 111a.ke, on these assignments, the following suggestions: 
1. This clearly is the Animike. 
2. This, I judge, is only a border condit.ion of the Ogishke Conglomerate (See XVI 

- Ann. Rep. il:finn. pp. 313. 31;;). Thero are also,' on the borders of Frog-rock and Town- . 
liue lakes, several occurrences of gra veJly sericitic schist-as also on Ensign lake. 
(XVI Rep. p.312, Rock 86H; and p. 315, Rock 889,890.) 

o. I feel constrained to regard these as no distinct part of t.he Animike. (r:;ee XVI 
Rep. p. 251.) 

4. This is what is deseribed as a bed of dolomyte in XVI Rep. p. 316. 
5. The Ogishke Conglomerate. 
6. By this I underst.and the aut.hor to mean the later-called" Kawasachong rock"

gl'een chloritic slates (even if originally erupted); the .. greenstone" hills south and 
north of Ogishke Muncie, and the chloritic and amphibolitic conditions of the" Ke
watin" seen in mauy places. 

No separate place is assigned here to the vertical schists. 
'rhese suggestions in a very perplexing inqniry, may be very wide of the marie 

-13 



180 EIGHTEENTH ANNUAL REPORT 

the horizontal slates approach the syenites at the east end 
of Gunflint lakp, there is nothing to be seen of any beds represent
ing the tilted slates. The syenites and their associated schists 
come on at once. (b) Where the tilted slates and conglomerates 
associated with them are traceable from the syenite upward to the 
gabbro, as south of Ogishke Muncie lake, there is nothing to be 
seen of any beds like the horizontal black slates of No. 1. (0) The 
"Gunflint beds" appear to belong to the horizontal slates of the 
international boundary at Gunflint lake, but their supposed equiva
lents'" at Ogishke Muncie lake belong to schistose and tilted slates 
and conglomerates. (d) Although the horizontal slates and 
quartzytes of the international boundary strike west and southwest 
across the state, forming one of the most important topographical 
features of the northern part of the state, and can be followed for 
many miles as such, yet they are lost entirely in the region of the 
upper St. Louis, and the t.ilted E'lates are the only ones seen where 
that river cuts the rock at Knife Falls and below.t (e) The great 
gabbro belt which surmounts the horizontal slates along the inter
national boundary, and prevails to the east and south of their line 
of strike, is seen to pass to the west of lake Superior, at Duluth, 
aud to disappear from sight suddenly between Duluth and Fond 
du Lac, as if its continuance depended on the main.tenance of the 
horizontal formation with which it is associated. (f) Where the 
Gunflint beds become jaspery hrnmatite, as south and east of Ver
milion lake,! the structare of the tilted slates passes into the iron 
ore as if of the same formation. (g) The formation which under
lies the Cnpriferous at Fond duLac is the tilted slates, and that
which underlie .. it at Grand Portage is the horizontal slates." 

"A thorough examination of the hill-range between Gunflint 
and Ogishke Muncie lakes would probably reveal the facts as to 
any transition from the horizontal slates to the tilted slates."§ 

From some confusion noted in the stratification of the region 
south of Ogishke Mnncie lake, the author seems almost ready to 
adopt the alternative afterward embraced by professor Irving. 

In a paper embodying descriptions of fifty thin sections prepared 
from the rocks of the Cupriferons series of lake Superior professor 
Winchell pointed out distinctly the two-fold origin of crystalline 

'!cIt is not obvious that any such lJeds are there. But, in any event,. it we distinguish 
t.he hOl'izontal slates holding- the. "Gunflint beds" ft'OUl t,ilO ve.rtical sla.tes holding tho 
conglomerate, no difficulty will pxist. 

tFrom (a), (IJ) and (d), it is not ttl be. inferrcd th:Lt two sy,tellls do not exist, but that • 
they arc not co-cxtclisive. rJ.;heir (~()~xist.ellee is 8cen 011 the IH.frth ~hore of Gunflint 
lake 

+The very distinct luenlatite fUl'lllatioll a,lso contains jaspfq'y hnds. 
§This jOlll'ney was n1a,de ill 18H7. Sel'. _Yl'1t.h H:pcmt, Pl>, 7!J-~n, 
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rocks. He showed by demonstrations accompanying the memoir,* 
that the crystallizations resulting from metamorphism sometimes 
imitate closely the character and composition of the rocks whose 
-eruptive escape has been the cause of the metamorphism. On the 
north of lake Superior, the contact of the gabbro with the red 
'Sandstone has produced" all stages of metamorphic change - from 
Ted sedimentary shale and sandstone to red felsite and syenite." 
A sedimentary rock heated to the point of fusion of the feldspathic 
constituents, and then cooled, will exhibit a non-differentiated 
ground, with feldspar crystals porphyritically disseminated. 
Heated completely to the fusing point and then cooled, the least 
fusible mineral- probably quartz, would first crystallize out, and 
later crystallizations would be penetrated by the older quartz. 
Simultaneously, the intrusive matter would impart certain constitu
ents to the softened sedimentary bed. and minerals would arise for 
which the requisite constituents had not before existed in the 
bed·t 

1884. At the Philadelphia Meeting of the Americ3.n Associa
tion, he delivered an address before the Section of Geology as its 
president in which he discussed "The Crystalline Rocks of the 
Northwest." t This was a broad survey in which he attempted to 
arrange the succession of the great Archrean terranes, and point 
,out their relations according to the views of other geologists. As 
the table at the end contains a convenient synopsis of the positions 
taken that will be here first introduced. 

*Proc. Amer. A'80C., 1881, XXX, 160-11. Also Te,nth Llnn. Rep. Gu)/. lIIinn., pp.137-143. 
The subject was earlier discussed in Proc.. Amer. Assoc.., 1880, XXIX, pp. 422-425, Compo 
also, Tenth Rep., pp. 108, 111. 

tThe phenomena here referred to are of the same chal'"eter as tbose which professor 
Bailey has since described and explained. See Amer. Jonr. Sci., III, xxxix, 273-280, 
Apr. 1890. 

:iProc. Amer. ASSOC., 1885, Pt. II. pp. :llia-:JIa; XlTIth Jl[;,nn, Report, pp. 1:H-UO: Amer. 
NaturaUst, xviii. 984-1.000, 1884; Science, iv, 2,39-240, Sep. 12, 1884 (abbreviated.) 
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The author of this table comments upon his" Groups," in sub
stance, as follows: 

FIRST GROUP. Is represented in Minnesota by the gabbro and 
red syenite at Duluth. * * The outcrop of red granite near 
New Ulm, lying under the conglomerate ana red qnartzyte, is 
probably in the eouthwestward line of extension of this group. 

SECOND GROUP. Oonsists ot schists that are micaceous and 
often staurolitic as well as garnetiferous. Variously associated 
with beds and veins of granite and gneiss. Has a maximum thick
ness of 5,000 feet. 

'IHIRD GROUP. Sometim6s passes into roofing slates, with beds 
of iron ore, quartzyte and dioryt.e. "Includes the black slates of 
the Animike group in northern Minnesota, of Knife lake, Knife 
Portage on the St. Louis river; and carbonaceous shales Jately 
reported near Aitkin on the Mississippi river. Thickness, 2,600 
feet. 

FOURTH GROUP. Schists soft and obscure, becoming quartzose 
and also hoomatiti:); also with numerous beds of dioryte. In Min
nesota, this is the iron-bearing horizon at Vermilion lake. Maxi
mum thickness, 4,450 feet. 

FIFTH GROUP. Represented by No. V. at Marquette, Nos. II. 
and V. at Menominee, and Nos. I. and III. at Penokee. The mar
ble lies above the quartzyte, and in the Menominee region has a 
minimum thickness or 1.000 feet; while at Marquette, it graduates 
into a dolomitic quartzyte of indefinita extent, the whole group 
being there essentially quartzyte. A most persistent and well
marked horizon. The quartzyte sometimes holds feldspar, thus 
having the appearance of granulyte. In Minnesota this horizon 
seems to run along the south side of Ogishke Muncie lake, near 
the international boundary, and includes perhaps the great slate 
conglomerate which is there represented. This seems to cor
respond to the lower portion of the great quartzyte of this group, 
and to be the eq ui valent ot the" lower slate-conglomerate" of the 
typical Huronian in Oanada. Normal thickness from 400 to 1,000 
feet; but if the great conglomerate of Ogishke Muncie be included 
here, the thickness of this group in northern Minnesota will exceed 
6,000 feet. 

SIXTH GROUP. In Minnesota, found on the international 
boundary, at Saganaga lake, a::::~~.l~E.ge _~oulder~. fr,oIJ1.it._HEfl in
cluded in the overlying co!!glQmeI!l.Je~t Ogishke MUllcie lake, 
showing an important break i"ll the stratigrapliY·--~Tnicki1ess un
known, but very great. 
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In the progrel:'s of the discussion, the author proposes to install 
the term" Taconic" in the nomenclature of the older rocks. 

1887. The report of this year embodied views evincing positive 
progress in reference to several questions. The intimate relations 
of granitic rocks with terranes of admissibly sedimentary origin 
were brought into distinct view, and many instances of transition 
were pointed out,· and many remarkable cases of inclusion of 
granitic and gneissic fragments in the body of the schists, and vice 
versa. In the report, it was intimated that the Animike forma
tion overlay one eruptive rock and underlay thA other, and that it 
seemed to embrace the Ogishke Conglomerate in its lower portion 
(p. 381). The lower eruptive rock was represented to be, in some 
places, a remarkable agglomerate, and in various ways, to bflcome 
changed to greenish schists, chloritic and sericitic, and to embrace 
in its mass, generally with an appearance of unconformity, the 
jaspilyte and iron ore of the Vermilion lake region. At the same 
time, this green rock exhibited, at times very manifestly, some 
signs of aqueous stratification. At other times, no such structure 
was found in it, and it merged into a dense, homogeneous, unbed
ded, doleritic mass. It was announced that the graywackes, which 
are in this" green-stone" formation, fade out by merging into its 
evidently eruptive condition; but in many places are distinctly 
sedimentary, having much quartz in rounded grains, arranged in 
unmistakable layers. 

It was again pointed out that besidps the large body of normal 
gneiss at the geological base of the series, there is inseparably 
associated with the gabbro, a red formation, having the apparent 
composition of syenite; and also a further distincti.on in the rock 
of the Gilljlt's range - one portion of it being the result of local 
change in some bedded sediments probably later than the Lauren
tian (pp. 347, 349, 352, 353). The cause of this change in the sedi
mentaries was suggested to be the gabbro eruption. The red 
syenite resulting is the "red rock" of the earlier reports, the red 
quartz porphyry and the" Palisade rock" of lake Superior shore_ 
This report contains a geological map of the northeastern part of 
Minnesota. The distinctions recognized are the following: 

1. Trap and amygdaloid 
2. Feldspathic sandrock 
3. Gabbro and red granite, 

dioryte 
4. Quartz porphyry and £elsyte. 

} Cupriferous. 

sometimes 
Mesabi range. 

*F'ijteenth Aml1wl Report Minn .. 1887, pp. 290, 202, 293, 294, 296. See also. t,he aceompauy 
j ng reports, 
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5. Gl'ay quartzyte and black slate Animike. 
6. Greenstone, diabase and chlorite schist. 
7. Sericitic schist, argillyte and graywacke Kewatin (in part.) 
8. Iron ore. 
9. Conglomerate and conglomeritic felsyte Ogishke. 

10. Mica and hornblende schist with dioryte Vermilion series. 
11. Gneiss. syenite. granite Laurentian? 

1888. Questions of taxonomy and parallelism occupy much at. 
tention in the report of work for 1887.* A visit to the "Original 
Huronian" of Sir William Logan leads to the conclusion that while 
the stratigraphic descriptions of Logan were faithful, the "green 
chloritic slates," so-called. are not by any means constituent parts 
of the stratigraphy, but are distinctly eruptive. The "slate con. 
glomerate" of Logan, he thinks repeated in Minnesota,in the Ogishke 
Conglomerate (pp. 39, 58, 59.) The general parallelism is given 
8S below. 

CANADA. 

Ottertail quartzyte I 
Thessalon quurtzyte \ 

Black slate 
"Lithographic stone" and 

fine gray quartzyte 
Red felsyte 

MINNESO'fA. 

j Pewabic quartzyte? 
I New VIm, Pokegama and Wauswaugo. 

ing quartzytes. 
Animike black slate. 

(Not known.) 
Felsytes at Duluth, and probably the 

great Pal.isades. 
Missisagui q uartzyte (Not known.) 
Slate conglomerate Ogishke conglomerate. 

Careful observations reported from the region north of Gunflint 
lake, indicate two conclusions: 

1. There is a gradual transition, structural and mineralogical. 
from the Kewatin downward, through micR. and hornblende schist, 
to the gneiss (pp. 138.70. Also XVI Rep., 37-39.) 

2. The intermediate crystalline schists (Vermilion group) do 
not seem in all places to be present (pp. 74-77,81.) Room exists 
for the supposition that the metamorphic action in some regions 
was sufficiently powerful to carry fused masses of the lower sedi. 
mentary rocks bodily across th.e stratigraphic horizon of the crys. 
talline schists into contact with the Kewatin schists. For this 
reason, crystalline schists sometimes are interrupted by gneissic 
rocks. 

Of conglomerates in crystalline horizons, he says: 

"'Sixteenth Minnl!8ota Report, 1888. 
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"The conglomeritic structure has therefore now been seen in the 
following crystalline rocks of Minnesota: 

1. The Sauk Rapids "granite." 
2. The porphyritic conglomerate at Ogishke Muncie lake, and 

the similar gneiss in Kekekabic lake. 
3. The Stuntz island porodyte. 
4. The greenstone of Twin mountain. 
5. My brother reports it conspicuous in the Saganaga gneiss. 
6. 'rhis bowlder [from Iron lake] shows it in the Vermilion 

group. (Later known in gneiss at Redwood Falls and Morton in 
the Minnesota valley.) 

7. In the Laurentian syenite in Michigan, south of the Aurora 
mine.~· 

As to the distinctness of the Animike and Kewatin, the author 
entertains no longer any doubt", and he cites facts on pages 80 and 
81 wbicb prove it, and prove the equivalence of the Huronian of 
Canada with the Animike. But tbe upper part of tbe Ogishke 
conglomerate he is disposed to regard as a member of the Animike 

In traversing the country between Gunflint lake and Ogisbke 
Muncie lake he established the existence of an upper n::.ember of 
the A nimike, which was named Pewabic quartzyte. It is magnetitic, 
and lies near the top of the Animike (pp. 85-t!6.) He parallel
izes the Pewabic quartzyte with: 

Wauswaugoning q uartzyte. 
Thessalon and Ottertail quartzyte (of Ontario.) 
Potsdam sandstone of the Adirondacks.t 
And these are regarded as further equivalents of the Pewabic 

quartzyte: 
Granular quartz (Emmons) 
Teal lake quartzyte, No. III (Brooks.) 
Quartzyte group (Rominger.) 
Baraboo quartzyte. 
Sioux quartzyte (Hee XVIIth. Minu. Rep., p. 51t.) 

The following is the method of reasoning employed to establish 
the relations of the Ogishke conglomerate with the Animike: 

"The hills about the northeast extremity of Gabimichigama lake 
consist entirely of Animike, fine-grained, tilted, fractured, rece-

*Many bowlders IUUY he seen ill Ute granite of which the Ohicago "Auditorium" is 
built. According- to the writel"s observation, few granites can be founel wUhout evi· 
dence of fragmental intermixture. The granite in the '"Auditol'il1Tn" was taken fI'mll 
the Giant's range, at HirH:dale, Minn. 

tOn this parallelism see, also, American Ge.olnaist,Mal'ch, 1880. 
tIn the eighteenth annnal report he concludes that the Pew!Lhic quu['tzyte is below 

the black slates of the Animike, carrying with it the great gabbro outflow and the red 
granites and quartz porpllyrjes to t,110 saIne stratigraphic PO~.;itiOH. 

.~ 
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mented, but in general dipping northeasterly. At the lake shore, 
these beds weather out very rough, the silici~us veins and the hard
er beds projecting. In some places they are about vertical, but 
they vary constantly in dip and strike." 

"In pftssing along the north shore westward, however, N. E. !- of 
sec. 31, 65-5, this rock becomes slaty and vertical, and strikes N. 
W. by compass. 

"All along the north shore, from the northeast end ofthe lake to 
about the centre of N. E. of sec. :31, 65-5, these titled slates and 
quartzytes extend, having a high dip toward the northeast, and 
finally becoming vertical. The shore-line runs across the strike 
but not at a right angle. Hence in going west, one passes onto 
lower and lower beds. At this place the Ogishke conglomerate 
appears on the shore, rising in a ridge about fifty feet high, at a 
few rods from the shore. On the beach it is. disintegrated and 
hardly preceptible. The dip of the beds of quartzyte and slate that 
are interbedded with it is 88° N. E. and the strike N. W. 
There 1'S thus seen to be an undeniable graduation from the Ani
mace into the Conglomerate." (pp. 90-91). 

Further evidences of a transition are thought to be present in the 
disturbed condition of the strata about Fox and Agamok lakes (pp 
94-95 ). 

1889. This result, as announced above, is pronounced in the 
report of work for 1838* an important point reached-"the sep
aration of the Ogishke conglomerate from the greenstone agglom
erate, on which in some places it must lie unconformably. They 
seem tn have both been affected by the gabbro epoch of disturbance 
and the gabbro was found in different localities to lie on the greatly 
inclined strata of one, and the nearly vertical strata of the other." 

This report embraces very comprehensive discussions of the 
"parallels of the Kewatin," the" possibility of rocks younger than 
the Kewatin, before the beginning of the Taconic," the" age of the 
Taconic (Ani mike Huronian)," and the "age of the Potsdam," 
all of which must be consulted in arriving at an adequate esti
mate of aggregate results reached by the author; but it is 
necessary here to avoid prolixity. Among" problems that need fur
ther investigation," the following themes are suggested: Eruptive 
and sedimentary Laurentian; Planes of hydrothermal fnsion, and 
their relation to the origin of the crystalline rocks; D~e of up
heaval of the crystalline schists; N atnre and origin of jaspilyte; 
What is mnscovado rock? 

'Sevell(,eentll Annual RC'jJflrt, jyIinne8otrt, p.24. JHHK. 
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Toward the close of the report, the following general table of 
Minnesota rocks is introduced: 

CALCIFEROUS. Magnesian limestones f 
and sandstones. Dikelocephalus horizon~ 

ST. CROIX. Sandstones and shales. 

Overlap unconformity.--------
POT~DAM. Quartzyte, gabbro, red gran- t Paradoxides horizon. 

lte and Keweenawan. f 
Overlap unconformity.-------

TACONIC. Black and gray slates and f 
quartzytes, iron ore (Huronian, Olenellus horizon. 
Animike). 

Overlap unconformity.---~,...---
KEWATIN. (Including the Kawiehi- ') 

win or greenstone belt, with its I 
jaspilyte), Sericitic schists and l_ Archrean. 
graywackes. f 

VERMILION. (Coutchiching?) crystal- I 
line schists. J 

Eruptive unconformity.-------
LAURENTIAN. Gneiss. 

OARL ROMINGER. 

Dr. Rominger's observationB and speculative opinions in refer
ence to the older rocks are embodied in a state report upon the 
Marquette and Meno~inee iron regions of the Upper Peninsula of 
Michigan.* Taking up first the Marquette iron district, he con
ceives it "as a synclinal trough of granite, which by the upheaval 
of its northern and southern margins, caused the inclosure of the 
incumbent sedimentary strata between its walls, and their simul
taneous uplift and corrugation into parallel folds by the lateral 
pressure exerted from its rising and approaching edges" (p. 4). 

Speaking more specifically, he says of the two series hitherto re
garded as Laurentian and Huronian: 

By comparing the descriptions d the LaureLtian formation as 
developed in Canada, with tho granitic exposures observable in 
Michigan, or specially in the Marquette district, I cannot see so 
strong an analogy between them as to identify them without hesi
tation; while I endorse the identification of the other group of' 
rocks with the Huronian, although they differ too, in some degree" 
(p. 5). .~ declare at once my serious doubts whether the granites 
of the Marquette region represent the Laurentian series of Eastern , 

*G-e-ouJ(Jieal Snrvcu of .I.lIichi(J(J,rt" Upper Peninsula, 1878-80~ aeeonlpanied by a Geologica.l 
M a.p, YO], i V. R\'o., pp. ~4R, lRRI. 
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Canada, which I have never had an opportunity to study in the 
field, but which is represented to be a much older formation, pre
existing as the surface rock before the Huronian sediments began 
to form, while, according to my own observations, the granites of 
Marquette are eruptive masses, which camfl to the surface after 
thEl Huronian beds were already formed." 

Referring to the discordances between these two systems, fre
quently alleged by the Canadian geologists, he says: 

"As far as my observatioJls go, I have never been able to dis
cover any positive proof of an existing discordance." 

Further, in reference to the successional and structural relations 
of the series, he continues: 

"By their eruption, rthe granitic rocks] caused not only the great 
dislocations of the Huronian formation, but the half molten, plastic 
granite mass induced by their contact with the Huronian rock
beds, also their alteration into a more or less perfect crystalline 
condition, and commingled with them so 8S to make it an embarass
ing task to find a line of demarkation between the intrusive and the 
intruded rock.masses. The syenitic and gneissic hornblende rocks 
connected with the granite differ so little from the crystalline 
hornblende rocks of the Huronian series, that I look at them merely 
as differently advanced stages in the transformation of the same 
material. Those nearest to the focus of altering influences are 
now completely transformed and restored to the domain of the vol
canic nucleus; the more remote strata were less changed, and re
tained distinct marks of their sedimentary origin; but if this view 
is correct, it cannot be expected to find traces preserved of the con
formable or non· conformable deposition of the Huronian layers on 
their substratum" (pp. 6, 7). 

He dissents from the subdivisions of major Brooks. 
"Beginning below with his groups from I to V, he never made an 

attempt to define them. '* * As to groups VII, IX and XI, cer 
tain dioritic outcrops are detlignated and considared to be regularly 
inter stratified layers in the sedimentary succession, while I have 
full reason to consider them as intrusive masses, belonging to a 
lower horizon of the Huronian series, which by volcanic pressure 
have been forced through or between the incumbent rock.beds 
wherever a chance for it was offered, and consequently are found, 
one time in contiguity with this, another time with another stratum 
as it happened to be the surface rock of the spot. '" '" Groups 
XV to XX, intended to comprise a younger series of beds developed 
in the western part of the Marquette region, are unnecessarily 
multiplied into vaguely defined subdivisions. Major Brooks iden-
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tified strata of the Menominee river district as :>:epresentatives of 
Groups XV to XX which, lithologically, have no similarity with 
those of the Marquette district, adding still more to the confusion 
already existing." Dr. Rominger arranges the Huronian series in 
the following subdivisions (p. 8). 

VI. Mica Schist Group. 
V. Arenaceous Slate Group. 

IV. Iron Group. [Quartzite Group (p. 71.)] 
III. Quartzite Group. [Iron Group.] 
II. Dioritic Group. 

I. Granitic Group. 
The Serpentine group is separately considered. 
Before the completion of his report, Dr. Rominger became con

vinced th[l,t his Iron group and Quartzite group ought to exchange 
places, as shown above in brackets. 

Besides the granitic masses bounding the Huronian on the north 
and south. he says': 

"Granites are also found interstraified with the Huronian 
schists." 

Of the character of the granite he says: 

"They are usually middling coarse grained, of reddish tints, 
often composed of a magma of incompletely defined crystals im
bedded within a granular interstitial mass rather than of well
formed, completely defined crystals; its fracture is therefore rather 
generally of a dull lustre. * * The micaceous constituent of these 
gra.nites, where it does enter into the composition, is rarely well 
crystallized in brightly shining larger leaves, although it occurs 
occasionally, but usually has a minutely scaly form and a dark 
green color approaching to chlorite by gradations, or is replaced 
by hydromicaceous, fibrous, granular substance, generally called 
ta!cose from its soft greasy feel and its lighter color, with partial 
transparency in thin seams" (p. 15). 

In describing gneissoid rocks of this region he· says: 

"This stratified banded rock, in contiguity with the granite, and 
alternating with it in parallel belts, often becomes completely en
tangled with it. The granitic masses intersect the gneissoid, enter 
wedge. like between them in the direction of the lamination or 
transversely, inclosing strips of the gneissoid ledges between the 
loops of the anastomosing granite seams, and, moreover frequently 
the so intermingled masses are curved into the most curious coils 
and serpentine flexions, which evinces their almost plastic condi
tion at the time their intermixture took place." (pp. 16, 17.) 
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Passing to the consideration of the Dioritic group, and repeating 
his conviction that the granites are the newer, he says: 

"One may ask, of what nature, then, was the substratum on which 
the Huronian sediments were deposited'? I answer: Nothing 
contradicts the possibility of their deposition on a surface of granite 
already formed; it is Aven probable to me that it has b'len so; but., 
if we reflect upon the high degree of plasticity, and the almost 
perfect liquefaction which the concerned rocks subsequently under
went, and upon the dislocative forces causing the softened, and 
necessarily by this softening process, considerably altered, masses 
to intermingle almost chaotically, we can no more wonder that the 
traces of the originally existing former relative position of the 
rocks among themselves are greatly obliterated. The records of 
these periods in the history of the earth's crust, when oceanic sed
iments commenced to form, and fell back again within the grasp 
of the central fire-focus, as we can observe it in this case, are 
wiped out, and most likely all our efforts to ascertain the existillg 
original conformity or discordance between such rocks will be in 
vain" (pp. 22, 23). 

"The rock series comprised under the name of Diorite GroUl) is 
made up by a large succession of schistose beds of a very uniform 
character, which are interstratified with massive belts of diorite 
differing in structure from the minutely granular, almost aphanitic 
condition, to a coarsely crystalline form, and being in chemical 
composition almost identical with the schistose beds" (p. 23). 

Certain relations of the diOl'itic masses aml contiguous schists 
are of in~rest: 

"Often we see, as in the above ment,ioned instances, the schists 
adjoining a diorite mass completely entangled with it, in a mode 
which proves a high degree of plasticity of the diorite mass at the 
time intermixture took place. .X- .X- Although the general char
acter of this large series ofrock-beds is very uniform, as it regards 
the chemical composition, still, an endless number of variatioDs in 
their structure is produced by the different degrees of metamorph
ism to which these once indubitably sedimentary rock-beds were 
subjected" (p.34). 

It will be remembered that major Brooks bRd admitted the ex
istence of two horizons of iron ore. This was because at Negaunee 
and the vicinity, a quartzyte was found in a relation of infraposi
tion to the ore- bed, while in most of the mines of the district, a 
quartzyt"l was seen reposing above the local ore-bed. These phe
nomena were supposed to indicate the existence of an ore-bearing 

• 
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horizon above the quartzyte and another below it. Dr. Rominger 
undertakes to prove that only one ore-horizon exists, and that the 
normal position of the quartzyte is above. Major Brooks was also 
under the necessity of assuming two quartzytes, Nos. XIV and V, 
the latter, or Teal lake quartzyte, being, according to Rominger, 
identical with the former, and its actual relative position being 
«the result of an overturn of the strata." (pp. 71, 72, 89.) 

Lithologically, he adds: 
"The quartzites covering the ore-bearing ledges are compact, 

dark-colored by h::ematitic pigment and by intermingled granules 
of martite. The inferior strata are almost regularly brecciated and 
intermingled with ore-fragments. In the pits of the Cleveland mine, 
south of the Houghton and Ontonagon Railroad, these brecciated 
quartzites are immediately underlaid by a fine seam of specular ore 
which itself, is on its surface, of brecciated structure. This ore
bed is underlai.d by a series of light greenish 01' grayish colored, 
silky-shining, hydromicaceous schists impregnated with small 
martite crystals, which on their part, repose on the red, jasper
banded lean ores with inclosed seams of granular and slaty specu
lar ore. In the pi.ts north of the railroad, the quartzite is generally 
underlaid by chloritic schists inclosing locally quite large octahed-
1'0ns of martite. Below them usually follDws a valuable seam of 
specular ore, schistose chloritic beds again, and then mixed, jasper
banded, lean ores, with other interstratified seams of ore, partly in 
the granular form, partly as a slate-ore; lowest, resting on dioritic 
schists are, in the New York mines, fine-grained, silky-shining, 
dark, gra,y-colored argillites, charged with minute granules of 
martite more or less abundantly," (pp. 81-tl2). 

The "Arenaceous Slate Group" of Rominger is generally in
cumbent on the quartzyte formation; but where this is wanting, it 
rests on the iron ore formation; and if this also is absent, it rests 
directly on the dioritic series. According to these statements a 
break exists between the epoch of the quartzyte and that of the 
Arenaceous Slate (Compare also. pp. 113, 114, 115.) These strata 
appeal' sometimes as "a thick belt of black, fine-grained, slaty 
rock-beds, interlar'1inated with silicious sandy seams. * * Next 
south of these slates are high walls of massive. light colored quartz
ites in direct conformable contact with them," (p. 105). 

In other localities, the group "consists of sandy, somewhat 
micaceous flagstones. or of finer-grained, banded, silicious rock
beds all more or less impregnated with protoxide of iron as a color
ing-matter, and with granules of magnetite, (p. 108). Elsewhere 
they are clay-slates more or less silicious, (pp. 112, 113); or "black 
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magnetic Hags interlaminated with slaty and arenaceous seams," 
{p.117). 

At a locality in the valley of the Carp river this series has "in 
part, a conformable northern dip with the quartzites, but frequflntly 
also, a southern dip is observed; though the direct contact of the 
two formations" is concealed by Drift, (p. 106). 

This Arenaceous Slate group occupies the surface over a large 
area on the north of the dioritic belt which abuts on lake Superior 
at Marquette; and over another area on the south of the dioritic 
belt. It is believeu by Dr. Romiilger to be of the same age as the 
slate formation in the district of L'Anse and Huron bay, between 
Marquette and Keweenaw point. ':;'The thickness of the latter 
slates "is enormously great." In color they range from dark to 
blackish, are partly hard and silicious, of bedding and cleavage too 
irregular for roofing, but are also in part, regularly laminateu, 
·of an agreeable black color, and well suited for roofing, (vol. iii, P. 
163). Locally, however, the Huron slates vary to "whitish-gray
yellow, red and brown." They possess all degrees of hardvess. 
The cleavage appears often coincident with the sedimentation, but 
where the colored cands are preserved, they are seen to make an 
acute angle with the cleavage. The sedimentary dip is northward. 
The formation presents three divisions: An upper of lighter 
colored, variegated sJates; a middle, of alternating slaty and arena
ceous beds, with interstratified, larger, compact quartzyte belts of 
light color and partly blackish; and a lower division embracing the 
roofing-slates, (vol. iv, p. 130). The middle division is regarded 
as equivalent to the Arenaceous Slate group of the Marquette dis
trict. It is likewise an instructive coincidence that a higher hori
zon of iron-ore occurs in both regions, of which the Taylor mine 
is an example in the L'Anse district, and the Northampton and 
d' Alaby mines (north of the Champion mine) are examples within 
the Marquette district. The ore occurs above the black slates, 
which in the Marquette district are graphitic. 'fhese ore deposits 
are regarded as contemporaneous with that of the Commonwealth 
mine in Wisconsint (pp. 130, 222-227). 

The rocks of the Mica Schist group of Rominger are described 
as "a sub-porous ground-mass of very minute granules of white,' 
translucid quartz in intermixture with a large proportion of bright-

*Dr. Rominger's earliest o})sel'\"at.iolls Oil tho L'AJU..;e slat,es a.re found in Geology of 
... vrichigan, vol. iii. pp. 150-166. lJis later viewt; rne ill vul. iv, pp.1:~f}-130. 

·tThis is the view of major Brooks, recorded ,111 t,c' P 17<. The ,·cador cannot fail 
to conlpare i,he desel'iption of these slates a,lld t,i1eir ac.companiDH:-,nts of quartz-schist 
:and iron-ore, with the Pllblished descriptions of the Anilllike series. See, esptcially . 
. ante' pp. 176-184. For further descriptioll of the OOilllllollweaJth Dlillf', see C. E. Wright, 
Qeol()gyof lVi:;;C01P,i'1l. vol. iii, pp.1178-684. Cornparo also, Eaglf' lHine, 'Viseonsin. 
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ly glistening black mica scales, and not rarely also, with chlorite" 
(p.131). 

The mica is sometimes silvery, and the·schists are interlaminated 
with large belts of a more compact, minutely granular, sub-porous 
quartz rock, not so rich in the micaceous constituent, but often 
mingled with curved greenish crystals of actinolite.* In some con
ditions this formation reveals a distinct sedimentary striation (pp. 
132,133). 

Dr. Rominger is not able to reach a satisfactory solution of the 
genesis of the Serpentine group. 

"The hypothesis that the Serpentine formation is the product of 
local metamorphic influences on the dioritic series [by which it is 
surrounded], is very improbable, as the lithological character of 
the two contiguous rock-species changes abruptly." ,. The rocks 
occur generally in bulky, non· stratified masses which, if they ever 
originated from mechanical sedimentary deposits, are by chemical 
action so cumpletely transformed as to efface all traces of their 
former detrital structure. They resemble a volcanic eruptive rock, 
forced to the surface in a soft plastic condition; and most likely 
heat was one of the prime agents in their formation, or else trans
formation in combination with aqueous vapors-which is suggested 
by the hydrated composir.ion of the serpentine" (p. 135). 

A study of the Menominee iroll district led to the determination 
of the fullowing groups of rocks (p. 182). 

III. Lake Hanbury Slate Group. Dark-gray, slaty or schistose 
beds, with interlaminated quartzose belts. Thickness over 
2,000 feet. 

II. Quinnesec Ore Formalion. In the upper part, light red, 
whitish or gray, hydromicaceous and argillitic strata. In 
the lower part, silicious beds richly impregnated with 
iron oxide in tht" amorphous, hoomatitic condition, or in 
the crystalline form of martite, with metallic lustre, and 
inclosing beds almost exclusively of martite granules. 
The valuable ore depusits. 1,000 feet. 

I. Norway Limestone Belt. Light-colored guartzyte and sili
cious limestone, usually in part of a brecciated structure. 
1,000 feet. 

The rocks along the Menominee river are regarded as equiva· 
lents of the Diorite Group of the Marquette district, and decidedly 
not representatives of Nos. XV-XX of major Brooks. 

""'Evidently this is not a proper i'lniea .schist," bnt rather a micaceous qnartzyte or a 
micaceous quartz schist. It call scarcely be compared with the" tender" mica schist,· 
of Hunt's Montalban, though the horizon is neal'Iy coincident. 
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In general, the comparison of the Marquette and Menominee 
districts, in spite of Dr. Rominger's deprecation of tabular paral
lels, may be best shown by the following table (pp. 240-241): 

r Ore deposits of the Taylor, S. O. 

\ 

OimitlJ. d' AllLby and Northam
ton lllilles. 

V. Actino,lite schists above qual'tz
ytes of lIiichigamllli and Spun 
nlines. 

V J Quartzyte Group (Teal lake). 
1 . f Linlestollc in juxtaposition. 

III. {IrOll Group. 

II J Dim'itic Group, 
, 1 Intrusive Granites. 

MENOl\lINI~EL 

r ('ollllnnnwealth ,md related ores. 

I 
I 
I. Actinolite schists. 
J Quartzyte of St.urgeoll ri vee falls. 
I Limestone separated by an interval. 

i Quinnesec Iron range. 

J Diorytes and schists of Menominee rive,·, 
11,'eisytCl Porphyry, Pemenec Falls. 

ROLAND DUEn IRVING. 

1877. In his annual report for 1874, made to Dr. I. A. Lapham, 
state geologist or Wisconsin, * the "Oopper-bearing Rocks" were 
made by proressor Irving, a distinct division in the geology of the 
northern part of the state, holding a position between the Huron
ian and the Potsdam sandstone. He showed also the existence or a 
synclinal axis in Wisconsin, in continuation of the great trough 
between Keweenaw point and lIe Royale. tHe held, first, that the 
beds of the Oopper-bearing series and those or the Huronian were 
once spread horizontally over onE' another, including the whole 
series of tilted sandstones on the Montreal river; they were dis
turbed by the same force, and receiving their present tilted posi
tions at the same time, as evinced by the entire conformability of 
the two series. Second. The horizontal sandstones of the Apostle 
islands and the west side of lake Superior were laid down subse
quently, and after an immense amount of erosion; and the sand
stones of eastern lake Superior were formed at the same time. 
Third. The Copper-bearing rocks should rather be classed with 
the Archooan than with the Silurian. 

The Baraboo and related quartzyte masses lying in Wisconsin, 
many miles south of the principal Archooan area, have been differ
ently viewed by different geologists, some regarding them as of 
Huronian age,! and others, as the representatives of the Potsdam 
sandstone,§-the Wisconsin sandstone so described, pertaining as 

*GeolorJY of JVisconsin, Survey of 1873-1877, vol. ii, p. 47, 1877. 
tTbis view was earlier set forth in Amer-. Jour. Sci., III, viii, 45-56,1874. 
;J. Hall, Geology of Wisconsin, 1862; Irving. Amer. Jour. Sec;'. III, iii, 93-99; Geology of 

Wisconsin, ii, 504-524; Ohamberlin. Geol. Wis. ii. 248-256. 
§Percival, Annual Report Geol. Surv. Wis., 1856. p.101; A. Winchell, Ame/'. Jour. SeC;II 

xxxvi!, 226; J. H. Eaton, Wiscon. Acad. SCi .. , Feb. 1871. 

-14 
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they think, to a higher horizon. ProfeEisor Irving, as early at;l1871, 
announced his conviction of their Huronian age; and in the Wis
cons-in report, he worked out the evidences with fullness. The 
quartzytes are differentiated from the contiguous sandstone by litho
logical characters and abrupt structural unconformability; and the 
only weakness in professor Irving's position is the lack of full proof 
that the sandstone is the true equivalent of the Potsdam.* 

1880. The third volume of the geology of Wisconsin reveals his 
masterly grasp of the geological structure of northern Wisconsin, 
and of the genesis and history of the rocks which underlie the region. 
Here are presented in bold and confident outline, those interpreta
tions, bordering sometimes on speculation, which characterized 
the leading discussions which occupied him until removed by an 
early death. His writings are so voluminous, however, that it will 
not be practicable to do more than set forth his positions on some 
of the great questions with which he grappled. 

In reference to the nature and origin of the Laurentian rocks, 
which he fully parallelized with the Canadian Laurentian (iii, 5), 
we find him using the following lallguage: 

" The prevailing rock along the northern border [ of the northern 
mass] is a dark gray to black hornblende gneiss, in which the horn
blende has usually been more or less altered to chlorite. This 
alteration, when carried to any considerable extent, gives a greenish 
tinge and greasy feeling to the rock, and in cases of extreme alter
ation, there is a passage to a green chloritic schist. The associated 
granites are usually light pinkish-tinted to gray, and highly 
quartzose, a frequent gneissoid tendency showing their sediment
ary nature," (iii, 6). 

"The hornblende gneiss is always very plainly laminated, fre
quently highly schistose and the whole internal structure of the 
rock, as seen under the microscope, shows conclusively its original 
clastic condition. The granites are generally without such distinct 
bedding but appear nevertheless, to be true metamorphic granite. 
No eruptive granite, recognizable as such, has been observed. It is 
not possible, without overstepping the limits of our district, to 
reach any important generalizations with regard to the Laurentian 
series. It is evident enough that the rocks are of a true sediment
ary origin, and that they have been folded in an exceedingly intri
cate manner," (iii, 93). 

In still another place, professor Irving records views in this con
nection, which possess interest: 

*This equivalency has been earnestly contested in writings by N. H. Winchell, 
already quoted. See. ante, pp. 175. 

,.) 
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"The term igneous, as used by Mr. Wright, who seems also to 
hold to the unwarrantable theory that the original rock of the 
earth's first formed crust would be granite, is one not applicable to 
any granites, since even in the case of the exotic kinds, the relation 
of the constituent minerals disproves a true igneous origin. The 
quartz of granite is always the last formed mineral, whereas, from 
its infusibility, it would certainly be the first to form in cooling 
from a state of fluidity. All the facts go to show that the intrusive 
granites are but sediments softened by what has been termed 
aqueo-iglleous fusion, to a degree of plasticity sufficient to allow of 
their penetrating fissu~es in the adjacent formations. The intru
sive or exotic granites and the metamorphic or indigenous granites 
have thus had about the same origin, and there are no lithological 
{lharacteristics whatever, either microscropic or macroscopic, by 
which we can distinguish them in specimens," (iii, p. 194, note). 

At a later date, professor Irving recorded his views as follows: 
"This stratification [of gneiss J. or parallel arrangement of its 

ingredients, is commonly believed to have been caused by the pro
{less of sedimentation, the crystalline texture now shown by the 
gneiss and all other crystalline schists being regarded as the result 
of a peculiar process of molecular arrangement known to geologists 
as 'metamorphism.' While it seems very probable that there is a 
great deal of truth in this view, the theories of metamorphism as 
they now stand, are very unsatisfactory. Many rocks which have 
been called metamorphic are plainly of an eruptive origin, and it 
seems not improbable that the same origin is to be attributed to 
some rocks with a strongly developed schistose structure."' * 

Of the Huronian system he remarks: 
"Lying immediately against the Laurentian, and very sharply 

defined from it, we find, extending from the Montreal river west~ 
ward for fifty miles, to lake N umakagon, a belt of schistose rocks 
which we refer unhesitatingly to the Canadian Huronian, and 
which are beyond question, the direct westward extension of the 
iron-bearing series of the Upper Peninsula of Michigan," (iii, 6). 

The subdivisions of this belt are recognized as follows, (iii, 6): 
5. Medium-grained to aphanitic, dark gray mica schists, with 

coarse intrusive granite. 7,985 feet. 
4. Alternations of black mica slate with dioryte and schistose 

quartzytes, and unfilled gaps. 3,495 feet. 
3. Tremolitic magnetite schists, magnetitic and specular quartz

ytes - forming the Penokee Iron range. 780 feet. 

*Geologyof Wisconsin, vol. i, p. 352, 1883. 
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2. Straw-colored to grt-'enish quartz-schist, and argillitic mIca 
schist, often novaculyte. 410 feet. 

1. Orystalline tremolitic limestone, at times overlaid by a band 
of white arenaceous qual'tzyte, and at times absent, the 
next formation above them coming into contact with the 
Laurentian. 130 feeL 

As the identification of the Penokee series with the Huronian is 
still a subject of debate, professor Irving's affirmative reasons 
possess interest: 

(1). There appears to be a direct continuation with the iron
bearing system of the Marquette region of Michigan; (2). The 
grand subdivisions of the Bad river [Penokee] and Marquette sys
tems are strikingly similar; * (3). The Bad river and Marquette 
systems both show the same relation to the Laurentian and Ke
weenawan systems as found in the Huronian of Oanada; i. e. are 
newer than the former and older than the latter; (4). The Mar
quette system is found in unconformable contact with the Lower 
Silurian red sandstone of lake Silperior, and also in the Menomi
nee region, is also found in unconformable contact with the fossil
iferous Primordial sandstones of the Mississippi valley (iii, p. 7).t 

The boldest feature of the views promulgated at this time, was 
the characterization of the" Keweenawan System," a step fore
shadowed in 1877, and evidently meditated since 1874. This 
widely extended Michigan-Wisconsin system is thus described: 

.. It is a distinctly stratified system, but is in large measure made 
up of eruptive rocks in the form of great flows. These appeal' to 
constitute in Wisconsin, the lower ten thousand to thirty thousand 
feet of the system, apparently without inter stratified detrital beds. 
Above these, we find the detrital beds increasing in frequency, 
until they seem to exclude the igneous rocks altogether; the upper 
portions for some fifteen thousand feet, heing apparently com
posed wholly of sandstone and shale, with a heavy mass of con
glomerate at base" (iii, 7). 

These rocks in northern Wisconsin, form a true synclinal de
pression. and the Ohequamegon bay lies within it, but crowded 
over to the northern side. The eruptive rocks of the system are 
chiefly of the augite-plagioclase kind - hornblende when occasion-

*The stratigraphy of the Penokee Range is given in Amer. Jow', Sci, III, xvii, pp. 
394-395 and GeoL.o/ Wis,. iii, p 450. table, and in full detail in the same volUme, pp. 103-166. 
On the" Mica Schists and Black slates," see Van Hise, Anwr. Jour. Sci" III. xxxi, 453-
459, 1886. On the" Iron Ores" of the series, see Van Hise, Amer. Jour. Sci., III, xxxvii 
32-48, 1889, On their" Origin" see Irving, Amer. Jour. Sci, III, xxxii 255-272, 1886. 

tThis identification had been announced previously by Irving in Amer. Jour. Sci., III, 
xvii, 393-398, 1879. Further on the "Divisibility of the Archa>an in th!' Northwest." sec 
Irving, Amer. ,Tour. SrI .. TTT. x,~ix. 2:r;--,]-1-~1. 1~.<;',~). 
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ally occurring, being always a paramorphic product of the augite. 
These eruptives, therefore present a marked distinction from the 
hornblende-bearing eruptives of the Huronian; and belong to the 
Rosenbuschian categories, diabase, melaphyr and gabbro. The 
diabases, which are far the most abundant, occur in distinct beds 
of overflow, each of which (as first pointed out by Pumpelly and 
Marvine) is amygdaloidal above, and massive, oft"ln columnar be
low, with an intermediate zone, which Pumpelly designated 
"pseudo·amygdaloidal." The gabbros are coarse grained, and two 
varieties are distinguished, the most common being light to dark 
gray and perfectly crystalline, and the other being red and black 
mottled, or red and gray mottled, with some of the crystals dulled 
in appearance, or red-ste.ined by iron infiltration (iii, 10 ).* 

1883. In the progress of these &tudies, professor Irving devoted 
much attention to the subjects of paramorphic changes and sec
ondary enlargements in the mineral constituents of rocks; and 
while not by any means the first to bring these facts to light, he 
was foremost in extending our knowledge of them, and in illustrat
ing their importance in the history of the rocks. He alludes to 
the fact that most of the older, dark basic, massive rocks have been 
called diorytes, because hornblende is joined in them with a tri
clinic feldspar, while augite seldom occupies the same place. But 
he says: .. 

" Precisely the reverse of this is the case, the diabases, in fact, 
being the common kinds, while diorites are everywhere rare. 
Moreover, in many diorites entitled to be so called by their content 
of hornblende as a chief constituent, this mineral has been proved 
to be merely a secondary transformation of augite, remnants of 
which are here and there to be seen in little cores." t 

This, he says, is true of all the diorytes which he had studied in 
this section, and he entertained little doubt that the same would 
be found true of the diorytes described by Wichmann from the 
Menominee region. Hence he concludes that no dioryte as an orig
inal rock, has been found in Wisconsin.! 

The work on the Wisconsin survey having closed, professor Irv
ing entered upon a great undertaking, under the auspices of the 
United States Geobgical Survey. This was the preparation of "a 
memoir aiming at a general exposition of the nature, structure and 

*Tbis series of beds bad in 1873 been named "Keweenaw Group." by T. S. Hunt, (Trans 
A'mer. fnst. Mining Em/., 1, 331-342); and in 1875, "Keweenawian," by Brooks. Later 
"Keweenian," the more euphonious form of the name, was proposed by Hunt (Harper's 
Annual Record, 1876). See Geol. TV;"., iii, 660. Removing snperfl nOUS letters, the re re
mains" Kewenian," the best form of all. 

tGeologyof Wisconsin, vol. i. p. 345, 1883. 
tWbat is true in Wisconsin is very likely to be true also in Michigan. 
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extent of the series of rocks in which occurs the well-known native 
copper of lake Superior." The transmission of this memoir bears 
date October 25, 1881, but the title page is dated 1883:lI-

This remllrkable work is an amplification of views, and strength
ening of positions relating to a newly recognized geological system 
which in the Wisconsin report had been defined as Keweenawan.t 
It is not intended to give any synopsis of this volume, nor to point 
out the excellencies of the treatment; but a few of its more import
ant positions will be stated. 

The Lower Group of the Upper Oopper-bearing series of Logan 
-the "Animike" of Hunt-;-is excluded from the system; but the 
white and red dolomitic sandstones, in the peninsula between 
Black and Thunder bays, and thence to lake Nipigon, are included. 
The horizontal sandstones which form the south shore east of Bete
Grise bay on Keweenaw point, and westward from Clinton point, 
Wisconsin, are also included. The system, then, "consists of the 
succession of interbedded traps, amygdaloids, felsitic porphyries 
porphyry-conglomerates and sandstones, and the conformably over
lying thick sandstone, as typically developed in the region of 
Keweenaw point and Portage lake, on the south shore of lake 
Superior," (pp. 24, 385). 

The volcanic theory of the origin of pebbles forming the con
glomeritic beds is combatted. This theory had been promulgated 
by Houghton in 1841, and Foster and Whitney, in 1850 and 1!:i54.t 
The system is demonstrated to be unconformable with the Huronian 
below and the Silurian above. 

The possibility of a sedimentary origin for any of the stratified 
semi-amygdaloids§ of the Agate Bay group of beds is "absolutely 
excluded by the completely crystalline interior texture, the highly 
vesicular character, the presence of unindividualized magma, the 
microscopic flowage structure, alld the graduation of each bed 
downward into vertically columnar, non-vesicular olivine-diabase, 

*U. S. Geologica! Survey, Clarence King, Director. "The Copper-bearing Rocks of 
• Lake Superior," 4to,'pp.464, with maps and cuts, 1883. [Being Monograph Y.] A full 

digest of this memoir is contained in the Third Annua! Report of the U. S. Geol. Burv. 
pp.93-198. BulleNn No. 23, U. S. Goo!. Surv., 1885. pp.l24, by R. D. Irving and T. C. Cham
berlin, is an important supplement to this memoir. 

tThis system is set forth in an elementary way suitable for the general reader, by 
T. C. Chamberlin, in the first volume of the Wisconsin Report, pp. 96-118, 1883. 

"'Wadsworth also states that Foster and Whitney" remain the best and most accur
ate exponents of the geology of the country." (Bull. Mus. Compo Zoo!., vii Geo!. SeT., i, 
pp. 13,131); and would thus seem to approve this leading position; yet, without noting 
his divergence from them, he says: "These conglomerates and sandstones show'by 
the rounded and water-worn character of their constituent pebbles and grains, that 
they are beach deposits," (id., p. 128). 

§Noticed by N. H. Winchell, ante, p. 177, and called by Norwood, "metamorphic 
hales. " 
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(pp. 138, :a87)*. The forms of the "Sawteeth mountains "he 
refuses to attribute to faulting, and says: 

" The case is just such as is found in every region of flat-dipping, 
hard rocks, and especially where softer layers are interbedded, as 
in this case," (p. 142). 

He regards the dikes seen along the Minnesota shore as sources 
of the flows of the lake basin; and antagonizes Dr. Selwyn's sug
gestion of activity through a single vent (p. 144). The "Palisade 
rock," he says, "is shown under the microscope, to be a quartz-por
phyry, with no traces of a clastic nature (p. 187). The central 
mass of the Porcupine mountains is a quartzose porphyry unques
tionablyeruptive. Their structure has so much in common with 
that of the laccolitic mountains in southern Utah, that they might 
be supposed to owe their existence to an eruption of the porphyry 
of their central portions. * * But these mountains, he con
cludes, "owe their existence, in all probability, to a fold, the por
phyryof the central portions being one of the usual embedded 
masses laid bare by subsequent denudation" (pp. 150-1).t He 
takes the position, and repeats it many times, that the so-called 
Animike slates are" beyond question, the equivalents of the iron
bearing Huronian of the south shore" (p. 157). 

Of the" red rocks" so largely associated with the gabbro of 
Duluth, he says: 

"They lie in it very irregularly, and form nothing like distinct 
belts, so far as I could make out. They may be seen in great 
patches hundreds of feet square, and surrounded on all sides by 
the gabbro, and again, as at the quarry near Rice's Point, in ir
regular series, from two or three inches to several feet in width. 
Much the most abundant kind of these red rocks is one which pre
sents macroscopically a wholly crystalline texture and a pinkish 
color mottled with green. Pink feldspar facets, now and then stria
ted, quartz, and a greenish mineral, may all be made out with the 
naked eye. Under the microscope, the rock is seen to be chiefly 
composed of reddened orthoclase; greenish hornblende, quartz and 
magnetite are also present. The quartz occurs both in quite large 
patches, and again in little strings running through and through 
the feldspars, in the usual'manner of secondary quartz. A number 
of these small patches of quartz "lying near each other will polarize 
together, showing that they are part of one individual. Moreover, 
the same is true of the larger quartz areas, and numbers of small 

"·'·~·:~·"~On a priori grounds, one might expect unindivic1naUzed lllagma t,o relnain in sedi
mlmtary rocks when not completely changed. 

tSee detailed descript.ion, pp. ~Og-:)%. 
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particles lying near them, so that all of the quartz is considered to 
be secondary. This secondary quartz is frequently scattered 
through the feldspars in such a manner as to present the appear
ance of graphic granite, and again it is arranged in irregularly 
radiating lines. Chlorite is often present as an alteration product 
of both feldspars and hornblende. No base finer than the rest of 
the rock was observed, so that the name should apparently be 
syenite" (pp. 270-1). 

Another variety of the "red rock" is described as true granitic 
porphyry. A rarer variety is a felsitic porphyry. These are all 
regarded as phases of the same rock. 

In describing the Animike rocks in the vicinity of Thunder bay, 
lake Superior, he sums up by saying that they "consist of a great 
series, probably upwards of ten thousand feet in thickness, of 
quartzites which are often arenaceous, quartz-slates, argillaceous or 
clay slates, magnetic quartzites and sandstones, thin limestone 
beds, and beds of a cherty and jaspery material," (p. 379). He 
says also: 

"Logan moreover, evidently took as Huronian, that part of the 
Animike group which 'occupies the coast for a distance of ten 
miles immediately below the mouth of the Kamanistiquia river, 
on the north side, leaning in a narrow strip, against the gneiss of 
the older series,'" (p. 379). 

The Animike rocks are confidently identified with the rocks of 
the Penokee Range; but these latter, as has been stated, were with 
equal confidence identified with those of the iron-bearing series of 
Marquette. The Animike must therefore be the equivalent of the 
Marquette rocks. But Irving endeavored to trace some positive 
resemblances between the Animike and the rocks of Marquette; 
but withont very convincing results, (pp. 385-6). 

At this point the able author is seen to be on the brink of a 
broad fallacious inference. He takes up the consideration of the 
"Original Huronian," and correctly concludes: 

"It appears to me very probable that the original Huronian of 
lake Huron and the Ani mike slates of Thunder bay, and thence 
southwestward to the MissisHippi river, are one and the same 
formation," (p. 390). 

This was the opinion first enter~ained by Logan;* but he subse
quently associated those slates with the overlying Keweenawan. 
Then, as there was a lower, unconformable mass of slate conglom
erates, he concluded to call those Huronian. Irving, however, 
while still ho~diDg to the Huronian character of the Animike, 

*Rep011; of Progress. Geo!. S"rv. of Canada, 1844, p. 29. 
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seems to have disregarded the vertical slate conglomerates, appar
ently because they graduate conformably into the crystalline 
schists and gneisses, and might be taken for a portion of that series 
-an unconformability between two systems supposed Huronian 
and LaurentiaD, having been noted at Penokee gap. Thus Irving 
held as Huronian what Logan held as a part of the Copper-bearing 
series; and Logan came to hold as Huronian what Irving took as 
part of the crystalline schist series. But when Logan ba.sed his 
description on what he now held to be Huronian and Irving over
looked, Irving thought them to apply to the iron series of Vermil
ion lake (as they readily did), and concluded that to be Huronian, 
though in truth the rocks graduated into the crystalline schists, 
while what he had rightly identified with Huronian on 'rhunder 
bay, was really an overlying and discordant series. But that dis
cordance Irving had not yet discovered at any actual juxtaposition, 
and he devoted much effort to showing how two different forma
tions of different dip and strike, might, at some former time, have 
approached each other with a common dip and strike, (pp. 392-4). 
In this state of the facts professor Irving feels himself in a dilemma 
when he reads Dr. Bell's descriptions of assumed Huronian rocks 
more remote from Thunder bay, and misunderstands Dr. Bell at 
the same time, as speaking of the rocks which Irving had correctly 
called Huronian. Nevertheless, Irving is able to convince himself 
that all the areas by anybody called Huronian, agree in such par
ticulars as to justify him in sweeping them all into that category, 
(p. 395). Irving suspects indeed, that two groups of schists have 
been confounded by the Canltdian geologists-" the iron-bearing 
schists of the Huronian and the schistose greenish phase of the older 
gneiss "-but he does not suspect that he has himself identified and 
confounded two other systems which, unlike these groups, stand in 
discordant mineralogical and structural relations to each other. 

1885. The overlap of professor Irving's Keweenawan studies on 
'systems of older date, was the prelude to a formal investigation of 
the Huronian system as a specialty. This was undertaken also, 
under the auspices of the Government survey, and was in progress 
at the date of his lamented death. But some preliminary papers 
appeared, from which we may learn the fundamental positions 
which he was preparing to defend.* In the first memoir, the fol
lowing areas of older rocks are grouped together under the desig
nation Huronian: 

*A first paper entitled "Preliminary Papers on an Investigation of the Archooan 
Formations of the Northwestern States." was published in the Fifth AnnuaL Report of 
the U. S. Geol. Burv., 1885, pp. 175-242. 
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• The Original Huronian. 
The Marquette-Menominee Iron-bearing schists. 
The Wisconsin Valley slates. 
The Penokee-Gogebic Iron-bearing schists. 
The St. Louis, [Minn.] slates. 
The Chippewa Valley quartzites. 
The Black River Iron-bearing schists. 
The Baraboo quartzites. 
The Sioux quartzites. 
The Animike series. 
Folded schists of Canada. 
In the progress of a condensed examination of these eleven areas. 

professor Irving states more explicitly, what he intimated in his 
previous memoir, that the so-called "crowning overflow," resting 
on the Animike cliffs of Thunder bay and the regions to the south
west, is not to be regarded as one final overflow, but a succession of 
overflows, interbedded in a succession of slaty deposits.* He op
poses sharply the position of Foster and Whitney, and later, of 
Wadsworth, that the iron deposits and associated jaspers ar@ of 
eruptive origin (p. 192). The folded schists north and east of lake 
Superior, described by the Canadian geologists, since 1863, as Hu
ronian, are admitted, at least some of them, in that system, but. 
he says: 

"Weare immediately confronted with a structural problem of a 
good deal of pifficulty, i. e., the relation of these folded schists to 
the unfolded Animike series. Generally as the Animike series is 
traced toward its northern border, it is found to lie against a belt 
of granite and gneiss. This is so along the shore of Thunder bay, 
and thence westward to Gunflint lake, and it is true again at the 
Mesabi Range and Pokegama falls district, in Minnesota. North 
of this belt of granite, comes the belt of folded schists. The ap
pearance thus presented is at first sight, one of general unconformity 
between the flat-lying Animike and an older set:ies including 
gneiss and older folded schists." '.~. 

This state of facts was in direct conflict with his theory tha.t the 
Animike and the folded (vertical) schists are one. The reconclli~ 
tion of the facts and the theory occupied his earnest attention. .~' '"" 
hypothesis was proposed for this purpose.t He supposes "that ' 
the Animike rocks were once continuous with the folded schists to 
the north of them, and that they are now separated merely beca.use 

*P.203. See also, Fifth Annual Report, p. 382. The "crowning overflow" is now dis
credited by the present Director of the Canadian Survey-Science, ii, p. 675,1884. 

tThird Annual Repm-t, Wisconsin Gool. Surv., p.l71; Monographs U. S. Geol. Surv., vol. v. 
pp. 399, 417; Fifth Annual Report, p. 206. 
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of the erosion of the crowns of the folds between them, the close 
folding of the folded schists being supposed, on this view, to have 
been produced concomitantly with the broad simple bend which 
forms the trough of lake Superior. On this supposition, the un-

. folded schists of the north shore are compared with the unfolded 
Penokee of the south shore; and the folded schists of the national 
boundary, with the folded schists of the Marquette and Menominee 
regions. All are supposed to represent a gree.t sheet of Huronian 
deposits once continuously spread upon a floor of far older gneisses 
and schists, which have since been brought to view by folding and 
denudation. ,,* 

Some little support for this not impos3ible hypothesis, was 
gathered from the fact. that in one region, where the horizontal 
and vertical schists were separated by only a few miles, the hor
izontal schists acquired considerable dip. In some localities, as 
shown by N. H. Winchell, they became irregular in dip, and man
ifestly disturbed. But professor Irving was never able to proceed 
further.t 

In the sequel of this memoir, the author presents other results 
of studies upon his general problem, and among them are interest
ing facts respecting enlargements of quartz fragments (pp. 229-
230); and these lead him to an explanation of so-called "crystalline 
sandstones". (p. 219)t A final conclusion from these studies is 
"that all of the quartzites marked provisionally as Huronian 
on the accompanying map, including the type Huronian of lake 
Huron, are merely sandstones which have received various degrees 
of induration by the interstitial deposition of a silicious cement 
which has generally taken the form of enlargements of the original 
quartz fragments, less commonly, of minute, indepe.:ldently oriented 
areas, and still less commonly, of an amorphous or chalcedonic 
silica, two or even three forms of the cementing silica occurring 
at times together in the same rock" (p. 236). 

*Fifth Annual Rep,.rt, U. S. Gool. Surv .. pp. 206-207. 
tThe·wrlter will here state that the Minnesota Survey has shown that the disturb

ances referred to (east of Ogishkemuncie lake) are very local, and the horizontal 
schists north of Gunflint lake are not separated from the vertical by a gneissic inter
position, but rest in very discordant contact upon tb.em. No more speculation is 
necessary. 

PrOfessor Irving read a paper before the National Academy, Apr. 22, 1887, which was 
published in Am.er. Jour. SCi., III, xxxiv, 204-216; 249-263; 363-374, entitled, "Have We a 
·Huronian Group?" This was chiefly an occasion for restating the views presented in 
the paper here noticed, and for a final effort to elucidate his hypothesis for the 
synchronization of the Animike and the older schists n')w known as Kewatin. This 
paper has been noticed by me in Bul!. Goo!. Soc. Amer., i. p. 387. 

:f:The subject has been more fully treated in Bu!!etin U. S. Goo!. SU1·V., No.8, 1S8!, by 
R. D, Irving and C. H. VanHise. 

Such enlargements in "Hornblendes and Augites" have subsequently been described 
by professor C. R. VanHise, Amer. Jour. Sci. III. xxxiii, 385-388, 1887. 



206 EIGHTEENTH ANNUAL REPORT 

The subject of enlargements of feldspar fragments IS similarly 
discussed and the facts established. 

A final conclusion from all the facts is that the most of the rocks 
generally styled Huronian do not properly iall under the head of 
metamorphic rocks. 

These inferences are carried further in the important Bulletin 
cited above. 

1888. The last important memoir from Professor Irving's pen 
is a compilation of fundamental principles to be employed in the 
classification of unfossiliferous rocks. '* 

Of this the author says: "Beyond many of the facts cited in 
illustration, and the mode of presentation, the paper does not con
tain very much that is new or original." It nevertheless presents 
a convenient synopsis of principles, and shows a mature mastery 
of the subject. For the present purpose a few quotations of new 
or maturing views on certain points, will suffice. Speaking of the 
green schists which with more or less of mica schists and other 
later rocks has been marked as Huronian for the entire region 
north of lake Superior by the Canadian survey, he says they are 
not separated from the Laurentian by any unconformity. There
fore, " The name Huronian belongs to an entirely different group."t 

In attempting to illustrate the structural relation of the Animike 
series to the underlying schists, he presents (p.421) a diagram 
section across Gunflint lake, which sets forth the observed facts 
with sufficient accuracy. But his interpretation of the fact seems 
to be erroneous. He suys the Animike abuts "against an older 
formation of granite and schists," and he says too, "the iron-bear
ing horizon at the base of this succession [the Animike] is litho
logically identical with that of the Penokee series of northern Wis
consin and Michigan." So far he is perhaps, right-but, with the 
understanding that the "granite" [gneiss] is quite removed from 
the contact with the Animike, and that the "schists" at the contact 
are not the usual crystalline schists which succeed the gneiss and 
granite, but hold a position superior to them, in the same vicinity. 
Professor Irving's misconception consisted in regarding those ver
tical "schists" as part of the series of crystalline schists, and in 
{lonceiving them as different from the vertical schists which inclose 
the iron ores at· Vermilion lake. Identifying these vertically
standing ore beds with those in the flat-lying Anilllike, he makes 

"'On the Classification of the Early Cambrian and Pre-Cambrian Formations. A 
brief Discussion of Principles. illustrated by examples drawn mainly from the Lake 
Superior Region." Seventh Annuca Report U. S. Geo!. Surv., 1888, pp. 363-454. 

tYet this is precisely the group which in the Vermilion region of Minnesota, profes
sor Irving calls Huronian 
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an unsuccessful attempt to represent them as "flat-lying," like the 
Animike ores at Gunflint lake* (p. 421). 

Professor Irving insisted on a "structural unconformity between 
the Huronian and Laurentian." He makes numerous refel'ences 
to Sir William Logan's uttera.nces on the subject, and though they 
are strikingly self-contradictory, Irving asserts, they "show C81'
tainlyhis full belief in such ullconformity" (p. 430). This C)nt1l3-
ion on Logan's part, and misapprehension on Irving's, arise from 
their common error in applying the name Huronian to two different 
systems. and Irving's supposition that the Penokee Huronian
rightly identified with the original Huronian-is the same as Lo
gan's "Lake Superior Huronian." 

In discussing the taxonomic exhibit which he gives of the older 
rocks (pp. 440-441) he says: 

"At the base of the succession is a. series composed of gneiss and 
granitic rocks, with also a large development of schists. The 
granite is certainly in the main eruptive. The schists are very 
largely compressed eruptives, but all:'o in part of sedimentary 
origin" (p. 442). This view may be compared with those given, 
ante, p. 197. 

But of the mica schists or mica slates described as holding a po
sition near the top of the Marquette iron series, he says: 

"Our own microscopical studies of them have demonstrated their 
derivation by mere metasomatic changes, from rocks wholly of de
trital origin, the fragmental character frequently being well pre
served, even to the naked eye, while large portions of the same 
horizon show little change from the original fragmental conditions." 
(p.386·)t 

As the outcome of the entire discussion, professor Irving pre
sents the followin g taxonomic suggestion (p. 454): 

Systems. Groups. 
( Carboniferous, I 

Paleozoic. 

Agnotozoic 
or 

Eparchrean. 

Archrean. 

\ Devonian, I 
-\ Silurian, l Cam brian. ~ 

1 
Keweenawan, I 
Huronian, 
(Other groups?) j 
Laurentian (including upper Laur- } 

entian. ) 

Systems. 

Paleozoic. 

Archrean. 

* His diagralu attenlpting this is in Amer. Jour. Sei., III. xxxiv, p. 259. 

tSuch micaceous schists are what the writer. in the Fifteenth and Sixteenth Mlnne
:-\ota H.P[l01't.~, h:l~ ...;f,~'lerl "nao;:;('.cot nliC"a .:;(~hi.;,:1-,-.:." 
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ANDREW C. LAWSON. 

l!i86. In his description and estimate of the rocks in the vicin
ityof the Lake of the Woods,* Dr. Lawson assumed positions of 
such originality and boldness as to entitle his contributions to 
an important place in this sketch of opinions concerning the older 
rocks of America. 

The schists in the vicinity of the Lake of the Woods had been 
noticed by Bigsby and the other early explorers. By Bell, they 
had been designated Huronian, from their resemblance, undoubt
. edly, to the schists misnamed Huronian, on the north and east of 
lake Superior.t Dr. G. M. Dawson first remarked the apparent 
volcanic origin of a large part of the "Huronian" trocks. 

Dr. Lawson is not satisfied to embrace all the older schists 10 

the Huronian.§ He says: 
"The schistose belt of the Lake of the Woods appears to me to 

differ from the typical Huronian of Sir William Logan both litho
logically and in other respects. The typical Huronian of Logan 
is, from his description of it, essentially a quartzite series, in which 
the quartzites are true indurated sandstones. The schistose belt 
of the Lake of the Woods is not so characterized. Quartzites form 
an extremely small proportion of the rocks of the Lake of the 
Woods, and then they are only local developments in formations 
of mica schist and felsite schist. Bedded limestones are character
istic of Logan's typical series. On the Lake of the Woods, there 
are, so far as I have been able to determine, no bedded limestones, 
the nearest approach to them being small segregated bands of 
dolomite of the character of veinstones. These two differences 
alone are sufficient to throw doubt on the equivalence of the two 
series, if lithological character is to be regarded as an aid to geo
logical classification. There are, however, other differences. The 
basal conglomerate of Logan's Huronian, on Lake Temiscamang, 

'Report on the gf "logy of the Lake of the Woods "egion, with special reference to 
the Keewatin (Huroniau1) belt of the Archean Rocks. By Andrew O. Lawson, M. A. 
Geo!oaica!and Nc~t"ral. History survey of Canada. Annual report (new series), Vol. i, 1885, 
l\lontreal, 1886. 

tR. Bell, Ann. Rep. Canada. 1872-3, pp. 91-105; 1873-4, pp. 88-89. Also, and more in de
tail, 1880-2, pp. 12-150. 

*G. M. Dawson, Geology and resources of the region in the vicinity of the forty-ninth 
parallel, 1875. 

§The samedissentwas expressed by the writer in a paper on "The Huronian System," 
presented to the Amer. Assoc., New York, 1887; in one entitled, Systematic Results of 
a Field Study of the Arch::ean Rocks of the Northwest, Proc. Amer. Assoc., Oleveland, 
1888, p. 205-6; a paper on The Geological Position of the Ogishke Oonglomerate, Proc. 
Amer. ASSOC., Toronto, 1889, pp. 231-5 and Two Systems confounded in the Huronian, 
Amer. Geol. iii, 212-14, March, 1880. See similar views embodied in a paper by N. H. and 
H. V. Winchell, Proc. Amer. Assoe. Toronto, 1889, pp. 235-242. 
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is described as holding pebbles and boulders, sometimes a foot in 
diameter, of the subjacent gneiss, from which they appear to be 
derived. The boulders display red orthoclase feldspar, translu
cent colorless quartz, green hornblende and brownish black mica 
arranged in parallel layers, which have a direction according to 
the attitude in which the boulders were accidentally inclosed. '1'he 
rocks on the Lake of the Woods, which are in the following pages 
referred to as agglomerate schists. are not basal conglomerates. 
They are not at the base of the series included in the schistose 
belt, nor are they apparently composed of water-worn fragments, 
derived from the rocks upon which they rest. 

"No fragments that can be referred to the undArlying granitoid 
gneisses are found included in the agglomerate schists of the Lake 
of the Woods. All the facts connected with them point to a volcanic 
origin for these agglomerates, and the fragments are very fre
quently sharply angular, often with re-entering angles, although 
for the most part, they are elongat~d and lenticular in shape, as a 
result of pressure, and the paste in which they are imbedded does 
not differ from them materially, as a rule. In rare instances, 
they pass into a pebble or boulder-conglomerate, in which the peb
bles are usually of a reddish felsitic material, and indicate the 
{}oexistence of aqueous with volcanic deposition." 

"The 'green slate rock' conglomerates at the mouth of the Dore 
river, lake Superior, described by Sir W. Logan, supposed by him 
to be equivalent to the rocks of his main Huronian area, appear to 
resemble the agglomerate schists of the Lake of the Woods. This 
Dore river area of 'green slate rocks,' is however geographically dis
tinct, and appears to differ from the series in the typical Huronian 
region. The rocks are described as standing in a nearly vertical 
attitude, while those of the latter are comparatively fiat.· Neither 
are they associated with beds of quartzites or limestones to a 
material extent. Those differences, with tbe geographical separa
tion, may, I believe, warrant us in considering the possibility of 
Logan having placed under one designation, two distinct series." 

Other and good reasons are given for the opinions here set forth, 
but we must forbear to cite further. 

" While thus the schists of the Lake of the Woo.ds are older than 
the epoch of folding, and older than the granites which are intrud
ed through them, Logan's typical Huronian has come into existence 
later than the time of folding of the gneiss, and possibly also, later 
than the main period of granitic irruption." 

He refers to Irving's conclusions as supporting his own view. 
Oiting Irving's full identification of the Animike series of Thunder 
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bay with the typical Huronian, and his view of the apparent equiv
alence of each with the Marquette, Menominee and Penokee
Gogebic series, he asks: 

"If then, the Animike and Huronian are identical, as Logan 
himself believed, as regards a portion, at least, of the Animike, 
what are the relations of the folded Echists of the Lake of the 
Woods to that flat-lying series'? Professor Irving has expressed 
the opinion 'that both the flat-lying Animike slates and the more 
northern, folded, iron-bearing schists are Huronian,' and gives a 
diagram to show the hypothetical identity of the folded and un
folded eeries on either side of the Mesabi range of granite and 
gneiss" (See ante, p. 203). 

"The folded schists to the northwest, howevpr, so far as the Lake 
of the Woods series teaches, are as different from the Animike as 
they are from the typical Huronian, and were probably folded with 
the gneisses, before the Animike rocks existed as such. The 
Animike series rests, apparently, on granite, along part of ita 
western confines. 'fhe granite of the region appears, as is known 
to have been the case on the Lake of the Woods, and has been more 
recently determined to be true also for Rainy lake, to be of later 
origin than the folded schists·lt-. Hence, in the superposition of 
the Animike rocks upon the granite, we have,again, a sharp distinc
tion in geological time, between the Animike (Huronian?) and the 
folded schists to the west, as represented by the Lake of the Woods 
series. " 

Dr. Lawson thinks, in this view of the facts, "it is bxpedient 
that this series of rocks should receive a convenient name which shall 
be non-committal as to geological relations, and which may be 
used provisionally, till such time as those relations are established 
beyond question. The most appropriate name for the series that 
suggests itself to me is Keewatin [Ke-way-tin], the Indian name 
for Northwe!'t, or the Northwest wind, which has been applied to 
the district within which the rocks occur."t 

*This view of the relative age of the granites and the schists has been more particular
ly argued by Dr. Lawson, in Arnc/,. Jour. Sci, III, xxxiii, 473-480. Although the author 
speaks with confidence. the reader will not underst'tnd that the doctrine is established 
in the sense here conveyed. 

tKeewatin as a Ohippewayan term, has no authorized orthography. The sounds are 
represented in different European languages, according to the pOVl'ers of the letters of 
those languages. It is doubtful whether the usage of the English language has a 
paramount right to impose a fixed form for universal acceptance On any Indian 
vocable, especially, when it is a term proposed for introduction into tHe universal 
language of geology. This diversity in the powers of letters in different lauguages, 
led Americanists long since, to the adoption of certain rules for the spelling of Indian 
names. The alphabet of Dr. George Gibbs, the recognized pioneer in American 
linguistics, was adopted by the Smithsonian Institution, and published with its sanc
tion, in No. 160 of Smithsonian Miscellaneous Oollections, 1866. The rules thus pro-

, ;~ 
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Coming to a geological desC'ription of the region, the author 
dwells upon the existence of great pre-glacial denndation; but in a 
later memoir, this sllbject is treated more at length. 

To the gneissic and granitic rocks he ascribes an origin from 
molten material. He states that the non-orthoclastic constituents 
of the gneiss possess "a distinct flowed structure." The gneisses, 
he says, too, show a "passage into granites devoid of foliation" (p. 
29). Of one of the granites he says: 

"This rock, characteristically granitic in its nature, may be traced 
eastward over a comparatively bare country, and be seen to assume 
gradually, by transitions scarcely perceptible, a gneissic arrange
ment of the crystals, till at last, on the shores of Long lake, it 
presents a quite distinctly gneissic foliation" (p. 30). 

A group of rocks of great importance but very obscure nature, 
is described as "agglomerates, tuff" and boulder conglomerates." 
The character which they present he considers due to "an ex
tremely rapid process of deposition of intimately asspciated and 
often alternating, volcanic ejectamentft, (both flows and tuffs) 
and aqueous sedimentation, the material for which was derived 
partly from the volcanic products, and partly from the more 
silicious or acidic rocks which seem to have constituted the or
iginal floor of the trough" (p. 49).* 

Further of the constitution of the agglomerates, he says: 
"The included fragments of the agglomerates are nearly always 

more or less flattened or lens-shape, the greatest planes in the 
fragments being parallel with the planes of schistosity, which are 
in the great majority of cases observably identical with those of 
the bedding" (pp. 49-50). 

The forms of the fragments are attributed to pressure. The 
agglomelates are said to pass, sometimes, into mica schists; and he 
says it is "not uncommon to find in these mica schists. a small 
proportion of feldspar, which gives them the character of finely 
laminated gneisses, in placAs." 

mulgated have beeu followed in the various publications of vocabularies made by the 
U. S. Department of Ethnology. (See, for illstance, OJlltributions to North American 
Ethnology, vol. i. p. 249,1877, and iii, p. 413, 1877). Under these rules, the vocable Ke
way-tin ShOllld be written Ki-w3-tin; as the vocable Ke-wp,-nxw would be written Ki
wi-na. But should it be considered too late to adopt the Smithsonian orthography of 
these words, there certainly is no English reason for inserting duplicated "e", as in 
Keewatin and Keweenaw (why not KeBweBltawl). The least concession to the demands 
of simplicity and good orthographIc reason, ShOllld prompt a user of the English 
langua.ge to write Ketvalin and Kewenaw. u"or sirnilar reasons, we should write 
Animilw. not An'imi/de or Animike,- Ke_/w-qua-bic, not Ka-/.a-qua-bic. Also, Cuuchichin(J, 

not Coutehichilt(J. 
*A similar view of the nature of the "diabasic schists" of Minnesota has been set 

forth by H. V. Winchell, in the AmeTican Geologist, iii, pp. 18-22. Jan. 1889. 

-15 
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Thus, since the gneiss graduates into granite, he discovers a min

eralogical graduation between mica schist and granite. * 
Particular attention is devoted to the relations of the gneisses 

with the associated schists. "The gneiss", he ~ays, "in some places, 
holds large and small angular fragments of hornblende schist . 
The planes of lamination of the schist and foliation of the gneiss 
are parallel, though there are unmistakable evidences that the 
contact is an igneous one, and that when there is a mixed alterna
tion of gneiss and schist, the former has been inJected within the 
latter [italics are the compiler's]. 'rhis mixture of gneiss and 
schist, with occasional short broken bands find fragments of schist 
included within the gneiss, occur at intervals along the shore of 
Darlington bay" (p. 64). 

In another place, he speaks of "dykf's and gneiss" cutting the 
schists, and presenting the appearance of "evenly intercalated 
beds" (p. 72). As we approach the great gneissic area, these inter
calations become more frequent. At the junp.tion between the 
gneiss and schists, there is "no sharply defined line of contact, but 
a transitional series of layers of IJ,lternate gneiss and schist" 
(p. 72). 

He gives figures of such alternations, and says: 
"The two rocks [are] apparently interbedded as a transitional 

alternation, but the gneiss [is] in reality intruded." In one place 
he enumerates sixteen alternations of gneiss and hornblende 
schist, "some of the gneissic beds being as thin as four inches, six 
inches, eight inehes and one foot, with intervening schistic beds 
as low as eight, twelve and fifteen inches, all regular and bed· like 
in their characters;" "but their true nature," he says, "as injected 
sheets or dykes, is sufficiently revealed." This opinion seems to 
be rested on the facts that occasionally a bed of gneiss sends 
"irregular tongues" into the schists, or includea "fragments of the 
schist walls."t 

The plutonic view is defended by the author with unmistakable 
ability, (p. 83, etc); but we have not the Hpace for adequate cita
tions. The Kewatin is held, with reserve, to be structurally con
formable with the Lanrentian; but at the same time, it is presum
able that a real historic break separates them. 

*Nevertbeless, so far as tbe writer can ascertain. be regards tbe Kewatin as embrac
ing all the rocks down to tbe gneiss, wbere, for the reasons given. be discovers evi-
1.ences of a very different sort of geologic agency. • 

tSimilar relations of gneiss and contiguous scbists are described in tbe Fifteenth and 
Sixteenth Annual Reports of Minnesota; but a different interpretation is put upon tbe 
gneissic beds. See also tbe writer's memoir in Bull. Geog. Soc. Amer., pp. 357-394, 
Apr .. 1890. 

, --: 
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As to the general structure of the region, he says: 
"The granitic intrusions of the area of the Lake of the Woods 

may be grouped under ten main centres of occurrence or distribu
tion, with a number of bosses of minor importance, which appear 
to be independent of these." 

These areas are regarded as so many outbursts through the over
lying Kewatin and are therefore of later age. The granitic 
masses have a definite relation to the stratigraphical structure, and 
seem to lie in the lines of folding, and to have been affected by 
the same cause as produced the folding (pp. 100. 101). 

Of the Kewatin series he enumerates and describes the follow
ing members: 

"Granitoid rocks at either extreme. 
"Hornblende schists with associated 

more or less chloritic. 

. 
altered traps, the whole 

"Agglomerate schists, varying in character from greenstones to 
micaceous or gneissic schists. 

"Quartzose mica schist, sometimes gneissic, but lamination vel' y 
even. 

"Hydromicaceous and chloritic schists, and arenaceous slates. 
"Granite (irruptive)." 
1887. In continuation of the results of his studies in the Cana

dian Northwest, Dr. [.lawson gave a preliminary account of the 
geology of the Rainy lake region. * This region geologically is 
a continuation of that of the Lake or the Woods. He here brings 
out more expressly his belief that the granitic and gneissic rocks 
are younger in respect to the conditions in which we know them, 
than are the crystalline and semi-crystalline schists. He says 
truly: 

"We do not yet know their original condition prior to the fusion 
from which they solidified into granites, syenites and gneisses. 
They may have been sedimentary; they may have been the original 
crust of the earth. But whatever may have been that original con
dition, the evidence is clear on this point, viz: that the fusion and 
solidification whereby they were brought into their present con 
dition 8S firm crystalline rocks, took place at a period subsequent 
to the existence, in a hard, brittle condition, of the stratiform, and 
often very distinctly clastic, rocks which occupy the higher place 
in the column. Therefore, as rocks, the members of this fund
amental syHtem are of younger age than those of the nearest 
overlying formations." 

But he draws the line of distinction between igneous and sedi-
*Amer. Jour. Sci., III, xxxiii, 473-480, June. 1887. 
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mentary rocks at the crystalline schists. He includes here certain 
fine-grained, bedded rocks for which he proposes the term "grann
life gne£ss."* The schists generally known as crystalline schists, 
occupying a position between the gneisses and the semi-crystalline 
schists, are here separated from the latter, and receive the name. 
"Coutchiching series."t 

He says of them: 
"They are very sharply and distinctly marked off from the lower 

granites and gneisses of the Laurentian. The geological contact 
between the Coutchiching series and the Laurentian is one of neither 
conformity nor unconformity. The break is of an entirely different 
order, and the contact is eminently that of an igneous injection or 
intrusi~n of the lower through the upper rocks" (p. 4(7), 

The overlying [Kewatin] schists are "of entirely different 
character." The rocks are for the greater part "of volcanic origin' 
Though structurally conformable with the Couchiching series, the 
appearance of parallelism may be the result of folding and pressure. 
The diverse character of the rocks of the two series is proof of a 
profound alteration in the conditions of rock formation, which 
implies a geological break. 

Regarding the systems in order of superposition, he arranges. 
them thus: 

Kewenawan (Nipigon). 
Huronian (Ani mike ). 
Kfl\vatin. 
Couchiching. 
Laurentian. 

But regarding them in the order of age, they would stand thus: 
Kewenawan (Nipigon). 
Huronian (Animike). 

Diabase dykes and gabbro, 
Granite, post-Laurentian. 

Laurentian. 
Rewatin. 
Couchiching 

1888. Dr. Lawson's final report on the geology of Rainy lake 
region appeared in 1888.t This thoroughly scientific memoir, in 
the discussion of doctrines, is devoted rather to the strpngthening 

*This convenient and appropriate term has been used many years by tbe present 
writer. This, as also "granulite schist,," are given inbis "Geological Studies," PP 51 
74, 76, etc. 1886. 

tBetter Couchiching, for reasons stated above. 

tGe%(Jical a,nd Natu.ral History Survey ot Canada. Annual Report (New Series), vol 
iii, Part I, PP. 182, with a map. 
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of positions previously assumed than to the elimination of new 
views, and thus, in spite of its value, does not seem to demand more 
than the citation of a few passages. Among the facts however, 
which possess greatest interest, are some occurrences of a con glom
-erate which, as nearly as may be judged, is an extension of the 
Ogishke conglomerate of Minnesota. 

"On the shores of Rat-Root bay, the basal beds of the Keewatin 
are pebble-conglomerates, of which the paste is a green schist, and 
the pebbles mostly water-worn, rounded or oval pieces of vitreous 
or saccharoidal quartz. Some of the pebbles are feldspathic, and 
when so, are occasionally foliated. On the south shore of the bay, 
boulders of granite are observed to form part of the conglomerate, 
one boulder being at least eighteen inches in diameter, and of a 
ronghly rounded shape" .(pp. 38,82, 105). 

Again on Grassy lake, the basal beds of the Kewatin "are fissile, 
soft, green-chloritic and hornblAndic schists, the detrital origin of 
which is established by the fact that on the north side of the lake, 
they constitute the paste of a pebble-and- boulder-conglomerate" 
(pp. 55, 82). This conglomerate is much more voluminous on the 
north side of Shoal lake. 

Among the soft fissile, glossy gray schists of the Kewatin series 
at the west end of Schist lake, there are several beds of conglom
erate, the pebbles of which are mostly quartz rock, and the matrix: 
a soft, more or less calcareous, decomposed schist, stained yellow
ish with oxide of iron. 

He notes the parallelism of the two series and says again, this 
affords but little evidence of original conformity; and relies upon 
the abrupt lithological contrast for e-vidence of a historical break. 
The conglomerate he regards as a basal* conglomerate "in which 
the pebbles have very probably been derived from the underlying 
formation" (pp. 56, 105). 

He notes, what has also been observed in Minnesota, that the 
series of crystalline schists is quite inconstant in its occurrence. 
Sometimes the Kewatin rests on the gneiss, and then the basal 
member is likely to be hornblende schist. But this schist is apt 
to be wanting when. the Kewatin rests on mica schist (p. 38). 

Of the hornblende schists he says: 
"There is much presumptive evidence in favor of the view that 

they are partly altered, massive rocks, and partly altered, volcanic 
ash-beds (pyroclastic), but little or none, that they are the altera
tion products of clays or other forms of detrital matter. " 

*This position of the Ogishke Conglomerate of Minnesota has seemed to the writer 
dearly pointed out by the facts observed. See Si.'CteenthAnn. Rep. Minu. pp. 344-1150; 
859-360. 
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The changes undergone have been so profound that the original 
character has been destroyed, and a new rock of differen t constit~en t 
minerals has crystallized in situ. Pressure and crushing may have 
been potent in the destruction of the original structure; but in the 
later history, chemical or mf'tamorphic forces have been chi~fl.y 

active, and have obliterated all the traces of crushing (p. 73). 
Of the soft, fissile, green schists he says: 
"These are schists closely resem bling the paste ohome of the con

glomerates. They are usually distinctly beeded. Their clastic 
origin can scarcely be doubted, thollgh, as in the paste of some of 
the conglomerates, their association with bedded traps and their 
mineralogical analogy with the alt.ered phases of those traps, ren
ders it extremely probable they were never ordinary clays, but, 
were originally fine-grained, volcanic ash-beds, the constituent 
minerals of which have suffered alteration and decomposition 
along the same lines as those observable in the traps" (p. 82). 

He finds few serpentines. Their relations to the rocks adjoin
ing them are ill-defined. They appear to be the alteration pro
ducts of igneous masses which have the same geological age as 
the traps and other volcanic rocks of the Kewatin series; and 
although their common boss-like character suggests that they are 
intrusive through the Kewatin rocks, such intrusion has probably 
taken place coeval with the bedded formations, volcanic and sedi
mentary, oHhe Kewatin (p. 97). 

In reference to the relations of the Couchiching series to the 
Kewatin and Laurentian, he remarks: 

"Without being able to conclusively prove it, there appears to 
be much presumptive evidence in the facts cited, to show that the 
present eminently crystalline state of the Coutchiching series is the 
result of the metamorphism of strata which were originally in 
large part, ordinary quartzose sediment, although part may pos
sibly have been acid volcanic rocks, such as quartz-porphyries or 
felsites. In many parts of the series garnets abound, and if the 
rocks were carefully examined, other metamorphic minerals would 
doubtless be found. That percolating silicious solutions were 
active agencies in effecting the metamorphism of these strata, is 
proved by the fact that in many places, particularly on the north. 
side of Saginaw bay and east of Brule narrows, the partings be
tween the beds have served as fissures for the deposition of vein
quartz. This vein-quartz is very abundant in lenses or lens-like
sheets, and is clearly a seconjary product in the rock. The same 
watery solutions which des posited the quartz in these lenses, in 
the more open portions of the formation, must have saturated the-
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rock throughout, and given rist:l, probably, to much of the quartz 
and feldspar in it. Only in one instance has hornblende been 
observed throughout the whole series. There are no intercalations 
of basic volcanic rocks, and none that can now be distinctly recog
nized as acid volcanic rocks. There are no limestones or dolomites 
in the series, nor have any eonglomerates been observed." (p. 105.) 

The subject of inclusions in the Laurentian gneiss is very partic
ularly treated. These gneisses, both of the granite and the syenite 
type, frequently consitute a matrix in which angular fragments of 
schists are inclosed. These are most abundant in the vicinity of 
the lines of junction with the overlying schists. The included 
fragments may belong either to the Couchiching or Kewatin series. 
Along the zone of contact, apophyses or dykes from the gneiss 
penetrate the contiguous sheets. These facts are thought to prove 
that the inclusions are simply detached portions of the overlying 
formations "which in a firm and brittle condition, have become 
immersed in the underlying viscid magma, which subsequently 
crystallized out as the Laurentian gneiss and granite It seems 
probable, too, that such shattering and detachment of fragments 
took place at the last stages of crumpling of the crust in this 
region. After the solidification of the Laurentian gneissE's, 
there was no farther very violent deformation of the crust, for the 
Laurentian rocks appear to have resulted from the fusion not 
simply of the floor upon which the Coutchiching and Kewatin rock 
first rested-what ever such floor may have been*-but also with 
it oE portions of those series" (pp. 130, 131 ).t 

1890. Early this year, Dr. Lawson published a thoughtful and 
important memoir on the internal relations and taxonomy of the 
Arcbrean of Canada.t He discusses, first, the separability of the 
Arcbalan into two divisions, which, with subdivisions, would pre
sent the following scheme: 

*The recognit.ion of the necessity of a "floor" on which the marine sediments could 
have rested, is a tacit admission of the existence of a geological formation older than 
that formed from the sediments. To say that we know noMling of that solid floor ex
cept as an inference, is the same as we must s"y "'hout the former fused or plastic 
condition of the granites and gneisses. The indications of such plasticity afford no 
stron~er basis for the inference than the indisputable neeessity of a solid non-igneous 

. sea-b~ttom to support the W:1ters of a sediment-laden ocean. We have, in reason, in 
both cases, satisfactory ground for a conclusion, and in both cases, proof from obser
vation is precluded. In fact, the conclusIon that molten masses of granite emerged 
through or into beds of strata already existing, possesses the same kind of support as 
the conclusion that a solid foundation earlier existed for the penetrated strata to ac
cumulate npon. It is, in short, demonstrable that the schists have no claim to be 
reckoned first in the order of time. 

tPhenomena of the class here descrihed have also been fully detailed, with many 
illustrations, from the contigous territory of northern lI1innesota. See Fifteenth and 
Sixteenth Annual Reports, Geol. Sun1. ilIinn., IS86, 18.'17. 

;BulZetinof the Gco/.ogical Society of Amcl'ica. pp, 17,;-104, lIIareh 20. 
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ARCHlEAN. 
Ontarian. [Now first proposed.1 

Kewenian. * [N i pigon. ] 
Huronian. [Animike.] 
Kewatin.* [Often confounded with Huronian] 
Couchiching. * [Vermilion of N. H. Winchell.] 

Lauren tian. 
In presenting a petrogrllphical description of the members of 

the Ontarian division he says of the hornblende schists: 
"The field evidence points b their derivation from basic volcan

ic rocks," and cites examples from Norway and S~otland tending 
to prove "the derivation of the bulk of the hornblende schists from 
normal volcanic massive rocks, which were originally bedded with 
other stratified rocks, either liS flows or as injected Silld. Other 
hornblende schists are probably derived from an analogous alter
ation of tuffs of basic volcanic rocks" (p. 179). 

As to the extent of the influence of metamorphism in the Onta
l'ian system, Dr. Lawson offers reflections which narrow the gap 
between him and the metamorphic school. He says: 

"In deference to these [plutonists] and other anti-metamorphic 
schools of thought, in which for the most part, theory seems to 
crowd out fact, it becomes necessary, with the accumulation of evi
dence of recent years, to point out the great additional strength 
acquired by the theory of metamorphism as applied to the Archooanr 
by the recognition of the volcanic origin of much of the material 
upon which metamorphic agencies ha.ve operated, and by the limi
tation of its application to the upper division [Ontarian] of the 
Archooan; the rocks of the lower division, or Laurentian, being 
susceptible of an entirely different explanation. The lack of dis
crimination between the essentially different characters of the 
upper and lower Archooan, and the lumping of the whole complex 
together as having necessarily the same origin and development has 
been the great mistake alike of the metamorphic and the ex
treme plutonic schools. Just as the metamorphic theory, properly 
limitp.d, affords the explanation of the development of the rocks of 

*Kewenian is not, named in this connection, but in previous documents it is put in 
the position here indicated. 

Although this'slightly simplified orthography of three of these divisions is here used 
by the writer, the terms are considered the same as those employed by Dr. Lawson. 

In writing of the Oouchiching series, for which the name "Vermilion series" was 
employed by N. H. Winchell about the same time as proposed by Dr. Lawson, he takes 
occasion to express regrets that the present writer had used "Vermilion series" and 
"Vermilion system" "in a much more comprehensive, but still undefined sense." It is 
proper to say that those expressions were not intended as taxonomic in value, but 
simply as geographical, referring to 1.he whole H.Rsemblage of rocks about Vermilion 
lake. 
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the upper Archroan from normal formations, so by a similar limita
tion of the plutonic theory, and the introduction of some modifying 
considerations, we will find in the latter, a rational and consistent 
explanation of the origin of the rocks of the Laurentian" (p. 181). 

In another memoir, Dr. Lawson has recorded* important obser
vations on the pre-Palroozoic surface of the Archroan terranes of 
Canada. The surface known as 1'oches mouionnees, generally at
tributed to the action exerted during the last glaciation, is seen to 
have existed when the Palroozoic sediments were laid down-form
ations of whatever age adapting their under surfaces to the bossy 
surface of the Arcbroan. 

Another announcement possesses similar interest. Vestiges of 
Pal roo zoic strata are now known in so many districts resting in the 
protected depressions of the Archroan, that it appears probable that 
a large part of the Archroan surface was once covered by a blanket 
of fossiliferous rocks. In this view, the region which we call the 
Archroan nucleus of the continent was not visibly such until after 
a vast amount of denudation; though of course, it really existed as 
a grand swell in the fundamental structure of North America. A 
further inference from such a fact is the certainty that the material 
of the Palroozoic sediments was derived from some source now lost 
to view. 

It becomes necessary to bring to a close our citations from the 
views of American workers on the nature and history of the older 
rocks. 'Though the undertaking has produced more voluminous 
results than were anticipated, there still remains a large body of 
valuable opinions, to which j II stice demands, probably, that some 
reference be made-opinions both of those who have been quoted, 
and opinions of others who, thus far, have been but incidentally 
mentioned. Regretting the necessity for these omissions, the com
piler hopes, nevertheless, that what has been presented, may prove 
useful to many students in this difficult field of inquiry. 

ERRATA. 

Page 77-For "Bucoides" rea. Fucoides. 
Page 83-For "It is intended" read It is not intended. 
Page lO8-After "Georgia tril(lbites" illsert to. 
Page 11S-DeJe "[41" and five lines below substitute [4] for [5]. 
Page 126-Last line for x read plus. 
Page 207-For "resents the following" read presents the following. 

*BulL. Geol. Soc. Amer.163-174, March 12, 1890. 

.. 
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Altenburg. Naturforscbende Gesellscbaft des Osterlandes. Mittbeilungen,III. 
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xxv,13. 
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xvii, 1-6, 9-12; xviii; xix; xx, 1-4. 
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Minneapolis. Academ;v of Natural Sciences. Bulletin, iii, 7. AlI'ericBll 
Geologist, i-v; vi, 1-4. 
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Montreal. Canadian Record of Science, i, 3, 4; ii, 1, 2,4-8; iii, 1-3,7; iv, 3. 
Moscou. SocieM Imperiale des Naturalistes. Bulletin, 1884, iv; 1885-1888; 

1889, i-iii. Beilage,1885-1889. Nouveaux Memoires, xv, 4, 6. 
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v, 1-3. American Geographical Society. Bulletins, xxi, Supplement; 
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of the Geological Survey of New Zealand from 1866 to 1885. Meteorologi
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tion of 1885. 'Studies in biology for New Zealand students, iii. Manual 
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Norway. The Norwegian North Atlantic Expedition, 1876-1878, xv-xix. 
Nurnberg. Natur-historische Gesellschaft. Jahresbericht, 1887,1888. Fest
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l'aris. Societe Zoo!ogique de France. Bulletin, i-xiii; xiv, 1-10; xv, 1-5. 
Memoires, i; ii; iii, pp. 1-96. 

Philadelphia. Academy of Natural Sciences, 1888; 1889; 1890, i. American 
Naturalist, xxii; xxiii, 265-269,271-276; xxiv, 277-284. Wagner Free In
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Rio de Janeiro. Museo Nacional Archivos, vii. 
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Stettin. Verein fur Erdkunde. Jahresbericht 1886, 1887, 1888. 
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Topeka. Kansas Academy of Sciences. Transactions, x; xi; xii,!. 

Wasllburn Laboratory of Natural History. Bulletin, i; ii,8-11. 
Toronto. Canadian Institute. Proceedings, iii, 3, 4-; iv-vi; vii, 1. 
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Upsala. University. Arsskrift, 1886, 1887,1888. 
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K. Zoologisch-botanischen Gesellschaft. Verhandlungen, xxxiii-xxxix; 
XL, I, 2. 
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Borneman, John G. Die versteinerungen des Cambrischen Schichtensystem 

des Insel Sardinien. 
Brauns, D. Das problem des Serapemus von Pazzuoli. 
Clark, W. B. Ueber die geologische verhliltnisse der Gegend nordwestlich vom 

Aachen See. 
Danielson, D. C. and J. Koren. Fauna littoralis Norvegire. Part 1-3. 
Dawson, G. M. The mineral wealth of British Columbia. 
Frazer, Persifor. The Archean Palreozic Contact near Philadelphia, Pa. 

Archean characters of the rocks of the nucleal ranges of the Antilles. 
Fuchs, Edmond. L'Isthme de Corinthe, sa constitution geologique. 3 copies. 

Notice necrologique sur A. E. Beguyer. 
Notice sur la constitution des Gites die Phosphate de Chaux. 

Gorman, H. A preliminary report on the animals of the waters of the Mis
sissippi bottoms. 

Gatschet, A. S. Six excerpts on ethnological subjects. 
Geinitz, F. Eng, Die Blattinen aus der unteren Dyas. 

Das Erdbeben von Iquique am 9 Mai, 1877. 
Die Skandinavischen Plagioclas gesteine und Phonolith. 

Gerster, C. Die Planer-bildungen um Ortenburg bei Pastan. 
Rehl, R. A. Von den vegetabilisohen Schatzen Brasiliens und seiner Boden-

cultur. 
Helland, A. Lakis kratern og lava stromme. 
Rensoldt, H. A naturalist's rambles in Ceylon. 
Jensen, O. S. Turbellaria ad litora Norvegire occidentalis. 
L6vy, A. Michel. Sur une gisement francais de Melaphyres it Enstatite. 
Lindahl, J. Thirteen excerpts on zoological subjects from the Kongl, Veten-

skaps Akademiens, Handlingar. 
L!l.fstrand, G. Om apotitens forekomst i Norrbottens Ian. 
Marcou, J. American geological classification and nomenclature. 
Nausen, F. Bidrag til Myzostomernes anatomi og histologi. 
Ochsenius, C. Beitrage zu Erklarung der bildung von Steinsalzlagern. 
PohHng, Hans. Dentition und kranologi des Eliphas antiquus Fole. 
Reusch, Hans. Bommeloen og Karmoen medamgivelsergeologisk beskrevn8 
Rutley, Frank. Hock-forming minerals. 

On Trachyte from Victoria Park. 
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Stenzel, Gustav. Die Gattung Tubicaulis Ootta. 
Snow, F. H. 011 the disaovery of a fossil birl-track in the Dakota sandstone 
Ulrich, E. O. Contributions to the Micropltlroontology of the Oambro-Silurian 

rocks of Canada. Part II. 
Zinken, C. F. Die geologischen horizonten der fossilen Kohlen . 
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Noxious and beneficial insects of the state uf Illinois: Reports 6-11-
Insects injurious to agriculture. By P. R. Hoy. 
On the genera of Aphidro found in the United States. By Benj. D. Walsh. 
Spiders of the United States. By N. M. Hentz. 
The water-power of Maine. Walter Wells. 
List. of the Coleoptera of America north of Mexico. Samuel Henshaw. 
Remarks on synonyms of European spiders. Parts 1-4. T. Thorell. 
On European spiders. T. Thorell. 
Schoolcraft's Mississippi river. Summary narrative. 
Butterflies of the Eastern United States. G. H. French. 
Enumeratio Hemipterorum. Parts 1-5. C. Stal. 
32 papers on iron ores. Purchased from A. E. Foote. 
Annual reports of the Commissioner of Mineral Statistics of Michigan for 1880 

1881 and 1884. 
Mines, miners and mining interests of the United States in 1882. Balch. 



STATE GEOLOGIST. 231 

PUBLICATIONS OF THE GEOLOGICAL AND NATURAL 

HISTORY SURVEY OF MINNESOTA. 

1. ANNUAL REPORTS. 

THE FIRST ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY 
OF MINNESOTA. FOR THE YEAR 1872. 112 pp., 8vo.; with a colored map of the state. 
By N. H. Winchell. Puhlished in the Regents' Report for 1872; Second edition 
identical. 

THE SECOND ANNUAL REPORT ON l.'HE GEOLOGICAL AND NATURAL HISTORY SURVF.Y OF 
MINNESOTA, FOR THE YEAR 1873. 145 pp., 8yo.; with illustrations. By N. H. Winchell 
and S. F. Peckham. Published in the Regents' Report for 1873. Out of print. 

THE THIRD ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY OF 
MINNESOTA, FOR THE YEAR 1874. 42 pp., 8vo.; with two county maps. By N. H. Win
chell. Published in the Regent's Report for 1874. Out of print. 

THE FOURTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY 
O}' MINNESOTA, FOR THE YEAR 1875. 162 pp.; 8yo.; with four county maps and" 
number of other illustrations. By N. H. lVinchel!, assisted by M. W. Ha,rrinCJtvn. 
Also in the Regents' Report for 1875. 0 ut of print. 

THE FIFTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY OF 
MINNESOTA, FOR THE YEAR J876. 248 pp.; 8vo.; four colored maps and several other 
illustrations. By N. H. Winchell; with reports on Ohemistry by S. F. Pe;;khann; 
Ornithology by P. L. Hatch; Entomology, hy Allen Whitman; and on Fungi, by A. 
E. Johnson. Also in the Regents' Report for 1876. Out of print. 

THE SIXTH ANNUAL REPORT ON THF. GEOLOGICAL AND NATURAL HISTORY SURVEY OF 
MINNESOTA, FOR THE YEAR 1877. 226 pp.; 8yo.; three geological maps and several 
other illustrations. By N. H. Winchell; with reports on Ohemical Analyses, by S.l? 
Peckham; on Ornithology, by P. L. Hc,tch; on Entomology, by Allen Whitman; and 
on Geology of Rice county, by L. B. Sperry. Also in the Regents' Report for 1877. 
Out of print. 

'rHE SEVENTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY 
OF MINNESOTA, FOR THE YEAR 1878. 123 pp.; 8yo.; with twenty-one plates. By N. 
H. WincheLL: with a Field Report, by C. W. HOI!!; Ohemical Analyses, by S. F. Peck
hOlm: Ornithology, by P. L. Hatch; a list of the Plants of the north shore of Lake 
Superior, by B. Juni: and an Appendix, by C. L. Herrick, on the Microscopic Ento
mostl'aca of Minnesota: twenty-one plates. Also in the Regents' Report for 1878. 
Out of print. 

THE EIGHTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURYEY 0" 
MINNESOTA, FOR THE YEAR 1879. 183 pp.; 8vo.: one plate (Oastoroides). By N. H. 
Winchell. Oontaining a statement of the methods of Micr09copic Lithology, a dis
cussion of the Oupriferous Series in Minnesota, and descriptions of new species of 
brachiopoda from the Trenton and Hudson River formations; with reports on 
the Geology of Oentral and Western Minnesota, by WarTen Upham; on the Lake 
Superior region, by C. W. Hall: lists of birds and of plants from Lake Superior. by 
Thomas S . Robe/rts: Ohemical Analyses, by S. F. Peckham; Report by P. L. Hatch; 
and four Appendixes. Also in tbe Regents' Report for 1879 and 1880. Out of print. 
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1'HE NINTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY OF 
MINNESOTA, FOR THE YEAR 1880. 392 pp.; SVo.; three Appendixes, two wood cut 
illustrations and six plates. By N. H. Winchell. Oontaining field descriptions at 
442 crystalline rock samples, and notes on their geological relations, from the 
northern' part of the state, new brachiopoda, the water supply of the Red River 
valley, and simple tests of the qualities of water; witl, reports On the Upper Miss
issippi region, by O. E. Garrison; on the Hydr010gy of Minnesota, by 0.1II. Terry; 
on the Glacial Drift and its Terminal Moraines, by Warren Uph(l;m; Ohemical 
Analyses, by J. A. Dodge; a list of the birds of Minnesota, by P. L. Hatch; and of 
the winter birds, by Thomas S. Roberts. Also in the Hegents' Report for 1879 and 
1880. Out of print. 

THE TENTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY OF 
MINNESOTA, FOR THE YEAR 1881. 254 pp.; 8vo.; witil ten wood cut illustrations and 
fifteeD plates. By N. H. Winchell. Oontaining field descriptions of about four 
hundred rock sam pIes, an d notes on their geological relations, continued from the last 
report, the Potsdam sandstone; typical thin sections of t,he rocks of the Ouprifer
ous Series; and the deep well at the "0" Washburn mill, Minneapolis; with Geol
ogical notes, by J. H. Kloos; Ohemical Analyses, by J. A. Dodge; and papers on the 
Orustacea of the fresh waters of Minnesota, eleven plates, by O. L. Herrick. Also 
in the Regents' Report for 1881 and 1882. 

THE ELEVENTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY 
OF MINNESOTA, FOR THE YEAR 1882. 219 pp.; 8vo.; with three wood cut illustrations 
and one plate. By N. H. Winchell. Oontaining a report on the Mineralogy of Min
nesota, and a note on the age of the rocks of the Mesabi and Vermilion iron 
districts; with papers on the crystalline rocks of Minnesota, by A. Streng and J. H. 
1<-,oos; on rock outcrops in Central Minnesota and on Lake Agassiz, by Warren 
Uph(l;m; on the iron region of Northern Minnesota, by AlbeIt H. Ohester; Chemical 
Analyses, by J. A. Dodge; and an Appendix containing Minnesota Laws relating to 
Mines and Mining, abstracted by O. L. Hel'rick. Also in the Regents'Report for 
1881 and 1882. 

THE TWELFTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SURVEY 
OF MINNESOTA, ~'OR THE YEAR 1883. Summary report, containing paheontological 
notes, and a paper on the comparative strength of Minnesota and New F.ngland 
granites, twenty-six pages, by N. H. WineTtel/.; final report on the Crnstacea of 
Minnesota, included in the orders of Cladocera and Copepoda, 192 pages and 30 
plates, by O. L. Herrick, and a catalogue of the flora of Minnesota, 193 pages, with 
one map showing the forest distribution, by lVarren Upham. Also in the Regents' 
Report for 1883 and 1884. 

THE THIRTEENTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SUR
VEY OF MINNESOTA, FOR THE YEAR 1884. 196 pp. Geological reconnaissances, the 
Vermilion iron ores, the crystalline rocks of Minnesota and of the Northwest, the 
Humboldt salt-well in Kittson county, records of various deep wells in the state, 
fossils from the red quartzyte at Pipestone, reports on the New Orleans Exposition 
and on the General Museum, by N. H. Winchel!; Geology of Minnehaha County, 
Dakota, by WMren Upham; Ohemical report, by Prof. Jas. A. Dodge; Minnesota 
geographical names derived from the Dakota language, by Prof. A. W. WilUlJ;mSon; 
insects injurious to the cabbage, by O. W. OestLund; Geological notes in Blue Earth 
county, by Prof. A. F. Bechdo!t; and on a fossil elephant from Stockton, by Prof. 
John Holzinger; papers on the Cretaceous fossils in the boulder clays in the North
west, by Georoe 1II. Dawson and by WoodwiJ;1d and Thom(l;8; .and notes On the Mam
mals of Big Stone lake and vicinity, by O. L. Herrick. 

THE FOURTEENTH ANNUAL REPORT ON THE GEOLOGICAL AND NATURAL HISTORY SUR
VEY OF MINNESOTA, FOR THE YEAR 1885. 354 pp.; two plates of fossils and two wood 
cuts. By N. H. Winchell. Containing summary report, notes on some deep wells 
in Minnesota, descriptions of four new speCies of fossils, a supposed na.tural alloy 
of copper and silver from the north shore of Lake Superior, and revision of the 
stratigraphy of the Cambrian in Minnesota, with the following papers by assistants' 
viz.; List of the Aphididffi of Minnesota, with descriptions of some new species by 
(j. W. Oesaund; Report on the Lower Silurian Bryozoa, with preliminary: descrip
tions of Some new species by E. O. Ulrich; Conchological notes, by U. S. Grant; 
Bibliography of the Foraminifera, recent and fossil, by Anthony Woodward. 



STATE GEOLOGIST. 233 

TH>: FIFTEENTH ANNUAL REPORT ON THE GEOLOGICAL 'AND NATURAL H[STORY SURVEY 
OF MINNESOTA, FOR THE YEAR 1886. 493 pp.; 8vo.; 120 dla~ram illustrations ",nd 
sketches in the text, and two colored maps; embracing rep~rts on observations on 
the crystalline rocks in tbe northeastern part of the state, 1JY Alc:tandcr JVinchell. 
N. H. Winchel! and H. Y. Winchell; Chemical report by Pl"Of . .T. A. Dodae; addit.ional 
railroad elevations by N. H. Trinc/w!!; list of Minnesota geographieal names 
derived from the Chippewa lan.",uage, by Rev . .T. A. GilfiUan, alld notes on Illmni. 
describing three new species, by AuU. F. F'oerstc. Also [IS supplement II of the 
Regents' Report for 1887-1888. 

THE SIXTEENTH ANNUAL REPORT ON THE GEOLOGICAl, AND NATURAL HISTORY SURVF;Y 
OF MINNESOTA. FOR THE YEAR 1887. 504 pp.; 8vo.; two plates and 8'.) othel' illustra
tions. Oontains reports on the original Huronian a.rea, the Marquette iron reglon. 
on the Gogebic [lnd Penokee iron-bearing rocks, on the formations of N'.'rtllCastern 
Minnesota (including the physical [lspect.s, vegetation, 'llladrllpeds and other 
vertebrates), the geology of the region northwest from Vermilion lake to Rainy 
lake and of the Little and Big Fork rivers; also notes on the Mollusean fauna of 
Minnesota. 

THE SEVENTEENTH ANNUAL REPORT ON THE GEOLOGICAL AND NATUHAL HISTORY SUR
"EY O~' MINNESOTA, FOR THE YEAR 1888. pp. 280; 81'0.; ten text illustrations. Con
tJ,ins: Report of N.H. Winchetl; the crystalline rocks of Minnesota, a general report 
of progress made in the study of their field relations, with a bibliography of recent 
vorks on the crystalline rocks; report of H. Y. W'inchel1, field observations in the 

L'on regions; report of Uly. S. Grant. geological observations in northeastern r.1in
Ihlsota. 

II. FINAL REPORT. 

THE GEOLOGY OF MINNESOTA. VOL. I OF 'l'HE FINAL REPOR'l·. 1872-188:). xiv and 697 
VP .. quarto; illustrated by 43 piates and 52 figures. By N. H. Winchell, assisted by 
Warren Up/.am. Containing an historical sketch of explorations and surveys in 
Minnesota, the general physical features of the state, the building stones and the 
Geology of Houston, Winona, Fillmore, Mower, Freeborn, Pipestone, Rock and Rice 
counties, by N. H. WincheU; the Geology of Olmsted, Dodge and Steele counties 
by M. W. Harrington; and the Geology of Waseca, Blue Earth, Faribault, Waton
wan, Martin, Cottonwood, Jackson, Murray, Nobles, Brown, Redwood, Yellow Med
icine, Lyon, Lincoln, Big Stone, Lac qui Parle and Le Sueur counties, by Warrell. 
Upham. Distrihuted gratuitously to all public libraries and county auditor's 
offices in the state, to other state libraries and state universities, and to leading 
geologists and scientific societies; the remainder are held for sale at the cost of 
publication, $3.50 per copy in cloth, or $5 in grained half roan binding, upon appli
cation to Prof. N. H. Winchell, Minneapolis. 

THE GEOLOGY OF MINNESOTA. VOL. II OF THE FINAL REPORT. 1882-1885. xxiv and 695 
pp., quarto; illustrated by 42 plates and 32 figures. By N. H. Winchell, assisted by 
IVarren Up/l(l;m, containing chapters On the Geology of Wabasha, Goodhue, Dakota .. 
Hennepin, Ramsey and Washington counties by N. H. Winchell, and on Carver. 
Scott, Sibley, Nicollet, McLeod, Renville, Swift, Chippewa, Kandiyohi, Meeker. 
Wright. Chisago, Isanti, Anoka, Benton, Sherburne, Stearns, Douglas, Pope. 
Grant, Stevens, Wilkin, Traverse, Otter Tail, Wadena. Todd, Crow Wing, Morrison, 
Mille Lacs, Kanabec, Pine, Becker and Clay counties, by Warmn Upham. Distrib
uted according to law in the same manner as VoL I above. 

III. MISCELLANEOUS PUBLICATIONS. 

1. CIRCULAR No. 1. A copy of the law ordering the survey, and a note asking the eo
operation of citizens and others. 1872. 

2. PEAT FOR DOMESTIC FUEL. 1874. Edited by S. F. Peckham. 
:1. REPORT ON THE SALT SPRING LANDS DUE THE STATE OF MINNESOTA. A history of 

all official transactions relating to them, and a statement of their amount and lo
cation. 1874. By N. H. Winchel!. 

4. A CATALOGUE OF THE PLANT" OF MINNESOTA. Prepared in 1865, by I. A. Lapham •. 
contributed to the Geological and Natural History Survey of Minnesota, and pub
lished by the State Horticultural Societ,y in 1875. 

5. CIRCULAR NO.2. Relating to botany, and giving g'eneral direetions for collecting 
information on the flora of the statc. 1876. 
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6. CiRCULAR No.3. The establishment and organization of the Museum. 1877. 
f. CIRCULAR NO.4. Relating to duplicates in the Museum and exchanges. 1878. 
B. THE BUILDING STONES, CLAYS. LIMES, CEMENTS, ROOFING. FLAGGING AND PAVING 

STONES OF MINNESOTA. A special report by N. H. Winchell. 1880. 
9. CIRCULAR NO.5. To Builders and Quarrymen. Relating to the collection of two

inch cubes of building stones for physical tests of strength, and for chemical exam
ination, and samples of clay and brick for the General Museum. 1880. 

10. CIRCULAR NO.6. To owners of mills and unimproved water-powers. Relating 
to the hydrology and water powers of Minnesota. 1880. 

IV. BULLETINS. 

No.1. History of Geological Surveys in Minnesota. By N. H. Winchell. 
~o. 2. Preliminary Description of the Peridotytes, Gabbros. Diabases and Andesytes 

of Minnesota. By M. E. Wadsworth. 
No.3. Report of work done in Botany in the year 1886. By J. C. Arthur. 
~o. 4. A synopsis of the Aphididre of Minnesota By O. W. Oesaund-. 
No.5. Natural Gas in Minnesota. By N. H. Winchell.. 
No.6. The Iron Ores of Minnesota. N. H. Winchell and H. V. Winchell. In prees. 
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