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NOTE.-The work embodied in the following report by Dr. Wadsworth was done in 1886, in 
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law of the legislature, and because that volume would be unduly swollen if this were included in 
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names in ite. This distinction was proposed by Prof. J. D. Dana, and serves well the purpose for 
which it was instituted. N. H. WINCHELL. 
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INTR,ODUCTORY. 

It is proposed in the following pages to give a preliminary 
description of certain types of Minnesota rocks, to serve as a 
framework for a more complete discussion of the same in the 
final report. In order that the manuscript should be in the 
hands of the printer in season for the annual report for 188" (,p 
much ~ork that it was desirable to do has been left undone, and 
many matters, upon which the investigations were in too incom
plete a state even for the preliminary publication, have been 
omitted, or only briefly touched upon. This has been the case 
with the large and important group of melaphyr rocks, upon 
which the work is too incomplete for publicat.ion. 

The field relations and to some extent the microscopic charac
ters of the rocks described in the following pages have been 
given by the state geologist in the annual reports for 1879, 1880, 
and 1881, and in volume I of the final report. In some cases it 
will be found that the field relations have led the state geologist 
to different conclusions concerning the nature of the rocks in 
question from those adopted by the writer, who has based his views 
upon the correlation of the microscopic characters of rocks and 
their field relations, as studied by him elsewhere. So, too, some 
difference of opinion has been found in relation to the mineral
ogical constitution of a portion of the specimens. Since we have 
approached these questions from differtmt standpoints, it is not 
in the least surprising that somewhat different views should be 
held by us; and it is a matter for congratulation that such is the 
case, as only through diversity of opinion does advance take 
place in any science or in any subject in this world of ours. 
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It is to be hoped that through furthel' field examination and 
the microscopic study of other specimens, these questions, when 
important, can be settled in one way or another for the final re
port. The writer does not assume, for a single instant, that his 
views are of necessity correct or the only ones to be held; but 
simply that he holds them as the ones which appear to him'to be 
correct with the light which he now has. As the writer has al
ready pointed out * in questions concerning the nature of rocks, 
the field evidence must take precedence over the microscopic, and 
that the former when clear must decide all questions in dispute. 

At the present time there are two schools of petrographers en
gaged in active work upon rocks. 

One school makes the mineral const,ituents of the rocks the 
principal objects of attention, giving the time mainly to ques_ 
tions relating to the crystallographic, optical, and chemical charac
ters of these minerals, and to their mechanical separation and 
isolation. The nomenclature of the rocks is in general based on 
the minerals found in them, and but little attention is given to 
the field relations or alteration. 

The second school, to paraphrase a remark of Sir William E. 
Logan about fossils, "uses the minerals but does not describe 
them." It bases its work largely upon the field relations of the 
rocks and traces. the changes in different portions of the rock 
mass, attributing the resulting altered rock, let it be now schist, 
dioryte, or what not, to the rock from whose alteration it was 
produced, let that be basalt, diabase, andesyte or any other 
form, as the case may be. The minerals are always looked upon 
as snbordinate to the rock and not superior to it, for the miner
alogical composition is considered as changeable and changing. 

In the first school are included nearly all of the German, 
French, and American petrographers, while in the second school 
are the English petrographers, Lossen, Lehmann, Reyer, Ro~h
pletz and some others amongst the Germans, and myself amongst. 
the Americans. 

The first school is an all powerful aid to the mineralogist and 
has advanced to an extraordinary degree our knowledge of" 
minerals, particularly as they occur in rocks; and although the 
writer h3.'> criticised strongly in the past the mineralogi~al 
method, it has been only against those methods as applied to-

* Geology of the Iron and Copper Districts of Lake Superior, 1880, pp. 43, 73,74. 
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rocks as such, and never against the value of the work mineralog
ically. These criticisms were made for the reason that the writer 
believed then, and does so now, that the method of the first 
school, when rigidly applied to rocks, placed unlike ones to
gether and separated those which were alike, i. e., geologically 
but not mineralogically. That is, hand specimens would be 
classed by this school as entirely different species, when in reality 
they were the same rock mass, the variation in structure and 
composition being solely due to alteration. When the mineral
{)gicalmethod was applied to rocks in t,his manner it became a 
hindrance instead of a help to the geologist and led to confusion. 
While I would still criticise the application of this method to 
rocks as such, my criticisms have never been intended to apply 
personally, as many of my warmest friends) to whom I am deeply 
indebted, are workers in flhat school, and most thorough and 
conscientious work have they done. No one can work in petrog
raphy without rendering due credit to the wonderfnl observa
tional and descriptive powers of Zirkel; to the patient, painstak
ing labors and remarkable knowledge of Rosenbusch; and to ex
ceedingly valuable researches of Fouque, Levy, Cohen, Renard, 
Streng, Tschermak, Tornebohm, Thoulet, Wichmann, and nu
merous others who constitute the mineralogical or rather the micro
mineralogical school of petrographers. 

The second school may be properly styled the geological or his
torical school of petrographers; and the difference between the 
two schools is far less marked at the present time than formerly, 
many observers belonging in part to both, and others holding 
intermediate grades of belief. While the mineralogical school 
is still in the ascendancy, the current is now setting strongly 
in favor of the geological school, and many of the strongest 
papers in behalf of that school are now being published by the 
members of the micro-mineralogical one; although the authors, 
themselves, fail to see the far-reaching applic~tion of their work. 
It is indeed probable that in comparatively few years both 
schools will be united by the advance of the micro-mineralogical 
school to the ground occupied by the geological petrographers, 
as the former school is now moving rapidly in that direction. 
In fact the actual relation of the two schools to each other is 
much the same as that which the palreontologist holds to the 
stratigraphical geologist. 
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However great and valuable may be the knowledge of fossils 
which the palreontologist has, that knowledge alone will never 
yield to him the structure and history of the earth's fossiliferons 
strata-the solution of those problems is for the stratigraphical 
geologist, even if he have but a thousandth part of the knowl
edge of fossils as sueh, that the palreontologist possesses. So in 
petrography the most critical and accurate knowledge of miner
als as such, whether in rocks or out, will never enable one to 
read the story of the origin: relations, vicissitudes and natural 
classification of rocks. That is the part of the geological petrog
rapher-even if his knowledge of minerals as such, is of the 
crudest kind in the eyes of the micro-mineralogist. 

Although I had wOJ'ked in an amateurish way for a number of 
years in regions of granites, crystalline schists, sandstones, and 
limestones, my petrographical work propm- did not commence 
until the early portion of 1874. My work was of course af
fected by the writings of Zirkel, Rosenbusch and Tschermak, but 
I was perhaps at, that time most deeply influenced by the theo
r('tical views of Allport, whose work it has always seemed to me 
has never received the credit or attention that its merit de
serves. My work then consisted in studying the field relations 
of a large and complicated series of dikes of different ages, and 
then unknown composition, in the vicinity of Boston; and the 
microscopic study of the same. 

The results of my studies showed that these rocks were orig
inally augitic and belonged to the basic rocks. These were classed 
as altered forms of doleryte and basalt, nnder the names of 
diabase and melaphyr. The normal constituents of thesp rocks 
were said to be augite, feldspar, and magnetite, while the viridite, 
most of the biotite, part of the hornblende, the prehnite, chalco
dite, and hematite were the products of alteration of the original 
minerals. 

It was further stated that from this same series of rocks there 
could be collected as typical ones, specimens which both macro
scopically and microscopically could be and had been pronounced 
to be basalt, diabase, melaphyr, syenite, aphanyte, dioryte, im
pure limestone, chlorite schist, etc., etc. Yet the study of these 
rocks showed that they were only altered forms of one and the 
same basaltic rock, the different types passing into one another, 
while the coarseness of crystallization was dependent on the size 
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of the dike or boss. So, too, the amount of alteration was found 
to be dependent upon the relative ages of the rocks, although 
the division of rocks into older and younger was r~jecteu.* 

In 1878 the writer also showed that the hornblendic t anu 
micaceous granites of Eastern Massachusetts were the same 
l'ocks, and passed into each other in the same continuous mass. 
Also t,hat porphyritic and non-porphyritic characters belonged 
together in the same dike, and that through alteration the inte
rior of a dike might differ greatly in mineralogical character, 
forming utterly different rocks, if they were named according 
to the prevailing nomenclature. The associated basic rocks were 
all looked upon as altered basalts, and according to their coarse
ness of texture classed as diabases or mela,phyrs. t 

In 1879, after having studied several thousand thin sections of 
modern and ancient eruptive and sedimentary rocks, including 
metamorphic forms, with added field work, the present writer 
concluded, in substance, that a mineralogical classification of 
rocks was an impossibility, and that no natural division sepa
rated the tertiary rocks from the pre-tertiary ones, and that the 
divisions older and younger could not be held. He placed under 
a specific name certain types of rock and classed under each spe
cies every form of that rock, whether it was glassy, coarsely or 
finely crystalline, schistose, metamorphic, fragmental, or other
wise. The rocks of any species were to be followed through 
every alteration, whether chemical or mechanical, and kept 
under that specific name, designating the modifications by va
rietal names, if desirable on account of their importance. 

It was further pointed out that the eruptive rocks through 
alteration were so metamorphosed as to closely simulate the 
characters of sedimentary (met,amorphic) rocks, and to pass 
under the same names. 

Under the term basalt were placed, as alteration forms of it, 
melaphyr, diabase, gabbro, and the majority of the diorytes as 
well as the majority of the euphotides, and all other rocks de
rived from basalt. It was further pointed out that augite and 
hornblende andesytes were one and the same species, the augite 

* Proc. Bost. Soc. Nat. Rist., 1877, XIX 217-237. 
t It IDay be mentioned here that Rosenbusch called my attention later to the fact that the 

blue hornblende which I had described in these granites was the rare variety known as glallco
phane. (See "Iso Descriptive Catalogue of American and Foreign Rocks, 1883, p. 16). 

t Proc. Bast. Soc. Nat. Rist., 1878, XIX. 309-316. 
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ansmg from the recrystallization of the dissolved hornblende 
material in the andesytes; and that the so-called species of pro
pylyte, porphyryte, hornblende-porphyry, black-porphyry, part 
of the felsyte or felsyte-porphyry, and part of the diorytes, etc., 
were simply altered states of andesyte. Further, that the 
felsytes (including quartz-porphyry) were simply altered rhyo. 
lytes. Also that many other old or metamorphic rocks, desig
nated by various names, were simply altered states of rocks 
which were once identical with modern eruptive rocks. 

It was further stated that quart,z and hornblende existed as 
foreign, indigenous, and alteration products in rocks, and that 
all the sulphides, carbonates, hydrous minerals, epidot,e, and 
part of the feldspar, etc., were the products of alteration or infil
tration after the consolidation of the eruptive rock. 

The meaning and intention of that paper was to convey the 
idea that the eruptive rocks proper could be arranged under a 
few species, like basalt, al}(lesyte, trachyte, and rhyolyte, * and 
that the pre-tertiary, or older eruptive rocks, now known by 
different names, like gabbro, melaphyr, granite, felsyte, syenite, 
porphyry, porphyrytes, etc., are rocks which originally were 
once identical with the modern forms, although, owing to greater 
depth at the time of solidification, they may have been more 
coarsely crystalline than their modern representatives. But, 
otherwise than this coarseness of texture, when congenital, their 
present differences from their younger types are due solely to 
alteration or to infiltration; which alterations are molecular or 
chemical, and were brought about through the medium of per
colating waters, hot or otherwise, even if induced by pressure or 
any other geological agent. 

Further, that all sedimentary rocks were derived directly or 
indirectly from the eruptive ones, and although many of the 
metamorphic rocks (schist, gneisses, etc.,) are altered sedimen
tary rocks, yet many of these metamorphic or foliated rocks 
are also the result of direct alteration of non-fragmental erup
tives in situ. These views, as published then -r and enforced or 
republished from time to time since, constitute, so far as the 
writer is aware, the most sweeping and widespread generaliza
tions, extended to all rocks, that have been published by any 

* To which the author has since added siderolyte, pallasyte, peridotyte, and jaspilyte. 
t On the Classification of Rocks; Bull. Mus. Comp. Zool, 1879, V. 275-287. 
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member of the geological school of petographers. Aud although 
at the time of the publication of those views the writer stood 
alone amongst American petographical workers, there has been 
since 1882 a series of papees published by Becker, Hague, Id
dings, Irving, Van Hise, and Williams, which, are mainly 
of a local character, and for the most part cover a somewhat lim
it.ed range of rocks. Yet within that range these papers sustai n in 
a remarkable degree not only the present writer's above gi ven gen
eralizations but also many other of his prior-published con
clusions- which confirmation, judging' from the papers, the writ
ers themselves are unaware of, possibly not seeing the natural 
conclusions following from their own work, as they endeavor to 
keep well wit,hin the limits of the micro-mineralogical school. 

The European geological petrographers hold priority in the 
publication of their views, yet none appear to have taken so ex
tended a generalization as myself, as they have been working on 
less diversified roek material; however, after personal diseussion 
of our various views and methods of work with Bonney, Judd, 
Teall, Rutley, and Cole in England, and Lossen, Lehmann, Reyer 
and Rot,hpletz in Germany and Austria, it became evident that 
we were all working on the same lines and to the same end, 
,even if -our j~H·tvjp terminology differed in certain respects. 
For instance the same general ehanges that Lehmann was able 
to show me, had been observed by me in almost every instance, 
in American rocks, and made part of the basis of my pub
lished conclusions. But those changes were referred by myself 
to the action of percolating waters acting, of course, nnder the 
influence of earth movements or any other force that might af
fect them, while they are attribut,ed by Lehmann almost ent,irely 
to pressure. 

The same g~neral parallelism of occurrenees was also found 
to exist between the European altered rocks shown by Lossen, 
Bonney, Judd, Teall, Rutley, and others and American altered 
forms observed and studied by the writer. 

-It certainly seems to the writer that the tracing out of the re
lations of rocks to one another and following them into their 
metamorphic conditions is the work of the petographer that is 
of the greatest value to the geologist and one that is very rapidly 
coming to the front. 

One peculiarity of jthe writer's work has been to place the 
2 
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altered rock under the species of which it was an altered repre
sentative, for instance, a dioryte if it could be shown to be 
from a basaltic rock, had its name written as follows: 

Basalt, dioryte. 
If it was found to be from an andesyte then the name was: 
Andesyte, dioryte. 
This indicated that the rock was now in the condition in 

which it would be called by lithologists generally a dioryte, but 
that it was a dioryte formed from the alteration of a rock whirh 
once possessed the characters of a basalt or of an andesyte, as th e 
case might be. So, too, if a hornblende schist was formed from 
the further alteration of a diabsse, itself an altered form of ba
salt, the name was written basalt, diabase, hornblende schist, the 
last uame indicating its present condition, the others indicating 
its former states. This mode of labeling has even been carried 
out in the case of quartz, which has been found to replace a 
melaphyr, leaving the forms of the feldspar intact. This was 
designated as follows: 

Basalt, rneZaphyr, quartz. 
Such a method has been criticised with the statement that aU 

it was desired to know was that the rock at the present time was 
quartz. Surely if it is of any value to call quartz which has re
placed a coral or a gasteropod shell by the name of the replaced 
fossil it is of value to know not only that the above rock is now quartz: 
but also that it has replaced a former rock belonging to the mela
phyre variety of basalt; and it is an advantage to tell the story in 
three words, as is done above. Of course the term quartz would 
alone be used in speaking of such a specimen except when placed 
in a systematic arrangement. So, too, the term hornblende schistr 
dioryte, diabase, felsyte or porphyryte, would alone be used in 
speaking or writing' of such rocks unless one was labeling them or 
arranging them in a systematic manner. 

I have never used, or proposed to use, as my critics have stat
ed, the nomenclature, b(tsalt·gabbro-dioryte, or bas(tlt-1neZaphyr r 

although I have stated such a system conld be made, if de-
. sired, out of the one proposed by me. * But even if I had, it 
wonld not be any more cumbersome than the gabbro-dioryte, hy
persthene-augite-andesyte or biotite-1nuscovite-hornbZende-granUe of 
the same objectors. 

* Lithological Studies, 1884, pp. 57-59. 
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In 1879-80 the writer spent mnch time in the study of the 
copper and iron districts on the south shore· of lake Superior, 
thus gaining a personal knowledge of a region and rocks similar 
to those which have been placed in his hands by the Minnesota 
geological survey. 

In that work the basic eruptive rocks were found to be much 
altered in places, the augite being largely replaced by horn
blende either entirely, or else cores of the augite were left in the 
centre. This was the case both with green and brown hornblende, 
while orthoclase, quartz, biotite, chlorite, titanite, actinolite, 
viridite, epidote, etc., were found as alteration products in these 
old basalts; which in many cases had altered to such an ex
treme degree, that they were both macroscopically and micro
scopically rocks which all lithologists would pronounce to be 
in their present condition dioryte, quartz dioryte, diabase, 
melaphyr, chlorite schist, hornblende schist, artinolite schist, 
and even mica schist, yet the writer held,aud in many cases 
proved, that they were simply various alteration stages of rocks 
which were ouce identical with modern basalts, excepting that 
in some cases they may have had originally a coarser crystalli
zation, owing to a longer time occupied in solidification. * 

The general bearing of the writer's conclusions referred to in 
the previous pages can perhaps be best understood by pointing 
out the different results arrived at by the mineralogical school 
and by the present writer concerning the classification and 
relations of some European rocks. In order to avoid any mis
understanding it is to be distinctly understood that the writer 
neither offers nor intends any criticism on the correctness of the 
determination of the rocks according to the methods of the min
eralogical school, but simply desires to point out wherein the 
principles of classification followed by him would place the 
specimens in question. It is simply a question of correctness of 
principles, and not a question of the correctness with which those 
principles have been applied. There is no concern here wit,h 
the determination of the mineral constituents or whether or not 
they occur in the rocks so as to give the mineralogical composition 
of rocks called dioryte, porphyryte, noryte, or what not, but the 
concern is to point out the rock from which the so-called dio
ryte, protobas, etc., has been produced by its alteration. The 

* Geology of the Iron and Copper Districts, 1,80, pp. 36-49, 70. 
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orthography of many of the localities given below is doubtful as 
the labels from which they were taken were not always remark
able for their perspicuity, and I have not now at hand the means. 
of checking the errors. 
Keratophyr. 

The chiEf portion of the sections seen of this rock appear to be 
basalts altered to diabase; but a few of the Fuess slides. have 
the structure of an altered acidic rock, felsyte, in which the 
quartz is secondary. All t,he specimens seen of keratophyr are 
in a highly altered condition. 

PaZroopiorytes. 

Many of these are altered basaltic rocks of the gabbro type, 
but one from Marlesreuth appears to be an ordinary basalt. 

Tephryte. 

The tephrytes from Mittelgebirge, Bohemia, Ganseberg, by 
Garditz, Aussig, Sponeck, Nennlinden, Zewler, Sebnsein, and 
Kostenblatt appear to belong to the andesytes, as also do many 
others from Bohemia. 

Teschenytes. 

In general the teschenyteF5 belong to the coarse-grained basalts, 
that is to the gabbro or diabase type, i. e .. , Boguschowitz, but some 
like those from Marklowitz, Sohla, and Craig Park are appar
ently altered andesytes. 

Ophyte. 

The rocks classed under this term are quite variable, but all 
seen by me belong to the basalts, and are now altered and prop
erly fall under the varieties known as gabbro, diabase, melaphyr 
and dioryte. 

Gabbro. 

While in the majority of cases the writer would be in accord 
with the mineralogists in their classificat,ion of gabbros, yet 
those forms seen from Mt. Ferrato and Bombiana, Italy; Trodhu, 
Skye; and Inneres, Mull; he looks upon as audesytes bearing 
diallage. 

Proterobas. 

The great majority of rocks called by that name, like those 
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from Stiebitz and Riibeland, are diabases, but a few come under 
the name melaphyr, whlle some are altered andesytes. 

Kersantyte. 

'rhese rocks appear to belong for the most part to diabase but 
some to gabbro. 

Diabase. 

The great majority of rocks cOlllmolllly classed as diabase the 
writer would also place under that name as an altered form of 
basalt, but some he would prefer to consider as melaphyrs, as 
for instance those from Mallock, Darmstadt, Steinaer ThaI, 
Konigsberg, and elsewhere. Some of the Darmstadt rocks are 
diabase however. A few of the so-called diabases are here re
garded as altered andesytes e. g. that from St. Davids. 

Melaphyr. 
The chief portion of rocks known by that name I should class 

nnder that head, as a form of altered basalt, but some are proba
bly altered andesytes like those from Cresta da Pell, Bubaure, 
Wildenfels, Neustadt, Kreuznach, and Wisendorf: The so-called 
melaphyr from Schneidemullerskopf is nnquestionably an an
desyte. * 
Dioryte. 

Nearly all diorytes seen are altered basaltic rocks, being sim
ply further degrees of alteration in the diabase and melaphyr 
types. Some, however, like that from Dustenbrook, are altered 
gabbros; while that from J.Jac d' Ayatt is probably au altered an
desyte. The same may be said of the mica diorytes, augite dio
rites and qnartz-hornblende-diorytes, althongh rocks of an acidic 
character, and belonging to the hornblendic granites, have been 
sometimes class6d nnder the quartz diorytes. 

Basalt. 
In the great majority of cases the writer would use the name 

basalt for the rocks which are nsually so called by the mineral
ogists; bnt rejecting the divisions of older and younger, and 
arranging the varieties purely on the question of alteration and 
crystalline structure, he would prefer, if the variety names are to 

* Decriptive Catalogue of American and Foreign Rocks, Boston, 1883, p. 14. 
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be used, to class as melaphyrs the rocks which he has seen from St. 
Helena and Palma, and as diabase that from the island of Skye. 

A1tgite Andesyte. 

As a division of andesyte, if this term is to be used, the writer 
would agree in regard to the rocks generally classed under that 
head; but some, like those from Rudigheim, are somewhat 
altered basalts, which might be called melaphyrs. The so
called augite andesyte from Puy de Louchaden is also a basalt, 
but little if any changed. The same may be said of the so-called 
augite andesytes from St. Elie, Horny-Turock, and Stoppel berg. 

Hornblende Andesyte. 

If the term hornblende andesyte is to be used to designate a 
division of the andesytes, so far as I have studied these rocks, 
there would be essential concord between myself and other 
lithologists. 

Propylyte. 

As claimed by the writer in 1879, this rock is an andesyte in 
which the ground mass and its porphyritically inclosed crystals 
are more or less altered, and in this view there is now essential 
agreement between myself and the majority of lithologists. 

Hornblende Dacyte. 

These rocks appear to be andesytes in which the groundmass 
and porphyritic crystals have been more or less altered, yet un
der the term dacybe are included many more or less altered 
trachytes and rhyolytes, as well as some unchanged forms. 

Timacyte. 

This is an altered andesyte of the hornblende andesyte variety, 
with the base altered. 

Hornblende Porphyl'yte. 

The majority of the rocks designated by this term belong to 
altered forms of andesyte, like those from Pic du Midi, Lugano, 
Angolo, St,. Sigmund, Potschapel, Ilmenan, Thallichtenberg, 
Waldb6ckelheim, St. Margen, Pfremthal, and Longemer. Some, 
however, appear to be altered basalts, coming under the head of 
melaphyr, e. g., Steensfjord and Biella. 
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Diaba8e POIphyryte. 

Some of these rocks are probably altered andesytes like those 
from Kohlschlag, Viezenna, Teufelstein b. Hof, Elbingerode, 
Kaisersbachthal, Tunnel b. Oberstein and Heringhausen. The 
ma;jority, however, properly belong under the basalts, some being 
comparatively little changed, like the rock from Wolistein b. 
Oberstein, while others are so altered that they are best classed 
under the head of melaphyr, e. g., Modua, Grenholmen, Holmes
trand, Russberg, Ruskbey, Torno, Naretta, Mauchasher Grund, 
Schshelden, Dillenburg and IdaI' in Oberstein. A few are of 
the more coarsely crystalline type of altered basalts, eoming un
der the head of diabase, e. g., Le Piera, Tyveholmen and Avan
son. 

Angite Porphyryte, or Augite Porphyry. 

Of these, most are altered andesytes, e. g., Schaumberg, Klau
sen, Marathonisi, Bolan, Pfullschberg, Predazzo and Plauen. 
Part, however, belong to the basaltic rocks, e. g., some from 
Schaumberg, Ilmenau, Tnnnel by Kern and Baldumstein. 

En8tatite POIphyryte. 
That the enstatite porphyrytes of the Cheviot Hills are an

desytes has been strongly advocated by Mr. J. J. H. Teall, and 
that he is correct I feel sure from an examination of several series 
of these rocks and their sections, and their comparison with several 
hundred of the recent Cordilleras andesytes. In fact many of 
the Cheviot rocks are less altered than many of the recent Cor
dilleras ones. They belong mostly to the group of augite (ens
tatite) andesytes. Some of the Cheviot andesytes are much al
tered and now have the characters of that type of altered an· 
desyte known as porphyryte. 

The enstatite porphyrytes from Klausen appear for the most 
part to be altered andesytes, while that from Walschberg an del' 
Hohe is also an andesyte. 

Mica-Porphyryte. 
The mica porphyrytes from Sadgardsa, Rocoaro, Ilfeld, Kreuz

nach, Ilmenau and Waldbokelheim are altered andesytes. 

Feld8par-Porphyryte. 
The rock from Kuhlberg is probably an andesyte. 
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Quaftz Dioryte- Porphyl'!/te. 

The rock known by this name from Passer river is an altered 
andesyte. 

Phonol:lfte. 

This group of rocks is a diffieult one, and in many cases the 
alteration has gone so far that the original nature can not be told. 
That from Al:1rve, Portugal, appears to have been formed from 
the alteration of a glassy rock of the andesyte type. The forms 
from Rochfort, Mont Dore, Pny de Dome, Toller Graber b. Wess
IeI', Lischmit,z, Krenzberg, Bubenbad, Selberg, Roche Sana
doire, Grosspriesen, Tichlowitz, Aussig, Oderwitz, Heldbnrg, 
Calvarunberg, Horberg, Kapellenberg, Hohentwiel, Oberschaff
hausen, Gonnersbohl, Eichberg, Teplitz and Hessenthall, are 
probably altered andesytes originally of a compact or glassy 
nature. 

Ot,hel' forms from Mont Dore are undoubtedly basaltic rocks, 
while specimens from Aschaffenburg, Teufelstein b. Rhon, 
Stein wand, Pferdekopf, Stein b. Pappenhausen~ J\filseberg and 
Hohenkrahen are believed to be altered compact or glassy tra
chytes. The forms from Schull berg, Milleschau and Selters are 
apparently from altered compact or glassy andesytes or trachytes 
but is is doubtful which. One from Stell berg is an altered glassy 
rock but to what species it originally belonged the writer has no 
idea. 

Nephelinporphyr. 

The forms from Fassathal, Mt. Mullato, and Viezenna are pos
sibly altered andesytes. 

Diaba8e Pitch8tone. 

The forms from Wolfstein and Weisselberg belong to the an
desytes. 

Dioryte Pitch8tone. 

These rocks appear to belong to the rhyolytes although thev 
may possibly belong to the altered glassy forms of al1desyte 0"1' 
trachyte. 

Trachyte. 

The form from S. Bror1'osch is like the al1desytes of Lassen's 
Peak, while those from the "Ausbruch de Epomeo im Jahr 
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1302," Ischia, and from the Plateau de Durbize I consider to 
be basalts. To the older and altered forms of trachyte belong 
very many of our porphyritic, gneissoid and friable gray granites, 
but others like the hornblendic and micaceous granites of Quincy 
and Rockport would appear to belong to the old altered and 
coarsely. crystalline rhyolytes. 

A 7tgite Trachyte. 

Many of t,hese rocks are here considered to be trachytes but 
others like that from the" Arso Strom," Ischia, Perlenhardt, 
Brokasch and Alschberg are probably andesytes. Those from 
Pantellaria and Valle de la Cours are probably basalts but may 
be andesytes. 

Hornblende Trachyte. 
These rocks are chiefly trachytes, but some, as that from Rhon

dorfer ThaI, belong to the andesytes or basalts. 

Mica Trachyte. 
The mica trachytes seen apparently belong to the andesytes. 

Trachyte Pitchstone. 
The forms from Leva, Mt. Sieve and Tokaj belong, appar

ently, to the glassy andesytes. 

Minette. 
The specimens of this rock are in the majority of cases proba

bly altered forms of andesyte. 

Felsyte Pitchstone. 
The forms from Grantola, Frejus, Burystall, Chemnitz, Mei

sen, Spechtshausen and Planitz, belong to the rhyolytes, part 
coming under the variety obsidian. 

Q7tartz Porphyry. 
The rocks classed under this term belong, as a rule, to the rhy

olytes, of which they are altered forms. 

Amongst other forms augite porphyry belongs in part to the 
basalts and part to the andesytes; schalestein to the poroditic 
variety of basalt; and augitite, pyroxenite and limburgite to the 
basalts. Amphibolite appears to be an altered basaltic rock, al-

3 

• 
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though many of its forms are probably sedimentary. Labrador 
porphyry is an altered basalt coming generally under the head 
of diabase or melaphyr. ]felsyte porphyry belongs in part uuder 
the altered trachytes aud part under the altered rhyolytes. The 
nephelite and leucite rocks belong variously under the basalts, 
andesytes, and the more acidic rocks. 

A f,1r more extended series of names might be given but the 
above is sufficient to indicate the difference between the miner
alogical method and the geological one. The one assigning the 
altered rocks to their particular position from the minerals that 
they at present contain, while the other endeavors to reconstruct 
the past history of the rock from its field relations or from the 
remains of its original composition or structure that may be left 
determinable in its altered condition. 

I desire to extend my warmest thanks for aid and assistance 
given, as well as the opportunities offered for the examination of 
collections afforded me, to Messrs. Bertrand, Bonney, Brezina, 
Bucking, Cohen, Cole, Hermann Credner, Daubree, Davies, Des 
Cloizeaux, Doelter, Flptcher, Foullon, Fritseh, Gumbel, Groth, 
Haushofer, Rirschwald, Russak, Janneptaz, John, Judd, Kayser, 
Lasaulx, Lehmann, Lossen, Mallard, Meunier, Mohl, Osann, 
Renard, Rosenbusch, Justus Roth, Rothpletz, Rutley, Sauer, 
Tschermak, and many others. I especially wish to return 
thanks to Professor Rosenbusch, as no one who has ever studied 
with him can ever forget his patient, untiring, kindly assist
ance that he gives his pupils; as well as his devotion to their 
interests which leads him to place his time almost entirely at 
their free disposal. 

It having been stated a number of times in the writings of 
others that my classification of rocks was based on their chemi
cal composition, it is proper here to remark that such state
ments are ent,irely incorrect and have no foundation in fact. I 
have further distinctly stated in my "Lithological Studies" (p. 
52) and elsewhere, that chemical analysis alone, as a general 
rule, is insufficient to furnish data for naming a rock; and I do 
not think a single instance can be found in my writings in which 
[ have named any rock from its chemical composition alone. 

As remarked before, my classification has been based upon 
the study in the field and cabinet, of rocks of every character and 
grade, by tracing out their relations, by comparing different 

• 
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forms and by following them through their different degrees 
of alteration. Also by establishing the characters of the type or 
specific forms, when in their original or unaltered state, and trac
ing the gradual change and obliteration of these characters as 
the rock is more altered or metamorphosed. 

The classification and arrangement were based on the field, ma
croscopic and microscopic characters of the rocks themselves, 
and not upon their chemical composition, as that composition 
has been known only in comparatively few of the rocks 
which I have studied and classified. 

For example the diabases, melaphyrs, and diorytes were COll

sidered to be altered basalts, because there could be found in 
them in a more or less perfect state the characters of basalt as 
it is known in its purest unaltered type, while diorytes, in 
which even all the original basaltic characters had been obliter
ated by alteration, could also be provisionally referred to an 
altered type of basalt, owing to their having the general charac
ters of other diorytes which could be proved to be altered basalts. 
Also the porphyrytes and propylytes were considered to be al
tered forms of andesyte, because they retained the partially ob
literated characters of the unaltered andesytes. The same can 
be said of the relations of the felsytes and quartz porphyry to 
rhyolyte, or of serpentine to the peridotytes, etc., etc. 

Now during the process of tracing the grades of alteration from 
the typical unaltered forms through their more highly altered, 
metamorphic, schistose, and fragmental conditions, it was found 
that unless some special accident had occurred like the remov ~l 
Df material or the importation of foreign matter, the chemical 
composition remained in the altered or fragmental states, within 
certain limits similar to the composition of the original rock. 
This fact, so far as it had then been confirmed was pointed out in 
1879, and further it was shown in the lists of chemical analysis 
published in the "Lithological Studies," that this view was' cor
rect for the siderolytes, paUasytes, and peridotytes. So far as my 
researches have gone, it has practically been found that this 
view is correct for all rocks. Yet should the future show (as 
some of the later analyses of the Minnesota rocks appear to do) 
that this generalization concerning the chemical relations of 
rocks was incorrect, it would not affect or alter my classification 
in the slightest degree. The only cases in which I make any use 
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oUhe chemical composition are, first: in the effort to correlate all 
the characters of the rocks into a systematic and tmiform whole; 
second: when the field relations, macroseopic, and microscopic, 
characters, combined or singly, leave the position of the rock 
doubtful, then the chemical composition is used to lend what
ever aid it may, to the conclusions derived from the study of 
the other characters; third: in the case of certain rocks which 
have been so completely altered that the characters that they 
originally possessed have been entirely obliterated, then the 
chemical composition is used for what it is worth to indicate 
the probable original constitution of the rock from which the 
altered form was derived. 

Yet I am perfectly well aware of the immense value of com
plete (Bausch) analyses of rocks if my generalization can be 
proved to be correct; and I desire and intend to continue the 
correlation of chemical composition of rocks with all their other 
characters as rapidly as the strength left, after attending to the 
"brot und b1titer" question, permits. 

So far as I can prove that the chemical composition can be 
nsed in classification I may use it, but eveu then it would have 
to he subordinate to the other characters . 

.l\iany petographers consider that when the term altered is used 
concerning a rock it means it contains hydrated minerals, or is. 
weathered, or in some way has lost its freshness. This is a view 
which should be corrected, as many of the altered rocks contain 
not a single hydrated mineral, and a large part of those forms 
which have been so changed that not a single one of the original 
minerals remains in them, are amongst the freshest rocks on the 
globe. How much hydration is to be expected when the origi
nal materials are altered to, or replaced by such minerals as 
quartz, feldspar, hornbleude, or anhydrous micas ~ Yet these are 
the most common alterations when the change is complete, and 
the resulting rock is entirely fresh and anhydrous. The same 
freshness and want of hydration is also seen in numerous rocks, 
like the St. Paul peridotyte, in eulysyte, felsyte, quartz porphyry 
granite, syenyte, dioryte and many others; while in other cases 
every gradation can be seen between the perfectly fresh and an
hydrous rocks and those which are weathered, or which are 
hydrous. 

In view of the previous statement it will be no cause of sur-
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prise to anyone that in my studies upon the Minnesota rocks, I 
have worked in the same manner as in the past - giving my at 
tention chiefly to tracing out the alterations and relations of the 
rocks and their mineral constituents, rather than devoting my 
time to the usual discussion of the crystallographic, optical, and 
chemical characters of the contained minerals themselves. 

THE PERIDOTYTES. 

ClaSsification. 

The term peJ'idotyte is employed by Professor H. Rosenbnsch 
to designate all the pre-tertiary terrestrial rocks which are com
posed essentially of olivine or its chief alteration product serpen
tine with or without enstatite, diallage, augite, magnetite, 
ebromite, picotite, etc., * i. e., to the older massive rocks free 
from feldspar. .. 

The present writer later extended this term to include all ter
restrial and meteoric rocks of similar composition and structure 
and to all derivatives of the same without regard to their age or 
state of alteration. -r 

The peridotytes are divided into a number of varieties accord
ing to their mineralogical composition, state of alteration, frag
mental condition, etc. These varieties are sometimes determin- . 
able macroscopically and at others only microscopically, since 
the change in mineral composition oftentimes produces no equiv
alent change in external characters. 

The classification of the varieties of peridotyte as proposed by 
the writer is as follows: 

The peri<lotytes composed essentially of olivine are called 
.dunyte; while those containing enstatite in addition to thE' olivine 
are designated as saxonyte. The term lherzolyte is applied to the 
forms composed of olivine, enstatite, and diallage, and bnchneryte 
to the rocks whose essential constituents are olivine, enstatite and 
augite. For the variety qomposed of olivine and diallage the 
term eulysyte or wherlyte is employed. I have used the t,erm 
eulysite in deference to the law of priority, as that name was 
given to the first described rock belonging to this variety al-

* Mikroskopische Physiographie, 1877, II, 524-545. 
t The Iron and Copper Districts of Lake Superior, 1880, p.65. Science, 1883, I, 127-130 

Lithological Studies, 1884. pp. 84-194. 
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though it is far from being a typical one. The original wherlyte 
also is not a characteristic form of this variety, although more 
nearly so than the original eulysyte, but the term wherlyte used 
in rock nomenclature is later than eulysite. Wherlyte also 
comes in conflict with the well-known mineral wherlite which 
has an orthodox standing' in mineralogy, and it seems to me ex
ceedingly objectionable to incorporate into the forming science 
of petrography the names of rocks which are identical with those 
of minerals. However, if lithologists as a rule prefer the name 
of wherlyte, sanctioned as it is by the great authority of Rosen
busch, I am willing to conform to their usage. For the perido
tytes composed of olivine and augite the term picryte is used. 

The most common form of alteration of the peridotytes is to 
serpentine, but they are sometimes changed to talc or actinolite 
schists, and these names are used for the alteration varieties of 
peJ'idotyte, so far as they properly belong under these designa
tions. For the fragmental forms the terms t1~fa and porodyte are 
employed according as the fragmental rocks belong to the newer 
or older forms, i. e., the unaltered or a1tered state. 

The classification of the peridotytes can then be tabulated as· 
follows: 

Peridotyte. 

l\IINERALOGICAL V ARIETJES. ALTERATION VARIETIES. FRAGMENTAL VARIETIES. 

Dunyte. 

Saxonyte. 

Lherzolyte. 
Serpen ti ne. 

Tufa. 
Talc Schist. 

Porodyte. Buchneryte. 
Actinolite Schist. 

Eulysyte or Wherlyte. 

Picryte. 

Macroscopic Oharacters. 

The macroscopic characters of the terrestrial peridotytes are 
in general as follows, commencing with the dunyte variety: 

They are of a grayish·green or green color, crystalline granular 
in structure, and usually contain more or less dark grains of 
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picotite or some iron ore disseminated thronghout the mass. 
The first indication of change shows in the coloration, which 
passes from a green to a yellowish-green, yellowish, and to a 
yellowish 0)' rusty brown. The rocks are more or less vitreous 
or greasy in lustre. With increasing alteration, a reddish-brown 
to grayish-brown color predominates; and this finally passes into 
a dark greenish-black to black compact ro~k, somewhat resem
bling the basalts, but of a, duller color, of a more resinous lustre, 
and more compact, as well as of a higher specific gravity and 
less hardness. The crystalline gmnular gronndmass of olivine or 
serpentine mayor may not porphyrctically inclose crystals and 
grains of enstatite, diallage, and augite. These minerals usually 
appear as greenish, grayish, or oronze-like crystals and grains 
scattered in the rock. They commonly weather to bronze-like, 
more or Jess cleavable and platy forms; and even on the fresh 
fracture of some specimens show in certain lights as an irregular 
network, brightly reflecting the light, and holding in its meshes 
the dark greenish altered olivine. The olivine groundmass when 
altered presents under the lens the appearance of yellowish 
or grayish granules cut and surrounded by a fine reticu
lated network of a darker material (serpentine); but when 
the change has progressed further, the groundmass becomes 
compact and apparently homogeneous. As the more highly 
altered states are reached, the variations in the macroscopic 
appearance become exceedingly nnmerous; so much so, that 
only a few Of them can be mentioned here. The color generally 
is some sl;tade of green, varying from a dark green or greenish 
black to a yellowish green. Sometimes it is reddish (brownish 
or cherry-red), owing to the state of its ferrnginous contents. 

Further, in the process of alteration there often results a fissile or 
schistose structure, giving rise to a pseudo-lamination. In part 
this seems to be owing to the segregation of chrysotile, serpentine, 
iiron ores, dolomite, etc., in approximatelyparallellines; and in this 
case the fissility is often only apparent and not real. Sometimes 
the schistosity seems to be due to pressure during the time of al
teration. Occasionally the rock has a brecciated or conglomer
ate structure, owing to the vein serpentine or dolomite surround
ing less altered portions of the rock. With the formation of talc 
or actinolite in these altered peridotytes, the transition to a true 
schist is evinced by varions gradations, until a true talc-schist .. 
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or actinolite-schist results. These schists are greenish in their 
normal condition, but often through decomposition of the iron, 
become stained and present a rusty brown and gray aspect" close
ly simulating many mica schists. Owing to the production of 
dolomite, there result, in part at least, ophicalcytes and dolo
mitic limestones-the purity depending on the amount of altera
tion, and on the matl'\rials both carried into and removed from 
the rock during the process of alteration. These dolomitic lime
stones are usually gray, gTeen, or yellow, but sometimes of quite 
a clear grayish-white color, and crystalline in structure. Of 
necessity, from the mode of origin of the peridot,ytes and their ex
posure to detrital agencies, various detrital or poroditi.c forms 

" must result. Undoubtedly, when they are reconsolidated, it is 
exceedingly difficult to distinguish these true breccias, conglom
erates, and sandstones from the pseudo-fragmental forms of sim
ilar structure that are produced in this rock species, as in every 
other, by the filling of fissures, or by the dissolving of portions 
of the rock and their replacement by other material, while in
terstitial portions of the rock remain in situ. '1'he poroditic forms 
of the peridotytes, so far as now known, are all of a serpentinous 
character, having been greatly altered; but it is suspected, and 
in many cases claimed, that other forms are of like detrital ori
gin; however, conclusive proof of this is still wanting. 

The pyroxene minerals, when occurring, vary in amount of al
teration from the porphyritically sprinkled bronze - or copper
like crystals to silvery-white, and to grayish and greenish forms, 
which in turn pass into patches of serpentine of a deeper green 
color and more compact texture than the groundillass, but 
which finally become completely blended with, and entirely lost 
in, the serpentine groundmass. Oftentimes the pyroxene min
erals are replaced by greenish to whitish talcose material and 
talc scales. In the process of alteration, segregations of serpen
tine, dolomite, magnetite, chromite, etc., occur, giving rise to 
veins of serpentine (chrysotile) and to veins and nodular masses 
of dolomi.te and iron ores, lying in or traversing the serpentine 
groundmass. However dark the altered peridotytes may be in 
color, the thin splinters, as a rule, are translucent and transmit 
a greenish or yellowish light. The more or less serpentinized 
peridotytes are traversed by fissures, which are most abundant 
in those entirely changed to serpentine. The sides of these fis-
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'Slues usually are polished or coated with serpentine, talc, etc. 
etc., forming" slickensides," which, it is conceived, may bave 
some connection with the chemical alteration of the rock itself. 
Amongst the various forms produced by the extreme cbanges 
are a yellowish, more or less gummy-looking substance, and a 
grayish, yellowisb, to chrome-green translucent serpentine. 
While t,hese are oftentimes produced from the alteration of the 
rock in situ, they also appear to be formed by migrated seI'pen
tinous material, and in such cases to belong' to the vein stones. 
These secondary massive products contain more or less iron ore 
in the form of chromite or magnetite. It is to these nearly pure 
serpentines, wbich result from the complete change or migration 
of the material, that the term serpentine, as it is used in works on 
mineralogy, properly applies. But from the general and nllcro
scopic characters of the material known as serpentine inlitbology, 
it would appear tbat under that name is placed a mineral of vari
able composition, forming a series like feldspar or pyroxene, or 
else several distinct minerals are now so placed. 

Microscopic Oharacters. 

In glVll1g the microscopic characters of tbe peridotyte it is 
best to commence with the dunyte variety as before. 

This variety in the thin section in an unaltered condition con
sists of a clear granular mass of fissured olivine grains, which 
are either colorless or slightly tinged yellow or green. Sprinkled 
thrd'ngh the olivine mass are dark to brownish, opaque to trans
lucent grains and crystals of chromite or picotite, and magnetite, 
as well as sometimes a few enstatite plates, either colorless or of 
a greenish hue. In the dunytes a gradual change to serpentine 
begins by the production of this mineral along the fissures of the 
olivine, forming a yellowish or greenish network. This 'cbange 
goes on until all the olivine grains are completely altered and 
only the network structure remains to· tell the mode of alteration; 
while in some cases even the network structure is obliterated 
and no evidence is left to sbow the original character of the 
rock. In the process of the olivine alteration, the serpentine 
first formed along the fissures has a different color and structure 
from that later produced by the alteration of the interior por
tion of the olivine grains. In this way, by observing successive 
variations in the structure and color of the serpentine, two and 

4 
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and sometimes three stages in the process of alteration are plainly 
to be seen. Thus while the mode of alteration is conspicuous in 
the earlier stages, the final result is to produce a pure, clear, 
homogeneous serpentine, of a uniform yellqwish or greenish tint, 
or even colorless; in which no trace remains of the original 
structure to tell its derivation. These changes have been 
proven by following out the various successive steps in the 
process of alteration, in different portions of the same rock 
mass. 

By the gradual addition of enstatite and other minerals, as well 
as by t.heir subsequent disappearance, one passes over the various 
mineralogical varietal forms of peridotyte. The enstatite appears 
as a clear colorless mineral, or else as one slightly tinged with 
green. Sometimes it occupies a subordinate portion of the rock, 
then again it forms the chief portion, holding the olivine inclosed 
in aud subordinate to it. The enstatite is sometimes feebly ple
ochroic, and shows a well marked longitudinal cleavage; the de
velopment of which, instead of forming a smooth fracture, usually 
occasions the tearing of a rough line, with stringy fibres extend
ing from one side to the other. Besides the longitudinal cleavage, 
a cross fracture, at right angles to the principal cleavage, is often 
present. 

The diallage possesses characters similar to those of the ensta
tite, and generally is undistinguishable from the latter except 
optically, but sometimes it shows two cleavages approaching 
those of augite, breaking the surface into rough irregular 
rhombs, which serve to distinguish the diallage in question 
from enstatite. Again the diallage not only exhibits the longi
tudinal cleavage, but also the well-marked prismatic cleavage of 
augite. 

The augite is pale-yenow or brown, shows its characteristic 
prismatic cleavage and is sometimes feebly pleochroic. It occurs 
in grains aud crystals, and sometimes incloses olivine grains. 

The pyroxene minerals as a rule are less liable to alteration 
than olivine and frequently are determinable after the olivine 
has been entirely changed. The alteration of the enstatite 
usually begins to be conspicuous by the formation of a greenish 
product on its edges and along the cleavage planes. As the 
alteration progresses the pyroxene minerals are transformed into 
a yellowish or grayish serpentinous mass, which may show aggre-
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gate polarization, or may retain that of the mineral which it 
replaces. 

In the course of the conversion of the peridotytes into serpen
tine the original chaJ:acters of the rock are gradually obliterated 
giving rise to a texture in the serpentiue by whieh its origin ean 
be determined. 

But it is found on further ehange that patehes appear in the 
serpentine which show no trace of the mode of formation of the 
serpentine, and that these patehes spread until they gradually 
occupy the entire roek mass, yielding specimens whose miero
scopic structure gives no clue to their origin. In these extreme 
alterations a more or less schistose structure is oftentimes pro
duced in the rock, and from this the writer conceives has arisen 
the view that serpentine rocks are derived from schists as well as 
from massive rocks. The absence of the reticulated or mesh 
structure in the serpentine, and the supposed want of chromite 
and picotite appear to be entirely due to the great alteration 
whieh produces a structure in the rock almost, if not quite, 
identical with that of the serpentine veinstones. The only ap
parent difference between the mode of formation of those serpen
tines that are homogeneous and the serpentine veinstones, ap
pears to be that in one the molecular or chemical changes have 
taken place in the body of the rock. while in'the other a trans
ference to a new locality has been superadded. 

A further step in the alteration of the peridotytes, as seen un
der the microscope, is the formation of more or less impure dolo
mitic rocks usually with included serpentine. In other cases 
the peridotic minerals are replaced by talc or actinolite giving 
rise to talc or actinolite schists. 

Besides the above products of alteration there may be men
tioned amongst the other secondary or alteration products horn
blende, smaragdite, quartz, zircon, spinel, garnet, feldspar, 
chlorite, biotite, and various other micaceous minerals and car· 
bonates. 

An interesting group of minerals oceurring in the peridotytes 
is that designated by Fouque and Levy as the spinellids * to in
clude spinel proper, pleonaste, picotite, chromite, and magnetite. 
This term it would be well to extend to all the octahedral com
pounds of a protoxide and sesquioxide thus including magnesio
ferrite, hercynite, gahnite, franklinite, etc. 
-.-. lI1ineralogie Micrographie, 1879, pp. 409-420. 
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Of these the characters and relations of the picotite, chromite, 
and magnetite are of the most importance in the case of the 
peridotytes. 

Under the microscope, picotite in its freshest state is a. yellow· 
ish - or greenish - brown, clear mineral, which is subj ect to alter· 
ations causing the color to deepen to a darker brown or muddy 
coffee color and even to a black and opaque mass. The changed 
forms vary from a dull earthy mass to a crystalline·granular one 
which frequently contains more or less magnetite. Commonly 
the more altered the rock is to serpentine the less likely is one 
to find any of the translucent grains while the magnetite is the 
more abundant. 

Chromite also in the thin section or in powder varies in color 
froIp a yellowish brown to a greenish brown and to deeper 
sha'des of reddish and coffee brown, or to a nearly or quite 
opaque mass. From t,he best evidence we have at present it is 
probable that picotite and chromite are different states of the 
same mineral, the term picotite being more commonly applied 
to the freshest conditions, and that of chromite to the more al
tered states, and to aggregations arising from the migration of 
the chromic oxide during the alteration of the peridotyte. As a 
further extreme in the alteration, a change to a more or less com
plete magnetite occurs, forming an apparent continuous series 
from the translucent picotite to the opaque magnetite. 

Besides the above mentioned occurrence of magnetite this min
eral appears to be formed in the l'eridotytes as follows: 

In the course of the alteration of the olivine to serpentine 
much magnetite as a black dust or in aggregations of grains 
often occurs, particularly along the borders of the fissures, as 
one of the earlier produets of the change; but later the mag
netite is either collected into masses of greater or less size or else 
entirely disappears during the succeeding changes. 

For a fuller discussion of the peridotytes, including serpen
tine, the reader is referred to the writer's Lithological Studies.* 

While the peridotic rocks are far from being nncommon in 
Minnesota and the regions abont Lake Snperior, yet in the Min
nesota sections that have thns far passed through my hands only 
one has been found to belong to this group. Still it has been 
thought best to give the preceding discnssion in order to call 

* Mem. Mus. Compo Zoology, 1884, xl. Part 1. 
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attention to this series of interesting rocks in the hope that more 
especial attention may be given them in the future in the North
west. 

Special Description. 

The only specimen of peridotyte found in the collection dur
ing this preliminary examination is No. 349, from the Pipestone 
Rapids, and belongs to the variety serpentine. 

The hand specimen is a compact dark green rock traversed by 
veins of talc and dolomite, and coated in places by a limonitic 
deposit. 

The section shows a pale grayish and yellowish green ground
mass traversed by a reticulated network of magnetite, and cut 
by a dolomite vein. The magnetite preserves in part the out
lines and fissures of the original olivine grains, while the gronnd
mass itself is composed principally of a pale greenish isotropic* 
serpentine, talc scales, and fibres, and magnetite granules. The 
talc is in single plates and in aggregations of fibres. The gen
eral character of the rock is similar to the serpentines of Michi
gan, New Jersey, and ~Iassachusetts.-r 

The figure of this serpentine given in plate""I, Fig. 1, shows. 
pale yellowish irregular masses of serpentine indicating the posi
tion of some of the olivine grains. These yellowish patches con
tain some iron ores, and are generally surrounded by colorless 
serpentine and irregular bane Is of magnetite granules. Some of 
the larger aggregations of magnetite are shown. 

THE BASALTS. 

General Description. 

The tachylytic forms of basalt occur mostly as bands or frag
ments of rapidly cooled basalt. They generally show on the 
fresh fracture a pitchy to velvet black more or less ILlstrOUs. 
surface. This weathers to a more or less greenish, yellowish, or 
reddish mass on the surface, while with continued change the 
mass of t,he tachylyte alters to an earthy brown color. In the 

'" Lithological Studies, 1884. pp. 79, 128, U9. 
t Ibid, pp, 136--139, 156, 157, 159, 160; Geology of the Iron and Copper Districts of LakE> 

Superior, 1880, pp. 60-66. 
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purest and least altered forms tachylyte does not seem to be 
magnetic, but in the devitrified or altered conditions magnetite 
is more or less abundantly developed. Microscopically tachylyte 
appears to exist in its typical state as a pure yellowish glass with 
a more or less brown tint. In proportion to the passage from 
the pure glass towards the condition of basalt;, t~larker the glass 
becomes and the nearer the tachylyte appr~ the globulitic 
structure of the usual base of the unaltered basaltic rocks. The 
blackening of the glass is seen in connection with the crystalliza· 
tion of microlites in the magma and is in immediate contact with 
them. It further appears after solidification when incipient devi· 
trification takes place, the glass then becoming darker and even 
black. The passage from the tachylytic stage to the basaltic stage 
proper takes place on aecount of the greater time of solidifica· 
tion of the basalt which allows microlites and grains of feldspar, 
augite, and magnetite to be irregularly formed through the glass. 
The number of these crystallizations increase in abundance and 
amount until the rock passes into a true basalt with an intensely 
dark interstitial globulit.ic base. By the process of secondary 
devitrification tl:).e tachylyte becomes discolored, and spherulites 
,of a dark brown to black color appear. Feathered forms occur, 
and finally lighter colored spherulites are formed, while the 
glass itself is more or less completely devitrified and affects the 
polarized light, until a transition is made to tho_se common 
altered forms of basaltic glass or tachylyte, * including the 
glassy diabase of Rosenbusch, which are here grouped under the 
name of zirkelyte, in honor of one who has done so mnch for 
petrography. In the crystallization of the tachylytic glass from 
the cooling magma, the minerals that crystallize out are depend·' 
ent upon various causes, the principal one probably being the 
rate of cooling. Feldspars, usually, plagioclase, are among the 
first to separate out, while olivine or augite may be wanting. 
Magnetite grains are generally present but not always. The 
absence of the corroded or foreign crystals, like oliYine, in the 
tachylyte is probably due to the fact of their being borne towards 
the centre of the dike or lava flow as a point of less resistance, 
as suggested by Judd and Cole. or 

* Am. Jour. Sei., ]884,(3) xxviii, 9-1-9G; Froe:. Bost. 8oc. Nat. I-Ijst, 187i, xix, 232, 233; 1878 
,p.315, Geology of the Iron and Copper Districts of Lake Superior, 1880, p. 44, 

t Quart. Jour. Geol. Soc., 1883, xxxix, 454.: 
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The ~lassy forms of basalt, which have been variously called 
tachylyte, hyalomelane, hydro-tachylyte, sideromelane, basalt
glass, etc., appear to be due simply to the rapid congealation of 
a basaltic magma, which with a longer time for solidification 
would have assumed the structure of ordinary basalt. Further 
they form simple narrow bands and crusts on the borelers of 
dikes, surfaces of lava Hows, and in other posU,ions when the 
solidification has been sudden, but do not seem to exist as large 
masses in connection with modern lava flows, except in some 
cases as the Sandwich Islands. That glassy lavas similar to 
those of Kilauea were formerly erupted in Newfoundland * has 
been already pointed out by the present writer. 

While there appears to be no need of distinguishing these 
basaltic glasses as distinct species, as has been done, or even 
to separate them as varieties of basalt, yet the habits and cus
toms of lithologists are, so strong, that it is thought best to 
designate here all these unaltered glasses by a variety name. 
Of all names used that of tachylyte appears to be t,he oldest and 
best established, while the other designations would seem to 
have been in a great measure abandoned. -r Hence tachylyte 
will here be used simply to designate the unaltered glassy basalts 
in general. 

'l'he more altered forms of basaltic or tachylytic glass are those, 
which, as a rule, are the pre-tertiary or the older formiS of most 
lithologists, and they have here been grouped under the llame 
of zhkelyte, as before stated. The least altered form studied by 
the writer is a perfectly black rock which in the thin section 
is composed of a greenish, yellowish, and dark brown glass, 

- which in places is more or less devitrified, tending to assume 
a spherulitic structure, and slightly affecting polarized light. 
It shows a well-marked ftuidal structure and contains a few 
lath-shaped plagioclase crystals, magnetite, and a few pseudo
morphs after olivine which are for the most part colorless and 
show fibrous aggregate polarization. The presence of the olivine 
may be accounted for here by the fact that the glass occupied 
the entire width of the dike. t 

* Am. Jour. Sci., 1884, (3) xxviii, 94-96. 
t RosenbuschMikros. Phys. 1877, ii, 444-447. Neues Jahr. Min. 1,82, ii, 1-17. Penck, Zeit 

Deut. Geol. Gessell., 18i9, xxxi, 521, 522. Judd and Cole. Quart. Jour. Geol. f?oc., 10'-83, xxxix, 
444-4G5. 

t Proc. Eo.t. Soc. Nat. Hist., 1878, xix, 315. 
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Other forms of zirkelyte are grayish rocks which in the thin 
section show a grayish altered glass that affects polarized light, 
but little. They have sprinkled through them lath-shaped pla
gioclases, pseudomorphs after olivine, magnetite grains, and sec
ondary crystals of pyrite. The feldspars are partially altered to 
dirty green viridite or colorless micaceous scales. 

In other cases the section shows that the glass has been divit
rified to a finely fibrous and globulitic grayish brown material, 
which shows aggregate polarization. This form contains green
ish pseudomorphs after olivine; and also feldspar crystals, which 
for the most part have been replaced by greenish chlorite scales 
and calcite. ,Vhile part of these feldspars show by their form 
that they were once plagioclases, they give no evidence of this 
fact in polarized light, but show complete aggregate polariza
tion. 

Other forms are fine-grained greenish gray rocks weathering 
to a brown color and holding small porphyritic feldspars. The 
groundmass is produced from the devitrification of a former basa
tic glass and is now composed of a dirty gray fibrous, and gran
ular mass. This groundmass encloses numerous minute lath
shaped plagioclase crystals, also virditic scales and ferruginous 
granules. A few augite grains and some pseudomorphs after
olivine also occur. 

Still further altered specimens contain calcite and delessite (?) 
amygdules besides pyrite. In the section the groundmass is 
much decomposed and the feldspars are in part obliterated by a 
spherulitic structure due to alteration. The fibres of the 
spherulites show the characters of amphibole. A number of 
pseudomorphs after augite, etc., Occur. These pseudomorphs are 
composed of quartz grains implanted on the walls, while the in
terior portion is filled with a dirty green delessite (~). The del
essite and viridite are irregularly scatt,ered throughout the
groundmass. 

In the form of basaltic rock nearest that of taehylyte the rock 
is usually brownish black and contains a few secretions of feld
spar or olivine grains. In the sections we have a dense black 
glolmlitie base holding crystals of feldspar and augite, with the
grains of olivine, although in some cases the latter are wanting. 
The globulitie base .is evidently the partially devitrified tachy
lyti<c glass as is rendered evident by tracing in the same hand 
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specimen the gradual passage from oue to the other; also as that 
passage is seen to ext,end from the surface towards the interior 
it is known to be connected with the greater length of time oc
cupied in solidification. 

As we pass on towards the still more slowly cooled forms the 
globulitic base becomes less and less abundant, and the mineral 
secretions more and more so until they pass into the anamesitic 
type. The rocks of this type are generally of a black, brownish
black, grayish-black or reddish-brown color, and are usually 
somewhat porous and cellular. The cells are generally spherical 
or flat elliptical depending upon the manner and rate of motion 
of that particular part of the rock at the time of its solidification. 
Fluidal and laminated structures are also occasionally seen, the 
latter of which gives to the basalt a schistose appearance. 
Grains of olivine and rarely grains of quartz and feldspar occur. 
Some of these basalts, particularly on the upper surface, are 
scoriaceous and of a reddish-brown color, caused by the change 
of the iron, during the cooling stage, from the ferrous to the fer
ric state; although in some cases the change may have taken 
place subsequently. Under a lens the sections show a brown 
or blaek groundmass with inclusions of feldspar and olivine or 
augite. Under the microscope the sections are seen to be com
posed of a globulitic base holding feldspar, augite, and olivine, 
with magnetite. The feldspar has the form which I have called 
basaltic, i. e., small elongated triclinictwins, several times longer 
than broad, and with fringed and step-like ends. These feldspars 
are frequently of unequal width, on account of the inclusion of the 
base in a wedge-shaped mass penetrating one end of the feldspar 
along the line of twinning. Again little masses of the globulitic 
base are seen scattered all along this plane of twinning. These 
feldspars are usually very clear but their boundaries are often 
indistinct, on account of the interlacing of the feldspathic mat
el'ial with the globulitic base and theil' gradual passage into one 
another. 

In the midst of these lath-shaped plagioclase feldspars some 
la;ger tubular forms occur, part of which are triclinic, but some 
of them are probably sanidin. The olivine is in grains and 
rounded crystals which have generally been attacked by the 
molten magma, tongues of which penetrate into the olivine sub
stance. The olivine is often blackened on its edges, and some-

5 
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times throughout the entire mass; in the latter ease it, is seen to 
be chiefly composed of minute grains and fragments of opacite 
or magnetite; aggregations of these grains are not infrequent, 
and every gradation can be traced from the almost unchanged 
oli vine, to these little heaps, that are the remnants of the destroyed 
olivine. The crystals are frequently broken and the broken 
parts occasionally blackened on every side, while more or less 
rounded fragments are disseminated throughout the ground
mass. That the olivine has been heated and attacked by the 
molten magma is shown only not by the characters given 
above, but also by the fact that the blackened crystals, when 
found of sufficient size to be completely freed from the ground
mass, are quite strongly magnetic, the same as some olivine is 
known to become on heating it before the blowpipe. May not 
this attack of the magma on the olivine be in some measure the 
cause of its rapid and varied alteration, to which it is subject 
after the consolidation of the rock ~ Only occasionally does the 
olivine bear evidence of crystallization from the magma, while 
the characters given above prove that it is foreign to its present 
position in the great ma:jority of cases. These characters belong 
to the olivine of the old basalts (melaphyrs) as well as to the re
cent ones, and is one of the strong proofs of their identity. The 
derivation of this olivine is of course a matter of uncertainty; it 
can be considered to be derived from fragments torn from older 
olivine bearing rocks, or else that the lava, in part at least, was 
derived from the remelting of older basaltic lava, that had cooled 
to the point of crystallization at * the depth at which it then ex
isted. Owing to the widespread occurrence of the olivine, and 
its possession of these characters in the earliest (Azoic) as well as 
in the latest of the finer grained basaltic rocks, coupled with its 
almost complete absence from the more acidic rocks, and from 
its possessing the same character when it occurs in them, leads 
me to adopt the later view for most of its occurences. t The 
augite is usually in rounded grains but occasionally in crystals; 
it becomes more abundant as the olivine diminishes and in the 
more coarsely crystalline basalts (dolerytes and diabases) as a 

" The generally adopted explanation of M. M. Fouqne and Levy for the corrosion of the 
crysta1s of oEYine) hornblende, quartz, etc., does not appear to the writer to be a correct one. 

t RosenlJusch, Mikros. Pbys., lS77, ii, 433; Lehmann, Vel'handl. Natur. Boon., 1874, xxxi, 6; 
Von Bneh, Beschreiuung del' Canarischen Inseln, p. ;)03; Rcrope, Volcanoes, 2d edit jon, p.ll!); 
Bischof, Chem. Phys. (1.801., 2Ll edition, iii 687·(.i!)O; Genth, Am. Jonr. Sei., 1862, (2), xxxiii, 202. 
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rule it entirely replaces the olivine. It is probable the olivine 
being dissolved in the magma has its substance mixed, with a 
greater or less degree of thoroughness, with it and gives rise to 
the formation of augite; when, however, the dissemination is im
perfect, the olivine sometimes recrystallizes. 

Part of the iron in the olivine probably goes to form opncitp, 
or magnetite, as under the microscope it is impossible to deter
mine whether the blackened particles of olivine belong to opacite 
or magnetite; opacite being only a name* given to indicate the 
dark ferruginous particles derived from the decomposition of 
minerals. In all cases opacite approaches more or less near to 
magnetite, if not quite to it, according to the perfection of the 
removal of the chemical constituents except the iron; and much 
of the disseminated magnetite has probably been derived in this 
way. It is well known that part, of the analyses of magnetite, 
and most of those of menaccanite show the presence of magnesia 
in these minerals. t 

Quartz occasionally occurs in inclosed rounded crystals nnd 
fragments, probably derived from other rocks, as its comparative 
rarit,y, and its general occurrence in those basalts, that from their 
scoriaceous or other characters seem to have formed the surface 
of the flow, would indicate this. The quartz is, howaver, par
tiallydissolved and must have tended to make the magma more 
acidic. It is in general of the same character as the quartz in 
the quartzose varieties of the trachytes, andesytes, and so-called 
propylytes, except in the cases in which it is a product of alter
ation or infiltration, or when quartz-bearing basalts have been 
mistaken for these rocks. t 

No natural division exist between the compact and the ana-
. mesitic and doleritic varieties of basalt, the distinction being a 
purely artificial one; and these terms would not be employed ill 
this paper, were it not for their common use in many works for 
the purpose of designating the coarser grained basalts. The 
anamesitic and doleritic varieties are usually of a gray, brown. 
or reddish-brown color, often cellular, somewhat crystalline, amI 
in general contain more or less olivine visible to the naked eye; 

* Vogelsang, Zeit. deut. Geol. Gesell., 1872, xxiv, 530. 
t Rarnrnelsberg, Handb. Min. Chern, 2d edition, pp. 1~2, 151; Bischof, Chern. Phys. Geol., 

2d edition, ii, 938; Dana, Mineralogy, 1868, pp. 144, 150; Lithological Studies, p.lo3. 
t Bnll, }\rIus. Compo Zoo1., 1879, v, 279-28';' j Proc. Bost. Soc. Nat. Rist., 1881, xxi, 260-:"!G8j ] f'S3, 

xxii, 122, 423. 
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quartz also is sometimes seen in these as well as in the more 
compact basalts, in the same rounded grains and fragments. 
The thin sections are usually gray or brown in color, aud the 
constituent feldspar, olivine, and augite can be readily seen by 
the aid of a glass. 

If we examine with the microscope a series of slides beginning 
with the glassy basalts, and passing towards the dolerytes, we 
shall observe a gradnal change ih our series: a brownish glass 
replaced by a dark globulitic base holding feldspar, olivine, and 
some augite; again this bal;;e gmdually diminishes in quantity, 
as the rocks become more and more crystalline, and the augite 
and oliviue gradually assume the functions of the base. The 
olivine grows less in quantity and the augite more abundant, 
until it replaces all or almost all of the olivine. As the base 
lessens in quantity, the crystals of feldspar generally become 
arranged somewhat at oblique angles to each other,so that they 
hold between them cuniform masses of the base, olivine, augite, 
and magnetite: sometimes one of these substances alone, and 
at others all together. This divergency of the crystals could 
hardly take place except in a somewhat quiescent mass, which 
as well as the coarser crystalline structure, would indicate that 
these varieties are caused simply by the greater length of time 
in cooling; other· causes may have intervened, sometimes, of 
whieh at present we know nothing. The augite in the more 
coarsely crystalline of these rocks seldom is in well-formed 
crystals, but is in general in irregular masses dissected by the 
feldspar, and these masses are usually made up of augite grains 
and irregular forms. 

The olivine remains the l:!ame in character except perhaps it 
shows more of the serpentinous and ferruginous decomposition· 
so characteristic of this mineral. * 

Sanidin is more abundant, and the magnetite is in larger 
grains and in long dash-like forms that are supposed to be quite 
characteristic of titaniferous iron. t 

Some of the basalts contain a felty base but it is unlike the 
felty base of the unaltered andesytes, which is so character
istic of them; it occupies a subordinate position in the rock, and 
is probably a fibrous devitrification or alteration product of the 

'" Senft, Die Felsgernengtheile, 1868, p. 555. 
t !lawes, Lithology N. R., 1878, p. 4U. 
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common globulitic base, aR it is only seen in somewhat altered 
basalts. 

The only cases in which this base will be confounded with that 
of the andesytes is when the andesitic felt has been somewhat 
altered, in which case the other characters must help us to de
cide. 

The chief characters of the basalts are their generally uniform 
black, brown, gray, or reddish groundmass containing usually 
but few porphyritically inclosed minerals except olivine, wit,h 
occasionally some feldspar and grains of quartz; sometimes they 
are cellular with spherical or flattened cells. Sections of the 
rock under the loupe are of lighter color than the rock, showing 
-a groundmass containing olivine, rarely augite, and in the more 

_ -coarsely crystalline basalts, feldspars, which generally lie ob
liquely to one another. Under the microscope the especial char
acters are the general coarseness and roughness of the section as 
a whole, owing to its constituents and their arrangement; the 
globulitic base; the occurrence of olivine; the basaltic form of the 
feldspar; and in anamesitic and doleritic varieties, the divergency 
-of the smaller feldspars with the wedge-shaped masses between 
them of base, olivine, augite, and magnetite. This structure can 
be considered as an ophitic one passing into a granitic one, as the 
more perfect it becomes the less of uncrystalline material is left an d 
the nearer does it approach the structure of granite; and if we 
could obtain specimens at any considerable depth we should 
probably find that they had entirely crystallized, its last remain
ing portions forming cumform masses of quartz the same as is 
now seen in some of our coarser gabbros, when that quartz is not 
secondary. Other characters are the great abundance of plagio
clase with the corresponding rariety of sallidin, the presence of 
magnetite in crystals, and grains or droplets of augite and olivine 
in the groundmass. In the doleritic and anamesitic forms a char
acteristic feature is the presence of irregular masses of augite 
composed of one or many individuals or grains that are cut 
through by the divergent feldspars. There is no one of these 
features but may be absent from a section, and in that case the 
decision must be made upon the others; while in the very dense, 
or altered basalts, comes the greatest difficulty in the classifica
tion. The globulitic base is here the most important character, 
:so far as my observation has gone, as it is never seen fully de-
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veloped in any rocks except basalts, and further it is never en
tirely wanting in any true and unaltered specimen, * while any 
of the other characters may fail in eit,her direction. 

The order of crystalliz~tion of the minerals in basalt is gener
ally the following: the olivine, quartz, and probably some of the 
magnetite if not all of it, the picotite, and rarely some others are 
in general of prior origin; while the products of the crystallization 
of the lava are the feldspar, augite, occasionally a little olivine, 
and perhaps magnetite. The crystallization of the augite and 
feldspar was contemporaneous as regards the section as a whole 
but at anyone point, sometimes one and sometimes the other pre
ceded; generally, however, the feldspar was the first separation. 

The basalts are subject to alteration to a greater extent than any 
other modern volcanic rocks; the alteration diminishing in amount 
and variability, in order from basalts, andesytes, and trachytes 
on to the rhyolytes, the amount and variation of the alteration 
being proportioned in some degree to the silica present. The 
color of the altered fine grained basalts is generally a brown, 
wood and reddish-brown, red, brownish-yellow, greenisb, ete., 
the shades being usually dull. The various alteration products 
are: Viridite, glauconite, delessite, saponite, serpentine, the 
various zeolites, palagonite, and many others of the intermin
able and indeterminable hydrous silicates, feldspars, epidote, 
hornblende, quartz, chalcedony, muscovite, biotite, opal, anhy
drous and hydrous ferric oxide, calcite, etc., etc., these alter
ations giving rise to many names and so-called species of rocks, 
as well as to some pungent literature. The cellular basalts have 
their cavities more or less filled with mineral matter, giving rise, 
when the change has gone far enough, to amygd~loidal rocks. 
like the amygdaloids in the vicinity of Boston, and from Lake 
Superior. Further, from changes that occur in the groundmass, 
pseudo-amygdaloidal forms arise, and it is doubtful if these' 
forms can in many cases be distinguished from the true amyg
daloidsJormed from the filling in of pre-existing cavities. Nu
merous examples of this can be seen in the vicinity of Boston, 
where the rock has been quarried away leaving only the compact, 
old basalts (melaphyrs), when the quarries were abandoned;, 
which compact rock later began to decay and alter, giving 

* Except in Nos, 196,197 and 198 described by Zirkel, Microscopical Petrography, 1876, pp. 
99, 100. 
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rise to a pseudo-amygdaloid filled with green earth, which with 
our present knowledge, could not be distinguished from a true 
amygdaloid, if its origin had not been known. The writer has 
observed this change, especially in one quarry, which of his own 
knowledge, he is aware had not been abandoned over five years, 
and he believes that in this way, by alteration, many of the 
rocks called amygdaloids became possessed of this structure, * 
further, that as the mineral matter filling pre-existing cavities 
was derived from the surrounding rock mass, the true and 
pseudo-amygdaloidal characters are usually combined in the 
same rock. The specimens are usually decomposed to some ex
tent, often wackenitic, sometimes porphyritic, schistose or foliat
ed and possessing that multiplicity of characters to the eye that 
have perplexed geologists since the science of rocks began to be 
studied; these characters are so various that they must be traced 
out in the special descriptions of such rocks, for no general de
scription will cover all cases. 

The sections to the unaided eye, or under the lens, present as 
variable characters as the hand specimens, being of various 
shades of brown, red, green, and yellow, and are compact, amy
gdaloidal, porphyritic, foliated, or earthy, like the rock from 
which they were derived. The microscopic characters of the 
rocks and of the sections are to a greater or less extent basaltic, 
depending upon the amount of alteration, and they form with the 
unaltered basalts a continuous series. 

Under the microscope the sections show the characters of ba
salt with more or less obliteration of these characters depending 
upon t,he amount and kind of alteration. 

The base generally suffers first, becoming devitrified and yield
ing quartz, feldspar, viridite, palagonite, and other alteration 
productsi the groundmass next undergoes change, yielding quartz, 
chalcedony, opal, feldspar, epidote, serpentine, palagonite, viri
dite, chlorite, zeolites, calcite, etc., etc.; and the porphyritically 
inclosed minerals also suffer to a greater or less extent their char_ 
acteristic alterations. The olivine is replaced by serpentine, 
quartz, calcite, viridite, and the ferric oxides; the augite by 
viridite, chlorite, biotite, and hornblende, the feldspar by viri
dite, kaolin, quartz, and other substances. 

* Wadsworth, Proc. Bost. Soc. Nat. Rist'l lS7i, xix, 283; Pumpelly, Proc. Am. Acad., 18i~) 
xiii, 269 
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These changes often progress together, the olivine~ however, 
usually being altered in basalts which are otherwise unchanged. 
The feldspar with occasional exceptions is the last mineral to un
dergo change in these rocks. The determination of altered basalts 
depends of necessity upon the retention of some of the original 
characters; and npon the knowledge that is possessed by us of 
these and of the alterations to which basaltic rocks are subject. 
The basaltic character and arrangement of the feldspars are 
usually the last characters to be obliterated; although the 
pseudomorphs after olivine, showing the effect produced by the 
magma, are very important distinctive characters when they are 
present; further, the minute rounded grains of augite and of 
olivine, when present, are also important proofs. The less al
tered the rocks are and the more characters of unaltered basalts 
they possess the stronger is the proof of their identity. Chemi
cal analysis made upon properly selected and thoroughly studied 
specimens would probably aid much in establishing laws for their 
determination. To this class of basalts where the alteration has 
gone far enough to affect the macroscopic characters the term 
melaphyr has been given by the writer, for the reason that to 
these rocks this name seems to have been almost universally 
applied, in spite of the numerous definitions that have been 
given to it. 

The chemical and microscopic analysis of melaphyrs, as well as 
the field relations, that have been published, indicate, that except
ing some altered andesytes, which have been called melaphyrs, 
the term melaphyr is generally confined to the group, of fine 
grained altered basalts, even if it does not include aU of them. 
~1elaphyr I define, therefore, to be simply an altered and, therefore 
generally old, compact basalt. Under melaphyr I include also 
some rocks of a basic nature, whose groundmass is principally 
horn blend ie, micaceous~ or chloritic, these minerals a·rising in 
both cases from alteration; as a study of the characters of these 
rocks leads me to believe that they are altered basalts, although 
it is possible that they are altered andesytes, a question which 
chemical analysis at some future day may settle. These forms 
have usually been classed as diorytes (a term much more abused 
at the present time than melaphyr ever has been), also as horn
blende, mica, and chlorite schists, forms which the writer has 
claimed for years the old basaltic rocks were altered into. The 
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alteration of the more coarsely crystalline of the basalts; the 
anamesytic and dolerytic varieties, gives rise to rocks colored 
various shades of green, gray, or brown, sometimes weathering 
to an earthy or rusty brown, and showing jointing, closely simu
lating stratification and lamination. Some of these, like the 
melaphyrs, have a spheroidal disintegration .. In general these 
rocks lil~e the melaphyrs can be distinguished in the field as 
well as in the hand specimens by t,he skilled petrographer on 
account of the alteration characters they possess; but this does 
not entitle them to be considered as a distinct species of rock, 
but only as an altered variety of basalt to whieh they belong. 
The products of alteration in these rocks are chiefly pyrite, 
quartz, mica, epidote, hornblende, viridite, chlorite, prehnite, 
the zeolites, and calcite. A.s the more commonly occurring of 
these products are of a greenish shade of color, so in these rocks. 
some shade of green predominates, as the term greenstone so 
commonly applied to them shows. 

When the alteration has progressed far they resemble some· 
times and even become chlorite schists, hornblende schists, mica 
schists, greenish felsytes, greenish limestones, etc. To these al
tered basalts in accordance with the general custom the name 
diabase is given, a name holding the same relation to melaphyr 
that doleryte and anamesyte do to basalt when this latter term 
is used in its original meaning for the compact basalts. That 
diabase and melaphyr are but the coarser and finer crystalline 
states of the same rocks was proven by the writ~r both from 
geological and microscopical research in the case of the intrusive 
rocks in the vicinity of Boston. * In one case the edge of a dike 
had the characters of a melaphyr and the interior those of a 
dioryte, while the dike is believed to be beyond a doubt an old 
basalt. In the coarser parts of some of these diabases horn
blende instead of augite abounds, which hornblende is an al
teration product chiefly of augite, showing that dioryte and 
diabase are geologically the same, which the writer has believed 
to be universally the case with basic diorytes in which the horn
blende is an alteration product; as it always is except in the 
case of a few diorytes which belong to the old andesytes. Thin 
sections of these rocks show usually green or gray colors, gen
erally both together, and under the lens the feldspar is seen to 

* Proc. Bost. Soc. Nat. Hist. 1877-78, xix, 223-237, 309-316. 
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predominate; its color is generally a grayish or greenish white, 
the crystals being usually divergent and holding bet, ween them 
angular and irregular masses of magnetite and menaccanite, also 
augite, chlorite, viridite, and other minerals; the chlorit,e, viri
c1ite, and hornblende comi ng from alteration of the rock and 
giving rise to its green color. The sections, when examined 
under the microscope, show to a greater or less degree, accord
ing to the amount of alteration, the characters of the dolo
rytes and anamesytes as given on previous pages. The feldspar 
becomes change!i to some extent, often losing all traces of its 
polysynthetic twinning, sometimes showing aggregate polariza
tion from the alteration to quartz, mica, viridite, chlorite, cal
cite, etc.; but it is very rarely the case that the original structure 
and arrangement of the feldspars are entirely obliterated. In 

.the non-porphyritic diabase, the angular spaces left by the feld
spar are filled by the original constituents of the basalt or by 
their alterat,ion products. 

The base, part, and sometimes all, of the augite are replaced 
by viridite, chlorite, mica, hornblende, epidote, prehnite, quartz, 
calcite, and some other products, showing fibrous or aggregate 
polarizat,ion; but sometimes, as in the case of epidote, prehnite, 
and qnartz, showing the polarization characteristic of an indi
vidual crystal. The titaniferous iron is also frequently altered 
to a grayish white product of indefinite nature called leucoxene. * 
In some cases the diabase closely resembles chlorite schist when 
it has not actually been metamorphosed into that rock, while it 
has probably been mistaken for it by geologists many times. 
The characters of be- salt that remain longest in the diabase, are 
the presence of the remains of augite cut generally by the diver
gent feldspars; the lath-shape and divugency of the feldspar; 
and the titaniferous iron with its alteration product. As pyrite 
in the highly altered diabases yields a product of similar micro
scopic characters to those of leucoxene, care is to be taken not 
to confound the two. 

Belonging to the diabases, as the writer believes, or has 
sometimes proved, are certain porphyritic crystalline rocks 
that have suffered much alteration and are usually classed under 
the head of dioryte. The general habit of these rocks is like the 
diabases into which they have often been traced in the field, 

'Roseubusch, Mikros. Phys. 1877, ii, 336; 1885, i, 332, 333. 
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showing, however, long hornblendic crystals which under the 
microscope are found generally to be alteration forms usually 
uralitic, but oftentimes of the common brown form; some sec
tions showing no augite, while other sections of the same speci
mens often contain considerable augite, altered along its edges 
and fissures to hornblende. The specimens contain considerable 
alteration quartz, and the feldspar has its primary characters 
nearly, and often entirely, obliterated. The characters of these 
rocks are so obscure much doubt must remain regarding the 
affinities of some of them, until their relations are more carefully 
studied in the field and less altered and more characteristic 
specimens selected by the petrographer. Some of these rocks. 
may belong to the altered andesytes. 

Questions of this kind are very difficult, but it is the duty of 
the lithologist to do all that he can to solve them with the ma
terial he has at hand. The more coarsely crystalline of the old 
basalts contaiu foliated pyroxene with or without olivine, and 
are known as gabbros. They can not be definitely separated frOll 
the diabases and form part of the same continuous series. The 
minerals occupy the same relative position in these rocks that 
they do in the diabase, the alteration products here being princi
pally hornblende, mica, qnartz, serpentine, magnetite, and saus
surite. The alteration of the feldspar to saussurite gives rise to 
the altered basalt known as euphotide, a· name which it would 
be well to dispense with, together with numerous others that only 
lead to confusion in the scientle. 

FRAGMENTAL BASALT~. 

Tufa. 

The fragmental basalts are often mixed with other clastic ma
terials and also suffer the same alterations as the parent rocks. 
In the mixed elastic tufas it is largely a questiou of predomi
nence uf basaltic over any other material that causes them to 
be placed under this head. The color of the basaltic tufas is 
generally grayish, reddish or dark brown; in texture they vary 
from a compact to a friable mass composed of coarse or fine frag
ments. 

Each case requires for it an individual description; while in 
the thin sections the basaltic fragments show those characters 
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belonging to basalts, and the other fragments, the characteristic 
of the rocks to which they belong, thus enabling the skilled ob
server to determine each fragment large enough to contain any 
groundmass of the parent rock. 

The student's success in the study of tufas must depend on his 
knowledge of the massive rocks and of their alterations. 

As remarked above the tufas are subject to the same alter· 
ations, under like conditions, that their parent rocks are, and these 
alterations are to be studied in like manner. When the cbange 
has proceeded far enough to induce characters in the fragments, 
like those of melaphyr or diabase or even still greater, or if the 
fragments were originally derived from altered basalts, the result-
ing rocks are here classed as 

Porodyte. 

'l'he poroditic rocks belonging to the basalts are usually of a 
gray or green color with a massive or schistose structure. They 
are to be distinguished by their fragmental character, often only 
determinable under the microscope. The rock species from 
which they were derived is perhaps never determinable except 
in the thin section and then often only with difficulty, depending 
upon the amount of alteration to which the specimens have 
been subjected. The individual fragments are to be distin
guished by their retention of the same characters that the altera
tion varieties of the basalts have, or the retention of the charac. 
tel's of the other rocks, from which any of the fragments may 
have been derived; the earthy cementing material formed by 
the comminntion of the fragments is usually of an indetermin
able nature, and its composition can only be inferred from the 
included fragments. Certain of these porodytes resemble macro
scopically highly altered and very compact diabases, with a 
conchoidal fracture, and have given great trouble in the field be
cause their petrological relations and contained fossils indicated 
that they were sedimentary rocks, while their resemblance to 
diabase, from which they were derived, was thought to prove 
the sedimentary origin of all diabases. Many of the porodytes 
are altered to hornblende and other basicschists in which traces 
of their origin remain, usually in the form of the augitic frag
ments. From the published analysps it can be inferred that 



15 

most of the hornblende and ehlorite sehists, as well as some 
miea schists, whieh are Dot altered eruptive roeks, have had a 
like derivation, but that is a subjeet for further eareful investiga
tion. As the differenee between an altered basaHie and andesitie 
roek is but slight, the distinction between the fragmental poro
dytes derived from these two species is a matter in many eases 
of very great diffieulty and uncertainty, depending oftentimes 
upon the form of the augite erystals and fragments, together 
with their inclusions; but occasionally the augites show the 
wedge-shaped form and dissection so marked in the diabases. 
The European basalts are generally more altered than those from 
the western part of the United States, the globnlitic base being 
obliterated except in those from aetive volcanoes, as far as I 
have seen. Many of these European basalts would fall under the 
head of melaphyr or diabase as they have been defined in this 
paper; as would probably nearly all those described by the Eng
lish lithulogists. The same greater age and alteration seems to 
hold good for all the volcanic rocks on the Atlantic slope of the 
continents, with the exception of those from active volcanoes; to 
the Pacific slopes we are then to look for the key to the petro
graphical history of the globe, which will need to be /Supple
mented by the study of the older and more altered types of the 
Atlantic drainage slopes. In truth the writer does not believe 
that any petrographer can do satisfactory work upon the older 
rocks, until he is thoroughly conversant with the modern and 
unaltered forms, and is able to trace the gradual passages and 
changes of the latter into the former, as both, instead of being 
distinct types, are, according to the present writer, one and the 
same, the only difference between the aneient and modern forms 
being due to the alteration of the former, and to a more coarsely 
crystalline texture of the latter, owing to the greater depth at 
which the rock solidified, and the longer time oeeupied in con
solidation. 

Taking the various forms which are assumed by the basaltic 
rocks both in their original state and under conditions of altera
tion the various modifieations can perhaps best be el.assified as 
follows: 



Tachylyte. 
Basalt. 

Basalt. 
Lencityte. 

Aiiamesyte. 
Nephelinyte. 

Doleryte. 
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Zirkelyte. Lencityt.e. 

Melaphyr. Nephelinyte. 

Diabase. 

Gabbro. 

Dioryte. 

Syenite. 

, 

I Granite. 
r 

I 

I 

Tnfa. 

Porodyte. 

Argillyte. 

Phonolyte. 

Granulyte. 

ADlphibolyte. 

Epidosyte. 

Eklogyte. 

Chlorite Scbist. 

Hornblende Schist. 

Actinolite Scbist. 

Steatyte orTalcSchist 

Mica Schist. 

Gneiss. 

The classification given above of the basalts differs somewhat 
from that given by the author in 1879. At that time peridotyte 
was placed with the basalts, and he did not employ in the clas
sification so many names under the varieties as here, for the rea
son that while he was then aware of schistose and granitoid vari
eties amongst the altered forms of basalt he had the idea that it 
was better to class these forms under melaphyr, diabase, gabbro, 
etc., a view which in the present state of science it is impracti. 
cable to carry out, and will be for many years, until petrographers 
become more familiar with the changes that rocks undergo sub
sequent to their consolidation. 

Many more names could have been employed to indicate the 
alteration or even the mineralogical varieties t,han have been 
given above, but that seemed unnecessary. The use here of any 
term like granite does not imply that all granites are altered 
basalts, but only that some rocks called granites, etc., are altered 
forms of basalt. 

The term basalt is here used as the specific or generic term in
stead of doleryte as suggested by Allport and Dana, and em-



ployed by myself in 1877. The C[Luse for this ch[Lnge is the fact 
that the majority of petrographers use the term basalt as the ge
neric term, therefore it is better to conform to the general uS[Lge 
even if theoretically doleryte is the preferable term. The term 
anamesyte is but little used at the present time being generally 
superseded by the variety name of basalt, and it is here j llserterl 
simply to show the structural relations. 

Diabase would include under it the diabase proper of the Ger
mans, olivine diabase, and mnch of the diabase-porphyryte, etc .• 
Gabbro is here used to comprise not only gabbro proper but oli
vine gabbro, noryte, olivine noryte, forrellenstein or troctolyte, 
kersantyte, most of the teschenyte, etc. 

Under the terms dioryte, syenyte granite, phonolyte, gneiss, 
granulyte, etc., are here included only those forms of basaltic rocks 
which on account of t,heir alteration are mineralogically or 
structurally so transformed that they would by lithologists gen
erally be classed under those names. The same can be said of 
the use here of the term argillyte and schist, as it is intended 
that under basalt shall come every form or variety which that 
rock can ever assume, but it is not thought necessary to multiply 
indefinitely the list of terms which have at various times been 
employed to indicate all the changes that occur in basaltic 
rocks - as the changes and corresponding names are. exceedingly 
numerous - more so for the basalts than for any other group. 
Indeed it may be said that by far the larger number of names in 
lithology have been at some period of their use applied to some 
one of the various mineralogical, structural; or alteration forms 
which basalt assumes. 

GABBRO. 

Under the variety name gabbro the writer would place all 
those basaltic rocks which are essentially composed of feldspar 
(nepheli~ or leucite), diallage, or rhombic pyroxene and mag
netite or menaccanite, as well as all rocks produced by their 
alteration. 

As a rule they are of a coarser grain or more granitoid in 
their structure than the diabases, and it is to these granitoid 
forms that Judd would restrict the name gabbro, and certainly 
macroscopically it will thus be used generally by lithologists as 
it always has been. But the more common use amongst micro-
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lithologists has been to employ the term to include those basaltic 
rocks in which the pyroxenic constituent was a foliated form. 
However, in more recent times those varieties bearing enstatite 
or hypersthene have been separated i nt,o distinct species known 
as noryt,e and hypersthenyte. These names, however, seem un
necessary in the light of the relations established between the 
rhombic and monoclinic pyroxenes, not only between each group 
but also between the members of each group. 

Macroscopically the gabbros are, as a rule, much more granit
oid in structure, with the feldspar or pyroxene in larger masses, 
and of a grayer or darker color than the diabases-which usu
ally show some shade of green. Yet in many cases the two rocks 
are macroscopically undistinguishable-a fact that has proved 
to be of more common occurrence in the Minnesota rocks than 
in those of any other region which I have studied. 

The Minnesota gabbros have been studied along two lines, one 
passing from the coarser crystalline forms towards the finer or 
more diabasic types, until a group is reached which is closely al

,lied to the diabases, while it is often doubtful amongst which 
division the individual specimens belong. 

The second line of study has been to arrange each group ac
()ording to the less or greater amount of aUeration fonnd amongst 
its members. This second division has not been strictly carried 
out but rendered subordinate to the first arrangement. This 
order of study is not in accordance with that chosen by the 
writer for his "Lithological Studies," which were intended to 
detail the results of an extended study of a large series of ancient 
and modern rocks; but it has been chosen as best adapted to 
show the relations between the different mpmbers of these old 
Minnesota rocks. 

Although the Minnesota gabbros are of a much finer crystal
line texture, as a rule, than those studied by the writer from 
Northern New York, Eastern Massachusetts, San Domingo, and 
elsewhere, yet in general characters they are otherwise similar. 

Macroscopic Characters. 

In the Minnesota gabbros, studied by the writer, the least 
altered forms of the most characteristic type commences with a 
coarsely crystalline gray rock composed macroscopically essen
tially of gray feldspar plates, holding interstitial masses of mag-
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netite,* biotite, etc. In succeeding formR the fel(lf;pal' is of a 
gray to a milk-white color, while macroscopic diallage appears, 
showing a partial alteration to hOl'N-blende, with t,he distinct 
cleavage of that mineral. The general structure of the coarsely 
crystalline gabbros is granitoid, and as they are more altered, 
the gray tints become darker, passing even to brown 01' black, 
although greenish tints sometimes prevail. The Duluth gabbro 
is especially variable, being in part composed almost wholly of 
brownish to greenish gray feldf;par, often on the fresh fl'acture 
closely resembling el:eolitc- In t,he more altered portions thefeld_ 
spar has a gray.ish white o1'pinki8h color and epidote appears in it. 
In subordinate quantities there appear in the rock magnetite, 
amphibole and chalcopyrite. Ot,her specimens of the Duluth 
gabbro are less coarsely crystalline, while the alteration of the 
feldspar, with an increasing white or pinkish color, becomes 
more conspicuous, and yellowish green aggregations of epidote 
are common_ The alteration to epidote is marked by a central 
core of that minernl, surrounded by a band of grayish white feld
spar; which in its turn is encompassed by a narrow border of 
reddish or pinkish fe1c1spar. Outside of the last band extends 
an irregular and indefinite zone of brownish-gray discolored 
rock_ 80met,imes the more or less altered, and variously colored 
feldspars are irregularly intermingled in thA different zones, 
so as t? partially or eutirely oblit.erate the banded stl'Ucture. 
The so-called Rice point granite is the same gabbro, which has 
partaken of the grayish-white and reddish alteration of the feld
spars, together with t,he segregation of the epidote, giving to it 
an appearance closely resembling some coarsely crystalline 
hornblendic o-ranites, (from whieh resemblance has arisen its 
common llan~ -p, t" t, 

Other specimens of the Duluth gabbro are finer grained, and 
show macroscopically reddish feldspars, hornblende, epidote, 
and some quartz. Others again have the magnetite abundantly 
developed, so much so that the grayish-black rock has been 
deSignated an iron ore, which has been mined at Duluth_ 
Some specimens from Duluth show the well-known spheroidal 
or boulder-like decomposition of basaltic rocks. 

In some of the Minnesota gabbros the diallage shows a schi!-

* The term magnetite will here be used, for con,\",eniel1ce, to designate not only magnetite 
proper, but also menaccanite, and the intermediate grades of iron ore. 

7 
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lerization like that common to bronzite, and ill certain cases 
this alteration is carried so f,Ll' th:tt the mineral easily cleaves 
into miCtweons looking plates, parallel to the basal pinacoid 
(0. OP, (01) of the diallage. 

The more commonly appeari ng secondary constitutents 
of the Minnesota gabbros are hornblende, biotite, quartz, 
and apatite, and in acconlance wit,h their relative abund
ance is the character of the rock changed. Some forms thus 
arising throngh alteration are coarsely crystaJline grayish -green 
compounds of feldspar, hornblende 'l.lld magnetite, anJ:1 others 
are dark or rnsty brown, dioritic looking rocks, in which some 
diallage mayor may not be distingnisbed in the midst of the 
secondary hornblende. These forllls, when the c1iallage is nearly 
or entirely wanting, make a more or less normal dioryte and are 
so nalllell by lithologists and geologists generally. The feld
spar in these diorit,ic rocks is nsually of a reddish or grayish 
color, the same as it oft,en is in the less altered allelmore normal 
gabbros. 

A further t,ype of altereel ga.bbro is when we have a coarsely 
crystalline granitoid rock of a pale reddish-brown color, and 
composed of a. fiesh-colorecl felllspar, hOl'llblellCle, with or wit.h
out diallage, quartz, apatit,e, and magnetit,e giving rise to a 
rock that might well be macroscopically considered to be a nor
mal granite. Others have as fUl'tlwl' secomlary minerals biotite 
a.nd calcite. In this connection with the coarsely crystalline 
aJtered gabbros are placed a series of a[terell rocks, which are 
regarded by the writer as more extreme eases of the same alter
ation, but whose absolute connection in the majol'it,y of occur
rences cannot be proved with the material at present, at the com
mand of the writer. Amongst these rocks are crystalline 
gneissoid forms having a banded structure and composed of 
pinkish and grayish feldspa,r, and hornblende. Others are dark 
gray and greenish-black rocks, composed of gray and reddish 
feldspar, magnetite, and greenish hornblende; with sometimes 
the addition of quartz, chlorite, and apatite. These rocks are 
placed with the gabbros, although differing in mineral compo
sition, on account of their resemblance in structure macroscopi
cally and microscopicaJly to the known altered forms of that 
roek. 

Another group of gabbros of somewhat, finer crystalline 
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st.ruct.ure t.ha,n the preceding are yellowish'gray to dark crystal
line rocks, macroscopically composed of i'eillspar allli magnet.ite. 
In some apatit,e and pyroxene are seell. 

This hring:s us to the finer grained group of gabbros or those 
which more closely resemble the diabases proper. 

The least altered rocks of this grou)) are grayish and of me
dium grain. They are composed principally of a dear, glassy 
feldspar, holding brownish oli "ine, diallage, anel magnetite. As 
the alteration of these grannbr rocks progresses, they become 
dark gray, t.o grayish or rusty bro\yn, and more or less com
pact, wit.h the olivine more or less altered to serpentine, and 
with biotite as an accessory mineral. l\Iost of tllese rocks are 
macroscopically nmlistillgnishable from diabase. 

Other forms appen,r to be chietly or entirely composed of feld
spar and olivine, thus forming that variety of gabbro known 
as forrellenstcin. 

lJiicroscopic Characters. 

In glVlng the mic~oscopic characters of the ::\Iinnesota gab
bros the same order will be followed as tha t taken in gi ving the 
macroscopic oncs. 

The coarser crystalline gabbros are composed of feldspar 
(principally if not entirely plagioclase), diallage, and magnetite. 
These rocks, as we Sllccessively progress towards the more al
tered types, show a kaolinization of the felchpar, t,he produc
tion of viridite, a brownish coloration of tIle diallage and t.he 
development of clark plat,es and needles which often form a rec
tangular grating structure in it. Biotite and hornblende begin to 
appear in greater or less abnnd~1nce, and on fllrtller ehange, 
quartz, orthoclase, and mica scales are formed in the plagioelase, 
thus transforming the mineralogieal character of the rock. 

In somp. cases the pyroxene is in part altered to biotite, ac
t.inolite, ~Mld chlorite, and the feldspar to quartz, orthoclase, 
chlorite, etc., the change in portions of the section being so 
great that it shows all the characters of a schistose rock, a 
result purely due to alteration, as the gabbro characters of the 
remaining portions show. One type of gabbro, as shown in 
Plate IV, Fig.1. is composed of fine, rounded grains of diallage 
inclosed in granular feldspar, the whole presenting a structure 
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belonging not to a sedimentary bnt to a rock which has entirely 
recrystallized after its solidification. All the crystals or masses 
are composed of rounded forms of a number of rounded 
grains, usually but little longer than broad. This form applies 
to the feldspar and magnetite as well as to the diallage. The 
structure may be cungenital bnt I have seen it only in recrys
tallized rocks, when any evidence of tlleir history conld be ob
tained. A fLlrther change has set in laJ,er as shown by the hrown 
biotite on t,lle right hand, aml by the green hornblende at the 
bottom of the figure. This change goes so far that portions of 
the section form a perfect tlioryte, the c1iallage being entirely 
alt,ered. 

Besides the varions forms of foliated schistose or dioritie gab
bro, other types exist ill which t,he rock generally, or the ground
mass, is altered to a confused mass of viridite, ferrite, quartz, 
etc., giving to the rock an eozoon or graphic structure, or when 
the alteration is carriell further, the rock becomes changed into 
one that would be styled by lithologists generally a granite. 

Amongst the ::Iiinnesota gabbros are several specimens belong-' 
ing to that variety kl1o,,·n as jorellenstein o~> troctolyte, composed 
of ftOlc1spar with olivine alld sometimes a small amount of diall· 
rtge. The feldspar is largely clear, Wit.ll broa<l polarization 
balllls, but sometimes it is cloudy from kaolinization and con
tains quartz and other alteration products. The olivine in part 
is unaltered, of a yellmyish color and pleochroic, the colors vary
ing from a greenish yellow to a yellowish brown, and a reddish 
hrown. Diallage, in smaJI quant,ities, is present in some of the 
sections and contains magnetite dust. 

The further' speci~tl discussions are better taken under the 
head of the minerals following: 

Feldspal'. 

The feldspar of the Minnesota gahbros is usually in large ir
regular rmt8Ses showing broad polarization bands. Optically it 
appears to belOllg largely to labradorite and anorthite. In many 
cases the plagioclase is filled with needles and globulites so com
monly seen in the feldspar of gabbros; these are for the most 
part arrallged parallel to the twinning plane, although sometimes 
oblique to it,. Tubular cavities were also observed in lines r ar-



allel with t.he same plane. Much of the plagioclase is twinned 
by the l)e1'iclil1e and albite law; and ill one case the onlinary 
twinning could only be seen just at the point of extinction, as Ule 
writer found was the case with the plagioclase of the Bishopville 
meteorite. * 

The plagioclastic twinning has largely been obliteratetl in many 
~ases by the altera,t,-ioll of the fehbpa.r; every condition being 
observed between that, in which the feldspar shows the striations 
intact to t.llOse in which they ca.n be seen in only ~t few places, 
and to other specimens in which they are nearly or entirely lost. 
The obliteration of the striations takes place largely through the 
kaolinization of the feldspar. and its replacement by ferrie oxi(1e, 
viridite, micaceous minerals, magnetite, ort,hoclase, quartz, 
epidote, etc. vVhen the kaolinization is carried to any great 
extent the triclinic bands arc lost in the aggregate polarization 
produced, and this is true to a great,er or less extent when the 
feldspar is replaced by other minerals. 

In some cases when quartz is the replacing mineral the st.ria
tion and kaolinized patches are preselTed intact. r.rhis Ltd was 
observed in the case of the altered gabbros or diorytes, No. 30:"5, 
from the outlet to North lake, and No. 33-1 from Pipestone Rapids. 
The best occurrence in No. 3M is shown on Plate VIII, Fig. 2. 
In this the apparently clea"l'ecl or st,riated plagioclase crystal, 
partially lmolinized and partially clen,l' is seen in polarized light 
to be composed largely of a homogeneous uniformly pohrizing 
quartz; but partis made up of diversely polarizing quartz grains, 
the striations extending from one t,o another. 

The reddening of the feldspar, or its common reddish color, is 
looked upon here as produced largely if not entirely by altera
tion, t which alteration causes a loss of the striated or plagio
clastic character, a fact which has also been observed by Irvi ng. 1: 

In the study of the rocks of the Northwest some difference of 
opinion exists concerni ng the origin of the viridite or chlorite 
found in the feldspar. My observations indicate that it is gen
erally formed from the feldspar itself and this agrees with the 
observations of Pumpelly § and Irving, II while Streng II and 

* AID. Jour. SeLl 1883 (3), xxvi. 34; Lithological Studies, lS~-L p. 200. 
t Geology of the Iron and Copper Districts or Lake Supel'iurJ 1880, Pp. 55, 5/j 
t Geol. ,Visco 1880, iii, 171; Copper· bearing' Rocks, IS.S:), pp. 60:), (i:?2. 
e Proe. Am. Acad. 1878, xiii. 2iO, 290. 

ii Ge~J. Wisc. 1880, iii, WI. 
'\' AJ1!:1t Rep. Minn. 1882, xi, 45, 40. 
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Julien * look upon)t as an infiltration from the adjacent pyrox
ene. vVichmaIlIl -r also describes cases in which it is an ill infilt
ration, but in other examples he looks upon the viridite as a 
product from the alteration of the feldspar. 

The replacement of the plagioclase by orthocla:-:e is one of the 
steps in the alteration of the gabbro rocks; alld Irving's ort,ho
clase gabbros do not appear to be a distinct group of rocks but 
merely an altered conclition. This is indicated by Irving's own 
observations that the orthocla:-:e i:-: more or less cloudecl, redden
ed, and charged with secondary quartz; while it, always appears 
as of later crystallization than the plagioclase, conforming to the 
contours of the latter mineral. The production of the ortho
clase gahhro:-: by alteration is further indicated by the fact 
pointed out by Irving, that their specific gravity t is less than 
that, of the gabbros free from orthoclase. § 

Other evidence';'; that the'se g~tbbros are simply alteration or 
metamorphic statps of the ordinary gabbro, is the uralitic con
dition of the pyroxpne, the pl'P:-:ence of biotite, which is rare in 
the orthoclase free forms of Irving, the pn'sence of apatite crys
tals, and the larger amount of titanic acid in thG magnetite, with 
the" leuco:s:ene" alteration. 

Dia7Zage. 

The diallage is colored hlack to greenish black. and has a 
lustre yarying" from vitreous to resmous. The grrenish color 
appears to be owing to an incipient alteration to hornblende; 
and when the change ha,; progressed far the mineral becomes of 
a greenish Lo browniRh black color and has both the fibrous 
structure and cleavage of amphibole, the rocks thus showing 
the characters of coarse· grained diorytes. Some biotite also 
appears in connectioll with the progressing alteration. 

MicroRcopically, cliallage is seen to be in irregular masses of a 
pale yellowish or greenish tillt, in the least altered state, but on 
the commencement of visible alteration it assumes a brownish 
color, and the usual inclusions of a dark brown to blue1\: color 
are seen. These inclusions appear in the Minnesota gabbros to 

:'= 1-1-001. ,Vise. 1880, iii, :2:2:~. 
G-eoL 'Vise. 1880, iii, 603, 622, G:!:1. 
Lithological Studies, 18-'-1·, pp. 79, ·SO, lSG, 187. 
Copper-bearing Rocks, lS8:~, pr. 50 1 ,51. 



always arise frolll tll(' alteration of Uw di,tllage aIHl are never 
primary; while in a large mrl:iority of cases they evidently are 
magnetit,e or menaccanite, * which has been precipit,atec1 (lnl'ing 
t,he changing process. Purther clmugp. in tlw (liallage 1l'l1ds to 
the macroscopicalmetalloifl :tppc:tmnce known as schillc1'ization; 
and when this change has bel'l1 earried ,;t,ill further, a strougly 
1ll:11'ked micaceons lamiuatioll :tpl/(':11's ill th{o diallage parallel 
to the basal pinaeoitl, whirl! causes the mineral to be often mis
taken microscopically for Illica. 

The relation of t,he ch':wage of diallage to that of augite is a 
nmtter of cow;;iderable illlportanee, sincc' 011 this turns all the 
di,stinet:ion between the gabbros aud cli.9'rmNs, e,xc-ept that part 
of the former are more coarsely crystall1'l:m~ttel'. 

Bischof early hdd that fliallage was fOl'mef1 from the :tltera· 
bon of augite. t Hoth also holds the same view and cbims that 
there is no e;,;sential clistillction between the two varieties of 
pyroxelle.t Rosenbusch says that a continuous series extends 
between tbe typical augite and the typical diallage, anel that in 
general no real distinction exists between these two varieties 
of pyroxene, gabbro being in substance only an appendix to the 
diabase roeks.§ • 

Hawes, after studying the New Hampshire rocks, stated: "The 
unessential nature of the distinction between diallage and 
augite, a,ncl the identification of all the intermediate structural 
varieties between the most typical specimens of t,he two miner
als, makes more forcible what was previously said in regard to 
this rock (p. H9), tbat when :strict rules are applied it can only 
be classified as a v,triety of diabase." II 

Irving uses t,he term" gabbro and diabase, olivine gabbro, 
aud oli dne-diabase, all free from orthoclase" to include the 
coarse grained basic rocks without distinction as to whether 
they carry diallage or rmgite, st,ating that" the distinction be
tween diallage and augite is a v'lJueless one, since not only are 
bot,h often found in the same section, but every gradation is 
founcl in rocks of this class from augite to dial1age." Irving 
groups the above rocks into one set, while under the coarse 

~; Rosenbllsch, :MikJ'os. Phys. 1885, j, 399. 
t Elements of Chemical and Physical Geology, l::Vio, ii, ~33, 334. 
t Cbelli, Geol., 1879, i, 10; see also Senft., Die Krys. Fel •. 1808, p, 669. 
e l\likros. Phys. 18;7, ii, 327-3:)0, 459-474. 
II Mill. Lith, N n" 187", pp, 166, 1G7. 
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grained rocks are also placed in distinct groups, orthoclase-bear
ing gabbro, bornblenue-gabbro, and anorthite rock. * 

A further iH'oof of the close relationship of augit,e is the case 
cited by Rut,ley, of specimens presented by him for examina
tion, both to Rosenbusch and Renard, who found themselves un
able to agree, one considering the mineral to be augit,e, and the 
other holding that it was diallage. -1-

Julian likewise holds that diallage results from the alteration 
of augite.t 

The S::tme view wa.s t<tken by Pumpelly at the same time.§ 
Judd has recently given quite a full discussion of the subject, 

st,atjng,that "both the green angites (diopside) and /;he black 
varieties (con:mon augite) of the vVestern Isles of Scotland are 
fouDd, when tnl,ced into t,he more deeply seated masses, to pass 
gradually into the' Schiller' varieties, known a.s diallage and 
pseudo hypersthene. That this is the result of a secondary 
mOllification, is proved by the fact that the alteration of the 
cr:!,stals is seen in mrtlly cases t,o be confined to their outer por
tions, so that a nucleus of ordinary augite is surrounded by a 
shell of di~tllage; in other cases the alteration of the augite into 
diallage is seen to take place aJoDg cr,leks, due to cleavage or 
other canses, which int.ersect the crystaJ; in other eases, again. 
the a.lteration into c1iallage is found to occur in irregulnr 
pa.tches within the augite, t,hongh the canse of t.he distribution 
of these altered patches may not he mallift'st. from a study of 
the thin section. Alt,hough the alteration of the augite may he 
set np along the cleavage-cracks of the crystals, yet the 
pOAit.ion of the brown iDelosLlres bears no relation. to the 
principal (prisma,tic) planes of clenvage in the mineral. 
On the contrary, the inclosures appeal' to be developed in 
pJanes parallel to the orthopinacoid plant's, in which only a 
very imperfect cleavage exists in angite. In the island of RulU, 
the augite, though exhibiting' the first traces of the d.evelop
ment of the Atructure, which is characteristic of diallage, is 
seldom so far altered as to deserve being called by t,hat DalUe 
In the larger igneous masses of Mull, the augite in all t,ile cell. 
tral portions is in the condition of (lialIage, as was pointed out 

,;: Copp~r-lJearing l{ocks, lS,c:.;~l pp. :3(',,37. 
t The Et'uptive Rocks or Brent Tor, 18i.), pp. 3)), 40 
t Geol. \Vise., 1880, i-ii. 2:3(5, 
~ Ibid D, 42. 



by Zil'kel. Between roeks in which the augite if:; I"lltirel.r Ull

altered, alllJ. those in which it, is completely tnmsformell into 
diallage, every possible transition lllay be found." ':' 

That the cleavage of diallage is congenital seems to t,he writer 
to be true for some cases, since he 11a,., observed it well developed 
in t,he diallage of met,eorites which showed no evidence of alter
ation. t 

But his investigations on the diallage bearing peridotytes con
vinced him that no ;'eal difference existeel between augite and 
diallagc but that the two formed a continuous series. t 

Besides the normal eliallage wit-h its original ele:1Vage, there oc
curs another form in -t,he ThIinnesota gabbros whose cleavage 
arises solely from alteration of distinct and well-marked ang'ites, 
thus confirming the view of those observers who have held that, 

_, dbllage is all alteration form of augite, i. e., t,his is true for dial
lage in part of its occurrences, but not for all. 

Fig. 1, Plate VII, illustrates the relation of t,he angite 
cleavage to the secondary cleavage of the (liallage. The augite 
cleavage runs lengthwise of the crystal or vertically in the figure, 
while the secondary eliallage deavage extends from lelt to right 
and right to left" extending inwards from the exterior, leaving 
patches of the unaltered angite inelnded. The a1t.eration to 
diallage is accompaniell by an entire ohliteration of the angitic 
01' longitudinal eleavage. The diallage itself passes into a vi1'i
dibc substance, which in its turn has passed into a brown horn
blende- the alteration bei ng seen to increa:,p in completeness a.s 
it is studied from tIle centre outwal'lls, as it began on the edges 
first. Although the clea,Yage of the dirLllage a.mI the fibrous 
structure of the viridite are arranged at right angles to the 
cleavage of the augite, the hornblende cleavage is pa,rallel with 
that of the augit0. Neither the diallage nor the hornblende cor
respond in orientation ",it,h the augite, yet the hornblende in the 
detached patches on both sides of t,he augit,e shows optically 
that it is the same crystal; thus indicating that had the alteration 
progressed to completeness there would h~we resulted a hOl1lo
.geneous brown hornblende individual. 

Fig. 2, Plate VI, shows the development of the di:tllage 
cleavag-e to sueh an extent as to produce schilleJ'ization, or a fib-

:1: Quart. JOll:'. Geol. Soc., 1885, pp. 3;8, 3i'!J. 
i- Lithological tittILlies, 1884, pp. 94-101; 11)7. 

t Ibid, p. Hi~J. 
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rous structure with clear intact patches. This dinllnge is evi
dently a secondary concretionary product in the rock, which 
lllineral shows subsequent alteration. 

Plate VII, Fig. 2, shows a core of diallnge surrounded by a 
greenish viridite which penetrates along the fissnrcs. The vir
illite on its exterior passes int,o a yellowish green hornblende. 

Plate VIII, Fig. 1, represents a c1iallage core which is llluch 
altered and surrounded by a green hornblende arising from the 
alteration of the diallage. Scales of this hornblende are abun· 
(]ant in the diallage core. This hornblende passes on the outer 
edge into a brown hornblende with the well-marked prismatic 
amphibole cleavage; it also passes into a reddish-brown biotite 
associated with magnetite and yellowish epidote. 

Plate I, Fig. 2, shO\ys at the Ttpper lert hand a diallage crystal 
partially altered and filled with secomhLry magnetite. The por
t,ion of diallage above that shown in the figure is relatively clear • 
and unaltered. but below the portion containing magnetite, it 
passes into chlorite, and the rock here has a radiated fibrous 
structure and possesses the characters of a chlorite schist bearing 
magnetite. 

Plate IV, Fig. 2, illustrates the formation of brown biotite 
in llialJage from the alt,eration of the dialla.gp, itself. This biotite 
is formed approximately along the fissure and cleavage planes 
of the ciiallage. 

Jll(hl apparent.ly looks upon schillerization as dependent upon 
aml (1118 to the (lepth of the rock during it,s solidification,* but 
this banlly seelllS correct for the cases observed in the Minnesota 
gahbros. 

The finc Striations described by -Williams,'r traversing irr'egu
lady crystals of c1inJlage,are doubtless produced the same as those 
obsen"ed Oil the biotite in SOllle of the }Iinnesota sections, i. e. 
by the pressnre and grooving produced by the corundum used in 
grinding the section, which changed the molecular condition 
along the groulHl lines. 

Amongst the alteration products of diallage observed by the 
"Titer in the Minnesota gabbros are viridite, chlorite, biotiter 

matte(l maSSes of actinolite and biotite, green and brown horn-
blell(le, magnetite, both in dust and needles, etc. 

qua t . .lour. Geol. Soc., 188.5, pp. 386-:389. 
t HldJ. L. S. tiE-oJ. Sur., 18-;6, p. 2'1. 



Similar alterations have been observed in the rocks of the 
Northwest, by Streng, Pumpelly, Irving, vVichmallll, vVright, 
and .Julian, From the alterat,jon of the di,tllag'e g'allbros paRR 
from the normal form into chlorite schiHts, dioryt,cH, and with 
alt.eration of other minerals in the rocks, i.nto syenytl's and horn
blende and biotit,e granites, gneiRseH, etc. 

Enstatite. 

Enstat,ite is not an abuml:lIlt mineral in the Minnesota gabbros 
studied by the writer, and its characters are best given by refer
ence to special cases. In the rock, No. 787, found on the south 
slope of the Mesabi range the enstatite is of a brownish color in
dicating the commencement of alteration, and which is further 
shown by the development i 11 it of fine smoky ferruginons bands 
which are p<H',)'lle(l to the princi pal clea.va.ge. The enstatite, as 
shown in Plate III, Fig. 1, is built out upon the olivine or forms 
a ring surrounding that mineral. Yet the enstatite but rarely 
corresponds with the olivine in optical orientation. 

In tlJe rock coming on the south shore of Little Lake, No. 692, 
the large irregnlar masses of c1iallage inclose rounded and irregu ... 
lar patclJes of enst~Ltite, as slJown in Fig. 2, Plate II. This: 
enstatite is cloudy from the secondary magnetite dust and needles 
developed in it. 

TlJe rock from the secoml island east, of Beaver bay, No. l:m, 
has as its pyroxellic constituellt a clm).)' pale brown enstatite, 
whieh is much fissured and, exeept optieally, is i(lentical with 
COlllmOl1 angite. It is in irregular masses eut by t.he fellispar' 
cryst,als. On its cdgc>s anrl tlJe horders of t,he fissure it shom,; 
the fillC parallel secomlal'Y cleavage of enstatite which is identi
cal with the s('condary diallage cleavage occlll'ing so cOlllwonly 
in the pyroxene of the ::'\Ii nnesot,a gabbros (see Plate If, Fig. 1.)-

The enstatite in a rock frOID Silver islet, No. 5H5, closely ap
proaches Judd's proto-brol1zit,e. TlJis enstatite is altered hoth 
to a dull dark green bastite, and to biotite. 

Although a few of the :;\1innesota gabbros have as their py
roxenic constituent enstatite alone, while others contain enstatit,e' 
in association with diallage, it lJas not seemed best to employ 
the term noryfte, whiclJ is now generally used for the enstatite 
bearing ?'abbros. TlJe reason is that the enstatite does not make 
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any essential differencc in the rock, thus rendering the flistinc
tion of nOl'yte from gabbro a purely microscopic~11 one, al~d in
troduces a term which only renders lithology just so much more 
of a stumbling block to geologists than she now is. .Judd's ob
servations, indeed, make it evident tha,t, in the fielrl there is no 
distinction between the norytes and gabbros, but that they are 
one and the Sf1Ule rock. Of course the petl'ogra,pher, who bases 
his divisions on a mineralogical Rystem, must, for consistency,_ 
use the term noryte, since the mineralogical composition of the 
rock has ch,mged, alt.hongh the rock itself ha,s not. The w['iter 
may be charged also with inconsist,ency in thus reject,ing 
the term noryte, when in the peridotytes he has not only adopted 
names based on the mineralogical clHlract,el's alone, but, even prot 
posed some. The reason for using those names, as explained in 
the" Lithological Studies." was to render the work as consonant 
as possible with t,hat of other petrogra.phers. and so the variety 
names were used, although looked upon as non-essential. Further, 
the nomenclature or t,he lwl'iilotyt,c'i W,1S microscopica.l, as it, had 
sprung up mainly since the use of the mi('roseope in lithology, 
and had passe(l int.o general use. while nOl1wnciature of t,he 

ebasaltic roeks is largely of olUer origin, and originally Imsed chiefly 
on physical characters, however much the mineralogical element 
may have been supposed to enter into t,he llames. Renee 
it would seem unneeet-;sary to infiiet upon the geologist. any 
greater lllultiplicity of names than absolutely neeessary, of forms 
having no macroscopie distilletiol1, in a group roeks in which 
the nomellelatnre is already so burdensome as it it'; in the basalts. 

Olivine. 

The olivine in the Minnesota. gahbros is clear or yellowiRh 
green in the unaltered condition, but, is largely altered to a dark 
reddish, brownish, or yellowish serpentine, and to dark brown 
to blaek ferruginous pl'Oc1uets. The comlllon mode of alteration 
of t,he oli\"ine has been often (lc~3cribed. Its serpBnt,intzation nsu
ally begi I1S alongt,he border ofthe fissures of theoli vine grain <end 
on its pt~riphery, forming on ertell edge a narrow band of serpentine 
(chrysotile) wit,h the fibres standing at right angles to the edge. 
As a further st,age in the alteration thel'e is formed inside of the 
<c.hrysot,ile bands an int.erior hanel of clear serpentine, containing 
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the remains of the unchanged olivine, which in its turn passses 
into serpentine. Oli vine crystals can usually be found in every 
stage of this alteration, while in many cases only one or two 
steps in the process are visible, the fissure lines and the last 
altering interior portions being only dist,inguishable by contrast 
in structure. Frequently magnetite is precipitat,ed in black 
bands or gains marking principally the fissure st,rncture, but 
,during the later process of alteration the magnetite is often dis
solved. In the extreme alterations all traces of the mode of for
ma.tion of the serpentine disappear, and the olivine pseudo 
mOl'ph becomes a homogen0ms serpentine or else the olivine is 
replaced by (juartz, calcite, limonite, ferrite, opacite, hematite, 
magnetite, etc., according to the conditions under which the 
alteration and replacement has proceeded. 

In one case a very peculiar form of alteration of oli vine to ser
pentine was observed. In the earlier stages black and brown 
plates and needles have separated out. These for the most part 
are arranged parallel to the macrocliagonai, although a few are at 
right angles to it. The olivine further shows two well marked 
cleavages corresponding to the. macro- and brachy-diagonals or 
to the arrangement of the schillerization plates, and the alteration 
is greatest as a rnle on the brachy-diagonal lines. Thus in the 
more highly altered olivines is presented an elongated crystal 
crossed by alternating bands of serpentine amI olivine. In some 
cases the alteration bands are parallel to the macrodiagonal, 
while in others the entire crystal is altered to fine parallel ser
pentine bands. See Plate VII, Fig. 2. 

The olivine in some of the forrellensteins of Minnesota shows a 
well marked pleocbroism, the colors varying from greenisb yel
low to yellowish brown, and reddish brown. 

In the coarser or more granitoid gabbros no uncbanged olivine 
bas been seen in the Minnesota roe-ks by the writer, and the llis
tiuguishable alteration forms in only a few cases, except in the 
forrellensteins, but in t.he finer grained gabbros olivine and its 
pseudomorphs are very common. 

Fig. 1, Plate V, shows the structure of the' nearly unaltered· 
olivine in the forrellenstein traversed by fissures and a few bands 

. of greenish serpentine. Fig. 2 of the same section shows the 
olivine altered to a reddish brown and yellowish serpentine ex
cepting numerous grains lying in tbe plexus of serpentine formed 
along the fissures and contours of the olivine. 
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Fig. L Plate III, incidentally shows the form of olivine aml 
its part,ial alteration in a Minnesota gabbro (olivine noryte). I 

Judd opposes the division of the gabbros into" olivine gabbros" 
and into" oli vine free gabbros" and the present writer would 
agree with him, for it is contrary to every principle of true 
science to define anything by 11'11((t it 'is not, as the terms" olivine 
free," "feldspar free," "qUCtl"tz free" do. Notermlsproper in 
any science unless it designates the thing that it is and not tIle 
t,hing it, is not; further, such terms are exceedingly awkward 
and do violence to the construction ofthe English language, how· 
ever proper they may be in the German. Judd states: "I hewe 
shown that in most cases where olivine is thought to be absent 
from these rocks it has really been altered into magnetite or ser· 
l)entine. I believe that all the gabbros in their unaJtered con
dition contained olivine, though in very varying proportions; 
and that in the few cases where we find a rock of this class in 
which olivine is not represented as an originaJ constituent it 
should be classed with the eucrytes."* 

The writ.er's experience agrees in a great measure with that of 
professor Judd, as in the Minnesota gabbros, in the more highly 
altered and more coarsely crystalline forms, but little olivine can 
be found, even recognizable by its pseudomorphs. This is what 
would naturaJly be expected since the olivine would be most 
readily obliterated in the coarsely crystalline rocks and would 
.have less llistinctive cont,onrs whereby its pseudomorphs might 
be distinguished. In the lwtjol'ity of the finer grained gabbros 
olivine 01' its lwuked alteraJion .forms are commonly seen until 
the rock a}temtion has proceeded to an extreme degref'. How· 
ever, the absence of olivine in tlw gabbros I would not in all 
cases attribute to alteration, but, to the local variations in the ba· 
saltic rocks the S3,me as the writer pointed out in lS79, incli
eating that olivine Illay not, be present, in a rock which is a gen
uille tert,ia,ry basalt, and from which the oli vine could not have 
been removell by alteration as the rock was unaltered. The ex
.planation of this variation in the presence of olivine naturally 
follows from the claim put fo~'th in that paper, and mentioned in 
this article, that olivine in almost every case, if not in everyone, 
was 1l0t the direct prolluct of crystallization froIll the basaltic 
.magma, but was a foreign mineral which had been more or less 

::, Quart. Jour. Ge01. Soc., 1886, p. 6:2. 
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dissolved by the corrosive action of the heated magma. This so
lution of the olivine material, when perfect, removed every trace 
{)f olivine from the rock. and every gradation was traeeu by the 
writer between that state and those in which the olivine was ex
ceedingly abn11dant. The evidence in beha,!f of this view was in 
part the rounded, gnawed, fractured, and penetrated forms of 
the olivine grains, their being blackened on the edges and 
rendered magnetic, by tracing the various stages until there 
was found to be only a few rl'mains of ferrite or opacite grains to 
indicate the disappeared oli,-ine, and lasny ty the fact. that the 
augite was in an inverse proportion to the olivine, and was so 
associated with it as to render it probable that the augite rest/It,
Bd from the crystallization of a portion of the olivine mat,erial 
united with the magma.* 

A still further reason for belie\ ing that olivine is not always a 
constituent, of terrestrial gabbros is the fact that it is not always 
present in the meteoric gabbros from which by no possibility 
could it have been rcmoved by alteration.-r 

I have discarded thc name of olivine gabbro all,l olil'ine free 
gabbro, not so much from the fact that, in many, if not in. 
most gabbros, the olivine free state is brought about by the 
replacement of the olivine by secondary products; but be
cause the presence or absence of the olivine makes uo esseutial 
differenee in the chart,er of the rock, and the distinction is a 
trivial one, unless the lithologist is working' from a purely min
eralogical standpoint. 

JJla [711 etit e. 

The magnetite often presents the vehret black color with the 
brilliant sub-metallic lustre characteristic of most mellacc~tnites 
.and some magnetites, and closely approaching that of chl'omite. t 

In local modifications of gabbro, the magnetite prellomillates 
to such an extent over the other minerals that it is mined 
as an iron ore. The qUH,lltit,y of this ore is very great, anLl a 
number of mines exist upon it at various localit,ies-the only 
apparent limit t,o its being extensively l1lil1f~d is owing to the 
titaniferous nature of the ore. Attention was called to the 

* On the Classification of Rocks, Bull. ~lus. Comp. Zool., IBi9, v, 2i8, 2iCI. 
-r Lithological Studies, 18~4. pp. 10G-:2nG . 
. t Lithological Studies, 1<::'84, pp. 178, 180. 
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ernpUve nature of these iron deposits by Prof. N. H. vViu
chell, in the annual report for 1881, page tiO: and later by 
Irving, in 1883, ill the" Copper-bearing Rocki>," page 51. Since 
thii> ore is simply a local modification of tht' eruptive gabbro, 
we haNe here at least an occurrence of eruptive iron ore, even 
if it has been strenuously denied that any iron ores of such an 
origin exists on the globe. 

The term magnetite is employed generally in this work for the 
iron ore, whether it is pure magnetite or titrwiferons beari ug mag
netite or menaceanite. These ores generally seem to be titanifer
ous magnetite,* the tiLrmiulll varying from ;), minute amount up 
to 12 per cent or higher. Hexagonal crystals of mellaccanite 
were seen by the writer, althongh they were evidently of sec
o11(lary origin in the rock, while he has obselTed considerable 
leucoxene in connection with the iron ore, particularly in the 
diabases. In some cases the iron ore forms bh1ck rectangular or 
oblique gmhng's in the leucoxene. having augles of 90 0 ,71 ° and 
10f)o approximately. l\fagnetite is cOlllmonly produced during 
the alteration of olivine, diallage, enstatite, and aug itt' ; and alsO 
from any of the iron-bearing minerals, when acted upon by the 
molten magma. The magnetite secreted during the' alteration 
of the minerals is later absorbed or united with other mineral mat
ter, or else hecomes aggregated into heaps of grains or into a 
crystalline grain or mass. JYIagnetite in partially altered rocks 
is otten surrounded by ferruginous mat,erial, or by clear fibrous 
polarizing substance, or more commonly by a deep reddish 
brown biotite. This biotite is evidently formed from the mag
netite withassoci<tted feldspathic material during the process of 
the aitera,t,ioll. More rarely the mineral associated with the 
magnetite, out of which the biotite is formed, is pyroxene. 

Attention was early called by Hawes to this association of 
biotite and magnetite, and one case was figured by him in his 
mineralogy and lithology of New Hampshire, 1878, page 205 
and Fig. 6, Plate XI. He stated that "almost everyone of the 
larger grains of the titanic or magnetic iron is sun-ollnded by 
folim of biotite ra(lirtl1y arranged in fan shapes, with the iron 
oxide as a nucleus. '" * ':' It is pmisible that the mica scales 
grouped themselves about the grain while the rock was plastic, 
or that they were formed there by a reaetion between the sili-

,: _-\nn. l!eport }fiUI1.) 1881, x' l 81; Copper-bearIng Rocks, 188a, pp. 41,42,51,52. 



cates and the iron oxide. This is no isolated OCCnrl'ellce. In 
our gabbro the biotite and iron oxide are almost al ways associat
ed, and I think that the mica was formed by a reaction in 
which the iron oxide took part, and therefore the minerals are 
thus associated." 

Attention was later called to the association of biotite with 
magnetite by Pumpelly* and Irving, t although neHh(~r offer 
any explanation of its origin. 

In 1884 the writer gave figures showing this association of 
'secondary biotite with magnetite in the Cumberlandyte or iron 
ore of Taberg, SweQ.en, and like formation of biotite in the 
Cumberlandyte from Rhode Island, was also pointed out.t 

Sometimes the magnetit.e is seen to oifer a base, or nncleus, 
about which the pyroxene has crystallized as a centre, Occasion
ally in t.he altered rocks ft is seen to be surrounded by pyrite, 
which also interpenetrates the fissures of the magnetite. 

Fig. 2, Plate I, shows the formation of secondary magne
tite ill pyroxene and in chlorite schist. Plate III, Figs. 1 and 
2 show the secomhtry biotite formed in connection with magne
tHe, while the same thing is shown on a brger scale in Plate VI, 
Fig. 1. Figs. 1 and 2, Plate X, show the formation of magl1f~
tite through the partial destruction of foreign hornblendes in 
andesite by Lhe molten magma .. 

Biotite. 

Biotite, so far as observed, is always a secondary or alteration 
proclu('t in t.he Minnesota gabbros. Its usual colors are green, 
yellowish brown or deep reddish brown, according to it.s st.age 
of alteration and the condit.ions under whieh it. has been formed, 
t.he darker color exist,ing part.icularly when well formed in asso
ciation with magnetite. It. exists in the gabbros in plates, scales, 
fibres, and in crystals showing cleavage and marked pleo
chroism. 

Secondary biotite often exists, forming a fibrous border or well 
defined scales or crystals about magnet.ite, to which attention has 
been more fully called uncleI' that mineral. 

Biotite is produced during the alterat.ion of the rhombic and 

* Geol. Wise. 1880, iii, 38. 
t Copper· bearing Rocks, 1883, p. 51. 
t Lithological Studies, 1884, pp, 77, 81; Plate II, Figs. :2 and 3. 
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monoclinic pyroxenes, feldspar, olivine, and hornblende, and is a 
common alteration product in the lVIinnesota gabbros. 

Some of the sections show in the biot,ite an irregular cross 
banding, cutting the cleflvage planes at a slight angle. It is in- . 
distinct in common light. 'rhe same indistinctness exists if t.he 
section is studied when placed right side up over the polarizer, 
but if the section is reversed, the banding is very distinct both 
in common light and when placed over the polarizer. 

Between crossed nicols the banding is clearly defined whether 
the section is placed right sid~ up or reversed, but in the first 
case it is when placed parallel to the plane of vibration of 
the lower nicol, and in the second case when at right angles 
to it. This striation structure is a~,tributed to the action of 
the corundum used in grinding the section, which has grooved 
the biotite and altered the molecular tension along the grooved 
Jines. This furrowing is upon the back or underside of the sec
tion. To the same grooving hy corundum is attributed the 
banding of t1iallage described by Williams, which is referred 
to uncleI' the head of that mineral (ante --, page &h 

Plate III, Fig. 2, shows the formation of biotite from the alter
ation of pyroxene. Fig. 1, of Plate IV, shows, on the lower right 
hand, a secondary biotite formed by the alteration of the py
roxene grains in the section. Fig. 2 of the same plate shows the 
formation of biotite along the fissures and cleavage planes of 
di~l11age. The formation of secondary biotite in connection with 
secondary hornblende is shown in Fig. 1, Plate VIII. 

Biotite was also observed in the feldspar of the lVIinnesot,a 
rocks forming thin plates and needles arranged parallel to the 
twinning and other crystallographic planes. rrhe mode of occur
rence is much like that seen in aventllrine feldspar. 

HOl'nulenclc. 

All the hornblende seen in the gabbros of the Northwest is 
believed by the author to be secondary, as he has generally 
claimed it to be in the majority of cases in the basic rocks which 
he bas studied since he cOlllmenced his petrographical work. In 
color, it varies from a light or yellowish green to a dark brown 
or yellowish brown- the darker stages being simply the more 
perfected condition of the greener or l1ralitic stage. 

I The production of the horllblende from pyroxene has been 
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figured in a number of plates in this work and attention called 
to the occurences under the head of dialla.ge, to which the reader 
is referred. 

Qll(lr(,z. 

This mineral is very abundant in many of the gabbro rocks of 
Minnesota, but always of' a secondary origin, arising chiefly from 
t,he alteration of the groundmass and feldspar, and less frequetltly' 
from the pyroxene. In t,he earlier stages of alter:1tion of the 
groundmass or feldspar there arises a confused mass of viridite,
ferrite, magnetite, quartz grains, feldspathic material, etc. As 
this alteration progresses the tendency is to assume a radiated' 
fibrous structure or else an imperfect graphic form. Further 
changes in the rock results in the quartz taking i1POll itself a 
true graphic form, the same as that seen in graphic granite" 
while in still further changes the quartz is in rounded or it'r~gu,' 
lar forms in the midst of the altered reddish·brown feldspathic 
material. The pyroxenic element in the meanwhile has been 
altered to biotite and hornblende; and in different specimens, 
according to the grade and character of the alteration of the 
rock, there are produced rocks that are variously styled by litho· 
logists, ql1artz·dioryte, auglte·quartz-dioryte, syenyte, augite· 
syenyte, biotite or hornblende granite, etc. 

The same alteration has taken place in rocks of a more acidic 
character. Attention was first called to this alt,eration in the 
Lake Superior rocks by the present writer * and the same struc· 
ture has been described and figured by Irving. i' These detached 
graphic grains of quartz often polarize as one individual, which 
individual, in the cases seen by me, is not confined to a single 
altered feldspar cryst,al as stated by Irving (1. c. p. 113). 

From the observations made by myself there appears to be but 
little doubt that all of Irving's augite syenytes are SimplY-altered 
forms of basaltic rocks, which have been formed by the process 
of alteration above referred to, and probably some of his sup
posed more acidic rocks fall in the same list. 

Fluid cavities with moving bubbles as well as microlites are 
seen in the secondary quartz of these altered gabbros. In like 

'" Geology of the Iron and Copper Districts of Lake Superior, 1880. pp. In-l~2; LHhoiogk:al 

Studies, 1884, p. 173. 
t Copper·bearing Rocks, 1883, pp. 94-124. 
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manner these fluid cavities with moving bU'bbles are abundant 
in the veinstone quartz described under the anc1esitic porodytes, 
showing that the fluid cavities are plainly of secondary origin 
in the rocks. * 

The secondary origin of trichites, magnetite, biotite, etc., 
in quartz is likewise shown by their occurence in this alteration 
quartz. The inclusions, especially fluidal ones~ are generally 
arranged along mended fissure lines in much of the original 
quartz. Besides the quartz described above of secondary orgin, 
I have collected evidence for a number of years showing that part 
of the corroded and fissured quart,z, penetrated by the ground· 
mass in quartz porphyry, is not foreign, as I formerly supposed 
it to be, but that it has been formed in the rock as an alteration 
product subsequent to the solidification of the rock, and is due 
to the migrat,ion and aggregation of t,he iSilica set free during the 
alteration of the rock and its groundmass-the gruundmass be
ing included during the crystalizat,ion of the silica, aI', when the 
process was not complete, left as interpenetrating tongues. 

This statement of course does not apply to the quart,z of mod
ern rhyolytes, or to the majorit,y of that found in the old forms 
of rhyolyte. 

The secondary quartz formed in the 1\iinnesota gabbros is 
shown about the hornblende in Fig. 2, Pla.te VII, while the 
graphic and granitoid !3trndure are given in the two figures of 
Plate IX. The replacement of feldspar by quartz with the re
tention of t,he plagioclastic striation is shown in Fig. 2, Plate 
VIII. 

Apatite. 

This mineral is found in microlites and long needle-like crys
tals. It is however observed chiefly in the alt,ered coarser or 
granitoid gabbros, and is to be found in the secondary quartz, 
hornblende, and feldspar as well as peuetratini-' the altered 
groundmass and partially altered feldspar. This mode of occur
ence, with the increasing abundance in proportion to the altera
tion of the rock, and its being found in known secondary miner
als like qu~,rtz, indicates that in the majority of its occurences, if 

* Voge1sang, Philosophie der Geoiogie, p. 155; Julian, Am. Quart. }.:1icroscopical Jour. 1879 
i, 103-11;3; 'Yaclswortb, Geology of the Iron and Copper Districts of Lake Superior, 1880, pp: 
51,54; Lithological Stuuies, 1:384, p. 46. 
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not in all, it is a product of alteration in the rock awl due to the 
aggregation of the phospha.te of lime in the rock lluring the gen
eral process of the rock alteration. 

11Iinol' JYIinemls. 

Chlorite is a common product in the alteration of t.he Minne
sota rocks, particularly of the more compact forms. By its 
production the rocks pass into forms known as chlorite schists 
(Fig. 2, Plate 1.) It occurs mainly l!l pale greenish scales 
from the alteration of gTOlJll(lmass,t'eldspar. and pyroxence. 
Viridite is a term employed by many lithologists to indicate 
the indeterminable greenish product of alteration of rocks
base, groundmass, feldspar, and pyroxene. It simply marks 
a stage in the alteration process, I1nd when the alteration 
is further completed the viridite crYf't.!1llizes as chlorite, biotite. 
hornblende, etc., as the case may be.l'he so-called chlorite it
self is often only a stage in the process of mineral alteration, 
which in the end results in SOUle other mineral. 

Epidote in rocks is always a secondary product, largely from 
the feldspar, but also from the alteration of pyroxene itnd horn
blende minerals. It is commonly associated with secondary 
quartz, chlorite, biotite, or hornblende. 

Tourmaline is of a rare occurrence in the Minnesota rocks stud
ied here, but has been found in radiated crystals of yellowish or 
bluish color. 

Calcite, as a secondary product, occurs in some of the altered 
granitoid gabbros; it contains in its midst crystals of secondary 
quartz. 

Mnscovite, or some of its hydrous forms, occurs commonly in 
the Minnesota rocks as a secondary product formed during the 
alteration of the feldspar. 

Titanite and pyrit.e are common as secondary products in 
the aIt.ered rocks, both in some part being formed by alteration 
of the magnetite, as well as by the alteration of other minerals. 

SPECIAL DESCRIP nONS. 

696. Nor·th shore of ]J:[ayhew lake, S. E .. L Sec. 36, T. 65, ~. 3 TV. 

A coarsely crystalline gray rock, COml)Osed chiefly of plates of 
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gray feldspar holding feebly magnetic iron ore, biotite, etc. 
Under t,he microscope it is seen to be composed principally of 
plagioclase, diallage, and titaniferous magnetite. A little un
striated feldspar was observed. The diallage is of a brownish 
color and somewhat altered, in places passing into viridite. A 
very lIttle biotite of secondary origin was seen in association 
with the diallage and magnetite. The feldspar is somewhat 
altered to the common grayish-white white product of its change 

, (kaolin~) but still retains Hs plagioclastic character strongly 
marked by its broad polarization bands. 

133. fSeconclisZ(1):d east of Beavel' bay. 
:k~,-ti" L,I, 'S, I~I"\'«'",:\ :ran ~(--1( 

The section is granitoid in structnre and composed of plagio-
clase, enstatite, magnetite, yellowish-brown olivine pseudo
morphs, and viridite. The enstatite is of a clear pale brown color. 
It is much fissured and in common light identical with augite. 
It is in irregular masses which in most cases show on t,he edges 
and sometimes through the entire mass, t,he fine parallel second
ary cleavage of enstatite, which here is identical with that of 
diallage. This cleavage in eyery enstatite grain lies parallel to 
that of every other grain in the section, or at least so near t,hat 
any difference was not observed. Further, every enstatite mass 
in the sectioll extinguishes at the same point, i. e., when the -
secondary cleavage is parallel to t,he plane of yibration. The 
feldspar in the main is clear but in places contains much viri
dite, part of which shows a sphe-rulitic structure. 

Fig. 1, Plate II shows the general character of the augitic
looking enstatite. It is clear in the main portion but traversed 
by fissures, along which is shown a fine parallel fibrous or cleav
age structure arising from alteration. The feldspar shown in 
the upper portion of the fignre cut.s t,he enstat.ite which is of a 
later crystallization. 

706. §Iayhew lake. 

Has the gabbro in contact with a fine reddish graitoid rock 
and is a type similar similar to No. 696, but is more altered. 

702. JJIayhew lake, 

Is a coarsely crystalline rock, with its cliallage much altered, 
and h.Ying in places the clea,'age of hornblende. The plagio-
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clase shows a gray to a milky white color. In the section the 
diallage is seen to be much alt,ered., showing a grating structure. 
This strncture d.oes not seem to be due to the appearanee in the 
mineral of secondary ferruginous products but rather to an ab
normal development of the cleavage phtnes - particubrly along 
the line of principal cleavage. The dittllage is altered partly to 
greenish and partly to brownish hornblende. The feldspar is 
considerably altered and kaolinized. It contains secondary 
chlorite. 

77:3. Frog Rock ?'icer. 

A coarsely cryst,alline dark or brownish gray granitoid rock 
somewhat resembling No. 696. 

Its pyroxine constituent is seen under the microscope to he 
altered to viridite and a greenish and brownish biotite. The 
plagioclase is somewhat changed and contains secondary ortho
clase, quartz, mica scales, etc. 

In one port.ion a pyroxene, in a triangu lar mass, is seen remai n
ing as pyroxene in one part an([ altered to a greenish brown bio
tite carrying magnetite in another portion of the same mass. 

A radiated group of epidote cry:ct:ll,: was observed in the sec
tion. 

Plate IV, Fig. 3, shows tlw [dation of the biotite formed from 
the alteration of the diallage. It extemls along the cleavage and 
fissure lines with portions of the unchanged pyroxene bet,,-een. 
The whole is surrounded by somewhat kaolinized feldspars bear
ing biotite. 

'713. North shore of Tuckel' lake. 

Is a coarsely crystalline rock, darker gray lwt much like No. 
773. As seen under the microscope, its pyroxenic constitnent is 
diallage and some probable augite. The pyroxene i" in part 
al1zered to biotit.e, actinolite, and chlorite. The feldsl)<ll' is also 
much changed and replaced by seeondary minerals snch as 
{{uartz, orthoclase, chlorite, etc. Some portions of the 8ection 
possess the characters of a schistose l'Ock as the result of its alter
ation. This is shown in Plate 1, Fig. 2. In the upper left hand 
portion a pyroxene crystal is figured, showing the precipitation 
of magnetite as part of the alteration process. The diallage also 
contains chloritic material and passes at the lower end into a 
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chloritic mass, while around this lower portion is a heard:of mag
netite arranged as it would be 011 the pole of a bar magnet,. The 
upper portion ot the din,llage, not shown in the figure, is but little 
altered. The section below is composed of quartz and radiating 
fibres of chlorite, all bearing magnetite of secondary origin, giv
ing to the rock the charaders of a chlorite schist. 

699. North shoJ'e of JIayhew lake. 

Is also a ('oar8e1y crystalline granitoid rock in which brownish 
amI whitish feldspar plates predominate. Under the microscope, 
part of the c1iallage is seen to have been changed to green horn
blemle, while a border of secondary biotite was observed to ex
tend along some of the diallage crystals. 

769. Northwest end of Little 8aganaga. 

Is a brownish gray coarsely crystalline rock like the preceed
ing. In the thin section the rock is seen to be somewhat. altered 
while it has its plagioclase filled with the brownish needles and 
glolmlites so commonly seen in the feldspars of gabbros. These~ 

as usual, are arranged along cleavage planes, one well marked 
arrangement being parallel to the polysynthetic twinning planes, 
although one crystal was observed in which no microlites were 
seen, whose l)osit.ion corresponcled to the striation lines, but all 
cut these lines at a small ang'le. 

701. NOJ'th shore of JIayltew lake. 

Is a greenish gmy rock, more altered than the preceeding (No. 
769) and contains biot,ite and hornblende, or at least a green and 
black mineral with the amphibole cleavage. In the thin section 
the pyroxene appears to have been principally altered to a fine 
matted mass of actinolite fibres and to biotite; but the plagio
clase has suffered less change than would naturally be supposed 
from the amount of alteration in the pyroxene. Considerable 
biotite of a secondary origin is to be seen fringing the magnetite 
grains. The usual needles and inclusions common in the feld
spar of gabbros occnr here in a manner that indicates that they 
are t.he resnlt, of the commencement of t.he plagioelastic altera
tion rather than original forms. 



1. Duluth. (N. lV. ~, Sec. 3J.) 

A coarsely crystalline variable roclL Part is colored brown
ish gray to a greenish gray owing to the color of t.he feldspar, 
which mineral comprises nearly all of the rock. 'l'his feldspar 

• has in places on its fresh fracture a. color and lustre closely like 
t.hat. of elmolite. In places t.he feldspar is so changed as to pre
sent a grayish white or pinkish color, and is associated with 
secondary epidote. The rock also contains, in subordinate quan
tities, magnet,ite, amphibole, and chalcopyrite. Other specimens 
are less coarsely cryst,alline alld the white and pinkish alteration 
of t·he feldspar becomes more strollgly marked, while the yellow
ish green epidote forms conspicuous segregat,ions. This alteration 
shows a central mass of epidote, then a band of grayish white 
feldspar surrounded by a narrow border of reddish or pinkish 
fel~spar. Ontside of this an indefinite irregular brownish gray 
discoloration of the rock extends. Sometimes the different color
ed feld-spars are irregularly intermingled. 

1 A is the same rock but was taken from a point further to. 
the northeast. In this, nearly the entire rock has partaken in 
the grayish white and reddish alteration of the feldspar, with 
the segregation of epidote, thus giving to the rock an appear
ance closely resembling some coarsely cryst,alline horublendic 
granites, hence the common name of "Rice Point granite." 

1 C belongs to No.1, but is finer grained, has a higher spec
ific gravity, and contains abundant magnetite. Its color is gray
ish black and is a portion of the gabbro mined for its iron ore 
at the Duluth iron mine. 

~ 

1 D is a more highly altered condition of No.1, and occurs 
in masses showing the well-known boulder or spheroidal decolll
position. It is of a reddish and grayish white color, owing to 
the color of the altered feldspar, and contains much epidote and 
some quartz as secondary products. 

1 E is a nodule of brownish gray feldspar crystals containing 
epidote. 

Under the microscope the thin sections possess the following 
characters: The sect,ions of No.1 are mostly feldspar, which, 
tested by the Levy-Pnmpellymethod, * gives angles of 13° to HQ 
and therefore would be classed as labradorite. It contains nu-

"Lithological Studie,. 1884 Pl'. 40-41. 

10 
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merous tubular cavities arranged parallel to the twinning planes, 
also many glass and other inclusions. The feldspar is s?mewhat 
altered and cloudy, some of the sections having suffered greatly. 

Included in the feldspar is magnetite, chlorite, viridite, ural
jte, quartz, and diallage closely approaching augite. The di
allage is in places altered to Ul'alite, ete. 

A few globular aggregately polarizing green masses, contain- • 
ing more or less magnetite, appear to be pseudQmorphs after 
.olivine grains. In one section the diallage has been entirely alter
ed to a green fibrous amphibole. 

1 A has its feldspar but little altered; this shows, by the Levy
Pumpelly method, angles of 18° to 20°, and therefore probably 
labradorite. It is twinned partially by the albite and peri cline 
law. The diallage is somewhat altered but shows plainly the 
diallage structure. In places it has been altered to a mass of 
pale greenish and colorless fibres of actinolite. A similar alier
ation of diallage has been observed by Pumpelly. * 

1 E is composed chiefly of large, lath-8haped plagioclase 
crystals more or less kaolinized, and inclosing magnetite, epidote, 
,quartz, and the greenish alteration pro(lncts of diallage. 

Analysis was made by Prof. J. A. Dodge, of the' feldspar of 
No.1, with the following resull;: 

Si O2 ..................................................................................... .49.78 

AF1" 003} ...................................................... , ............................ 32.3fj 
t'2 3 

Ca 0 ....................................................................................... 11.55 
lIfg 0 ........................................................................................ 1.3:J 
K. ° .................................................................................... 0.41 
Na 2 ° ................. , .... , .............................................................. 3.30 
H 2 0 .......................................................... , ........................... 1.83 

100.7(j 
Of this analysis Prof. Dodge states: 
"The feldspathic portion was selected (by mechanieal mealls) 

as clean as possible," but it was not wholly unmixed with the 
other -constituents of the rock. t 

This analysis, as well as the optical charact,ers, indicate that 
the feldspar is labradoriLe~ 

A complete analysis waS also made of the roek as a whole by 
professor Dodge, with the following result: 

*Geol. of "Visc., 1880, iii, 39,182. 
t Ann. Report lIIiDn., 1881, 18S1, x. 20~. 
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No. 1. Sp. Gr. 2.79, 2,802. 

RiO ................................................................................... : ..... ,,0.4:1 
A1 20 3 ...................................................................................... ::J:1.H:3 
Te 2 0 .................................................................................... 17.0:-) 
TiO z ....................................................................................... tl(l('e 

CaO ........................................................................................ 4.78 
Mg 0 ...... : .............................................................................. 2.46 
K2 0· ........ · ............................................................................. 0.22 
Na,O ....................................................................................... 1.(j(j . 

98.6:l 

689. Cross Zakp. 

Is a gray crystalline rock with its feldspar turned chiefly to a 
gray or pink color. Under the microscope the feldspar is seen 
to be in lath-shaped crystals with triangular interspaces contain
ing magnetite, viridite, etc. The feldspar is much altpl'ed and 
filled with kaolin and micaceous seales; but in plaees it is clear, 
showing the polysynthetic twinning of plag·ioclase. Some sec
ondary quartz and feldspar occnr, and the pyroxenic constituent 
is replaced by viric1ite. 

721. Between Gnn;ffint and Loon lakes. 

A. dark green section, composed of partially altered aUl:,ite, 
diallage, feldspar, magnetite, and secondary quartz, biotite, 
hornblende, viridit.e, and apatite. The section is stained in 
places yellowish from ferric oxille. The pyroxene is altered 
along its edges and even often throughout its interior to viri
dite, biotite, and hornblende (both green and brown). The al!,er
ation extends generally along the cleavage planes, which in the 
diallage appear to be produced from a change in the common 
augite. The feldspar is kaolinized aud contains quartz and 
other secondary minerals. The rock, mineralogically, could well 
be pronounced a hornblende-biotite-granite bearing accessory 
pyroxene, although it is evidently an altered basalt of the gab
bro or diabase type. 

772. Ea.st and West lake. 

Is a very coarsely crystalline rock, maoroscopically composed 
of feldspar, hornblende, biotite, quartz, and magnetite. The 
section shows a partially altered plagioclase, biotite, quartz, 
viridite, and magnetite. Of these the quartz, biotite, and viri-
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elite are seeondary or alteration produets. Another seetion 
shows some diaUage, with green and brown hornblende and 
biotite as associated alteration products of the diallage. ' The 
section eont,ains seeonelary quartz anel titanite, aud mueh of the 
rock is a typieal qmLrtz-dioryt,e formed by the alteration of a 
gabbro. 

670. One fourth mile sonth of Lake Abita. 

It is a rnsty brown eoarsely erystalline rock, cliseolored by sur
frtce weathering. Compc!sed, maeroseopically, chiefly of brown
ish ferruginou8 stained feldsp;1,rs and dark silicates traversed by 
hexagonal apat.it,e needles. 

The section is composc;d of feldspar (plagioclase chiefly) pyrox
ene, secondary horn blende, and magnetite. lVluch limonite oc
curs, lining t,he fissures and staining t.he feldspars. The pyroxene 
is brownish a,nd has the charaeteristic fractures and general char
acters of augite, but in portions of its mass the structure of dial
lage is clearly to be observed. as a secondary structure arising 
throngh the alteration of the augit.e. 

126. Black beach, lake 8nperiol', neal' Beaver bay. 

A coarsely eryst,alline clark gray rock, composed of feldspar of 
a gray or reddish color, black diallage, as well as that showing 
the sehillerization of bronzite and magnetit.e. 

In the section the feldspar is seen to be considerably altered, 
but much of it shows polysynthetie twinning aeeonling to the al
bite and perieline laws. Quite an alllount of pla.gioelase of sec
ondary origin was observed. The c1iallage is of a pale yellowish 
brown color, when clear, and mueh like that of No. 221, Imt ithas 
been largely altered t.o a dirt,y green fibrous product, arranged 
parallt'l to the basal pinacoicl. In places the groundmass ha..'l 
been altered to a confused mass of viriclite, a rusty brown fibrous 
produet, quartz, etc. The association of the quartz and rusty 
fibers give rise to the beginning of a struct.ure, which, when 
continued, produces the graphic granite or eozoi::in structure ob
served by the writer* in the rocks of Keweenaw point and else
where, which strueture was later studied and figured by Irving. t 

In this altered groundmass occur dirty green psenilomorphs 
after lliaUage and some possibly after olivine. 

~: Bull. Mus. Compo Zoo1., 1880, vii, 11;3~1'20; Lithologica1 Studies, 1884, p. 173. 
i- ('opper-bearing Rocks, lBS3, pp. 112- 24. 
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The secondary feldspar is very cL:ar and contains lllllnerOtlS 
microlites, which can be seen in other portions of the seetion. 

No. 222. East oj BI"ule l"it'er. 

Is a rock of the same character except that the fleLillerizatioll 
{)f the diallage has proceedefl. much further, caufling it to easily 
cleave into micaceous looking plates parallel to the ba.sal pilla· 
coid, while much secondary quartz and viridite are to be seell. 

One strange form occurring in this rock is shown in Fig. 2, 
Plate VI. At the right toward the bottom of the figure is a 
secondary plagioclase feldspar containing magnetite grallules 
and some dust of the altered rock material. This serves as a 
nucleus about which is arranged, with a somewhat radiated 
structure, a grayish-brown irregnlar mixture of altered rock 
material, ferrite, kaolin, fibrous matter, viridite, magnetite, 
much quartz, et,c. It also contains clear colorless patches of 
quartz holdiug a little magnetite alldmicrolites. Surrounding 
this is a grayish brown horder of secondary cliallage showing for 
the most part, a radiated fibl'onF4 structure. The fibrous structure 
or schillerization was produced by alteration and those portions 
{)f the diallage which haye it are stained gray, yellowish, green
ish, reddiBh or brownish as the ease may be. Some portions of 
the diallage show no trace of t.he fibrous strncture or cleavage 
and are pract.ically unaltered. The irregular whitish patch at, 
the bottom and left of the figure is plagioclastic feldspar con
taining viridite, kaolin, magnetite, etc. Large masses of mag
netit.e occur and are shown in the figure. 

121. East oj Brule riuer. 

Has a section of a c1iabasie character: lath-shaped plagioclase 
crystals with much augite and a little olivine, mainly altered to 
a dark reddish and yellowish brown serpentine. Besides t.hese 
there occur magnetite and greenish chloritic secondary products. 
This is placed wit,h the gabbros on account of the deyelopment 
in the augit,e, by alteration, of the common dinJlage cleavage. 

759. M01lntctin south oj Ogishkie JJiuncie lake. 

A grayish green coarsely crystalline rock, composed of feld
.spar, hornblende, and magnetite. 
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In the section the rock is seen to be greatly altered, retaining 
no t,race of diallage, the pyrO'Xenic constituent being replaced 
by a green fibrous hornblende. The feldspar retains it,s plagio
clastic characters in places only, and it has largely been filled 
with secondary quartz and orthoclase. 

64-8. N. W. cor. T. 62, 2 E. 

Is a coarsely cryst,alline dark dioritic rock, macroscopically 
composed of reddish or grayish felc1spar, magnetite, diallage and 
hornblende. 

Under the microscope it is seen to have its diaUage partially 
altered to chlorite, biotite, magnetite, green and brown horn
blende, etc. The apatite crystals have also been changed to a· 
greenish viriditic substance, while much secondary quartz, part 
of which has the graphic form, is to be observed in the altered 
feldspar. Secondary apatite en microlites are abundant. 

672. Hill neal' smtih shore of lake Abita. 

Is a coarsely crystalline rock, of a dark grayish brown color 
and composed of reddish and gray feldspar, magnet,it,e, diallage, 
and hornblende. 

The section is composed of partially altered plagiocla&:e, par
tially changed &J diallage, magnetite, and secondary hornblende. 
Considerable secondary eozoon or graphic quartz was observed 
in the feldspathic material giving the rock there the structurp. of 
a graphic granit,e. Some pyrite occurs associated with the mag
netite which, in places, is surrounded and penetrated by the 
pyrite. Considerable apatit,e was observed in the section. 

64:9. Sec. 36, T. 63. 1 E. 

Is a reddish crystalline rock composed of predominating red
dish feldspars with some grayish ones, and hornblende and mag
netite. 

In the section t,he feldspars are seen to be greatly altered, the 
grayish ones retaining, however, their outlines, but showing prin
cipally aggn'gate polarization. "lUnch of the section is now a 
reddish brown fibrous mass with irregular secondary quartz 
lllasses scattered t,hrongh it.. The diallage has been mostly a.l
tered to a greenish chloritic mass and to a yellowish brown fibrous 
material, which sometimes extinguishes parallel to the inclosed 
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diallage remains, and at others has a separate plane of extinction. 
Apatite in well marked crystals is abundunt . . 
156. East of Bapti.snL riveI'. 

A disintegrating crumbling rock, coarsely crystalline and of a. 
reddish color. Composed macroscopically of reddish and gray· 
ish feldspar, magnet.ite, diallage sometimes showing schilleriza· 
tion, aud biotite. 

The section is composed of reddish brown and gray feldspars 
and magnetite. The feldspars are all altered and kaolinized and 
partially replaced by quartz, etc. 

Anulysis of this rock, made ty Profs. J. A. Dodge and C. F. 
Sideuer, gave the following result: . 

SiO~ ....................................................................................... 50.86 
AI 2 0 3 ..................................................................................... 15.7~ 

Fe 2 0 3 ..................................................................................... 9.77 
FeO ....................................................................................... 2.48 
CaO ........................................................................................ 10.52 
MgO ..................................................................................... 3.5.5 
Na 2 0 .................................................................................. 3.89 
K2 0 ........... ; .......... : ................................................................ 0.90 
H 2 0 ........................................ I!' .............................................. 2 . .53 

100.22 

The aualysis was made at my request for the purpose of ascer
taining if so great an alteration ma(le any essential difference in 
the chemical coustitution of the gabbros, with the result that it 
did not in this case. 

644. T. 62 N. 1 E. 

A coarsely crystalline granitoid rock, of a pale reddish brown 
color, and composed of flesh colored feldspars, magnetite, horn· 
blende, quartz, and apatite. 

In the section the feldspars are seen to be much altered show
ing aggregate polarization, while much of the area is taken up 
by the graphic arraugement of secondary quartz in a feldspathic 
groundmass. Considerable augite with some diallage was ob
served. The latter is largely altered to a greenish brown fibrous 
product, which retains the extinction point of the remaining 
di all age. Part of the augite shows the common prismatic cleav-
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age but in other portions of t,]Je same crystal the fibrous alter
ation of the diallage :is to be seen, thus supporting the views of 
those authors who hold that diallage is derived in pal't at least 
from the alteration of augite, (ante, page ~)~'l Apatite and mag
netite are common and some biotite was observed. 

From this section and others obsenTed the writer has but little 
doubt that most, if not all, of Irving's augite syenytes are altered 
conditions of gabbro and diabase the same as t,his rock is. This 
view Irving's language would indicate he partially shared. * 

300. S. r1': t Sec. 30, T. 65, 3 E. 

A dark grayish brown crystalline rock, showing the action of 
weathering and composed of feldspar, magnetite, apatite needles, 
and dark silicates. 

The section is composed of feldspar, pyroxene, quartz, horn
blende, viridite, apatite, and magnet,ite. The feldspar has been 
kaolinized and filled with scales, and granules, as well as partly 
replaced by secondary feldspar and quartz. The plagioclastic 
twinning is still visible in some of the altered feldspars as well as 
in some of the secondary ones. The quartz is arranged in the 
graphic or eozoon form in the }faolinized feldspar and some 
times with the viridite. The pyroxene apparently lies between 
diallage and augite, but nearer the latter. It is altered to diallage 
which passes into a dirty, yellowish brown viridite, which ex
tends across the longitudinal cleavage_ 

The viril1ite, on its edges, has passed in places int,o hornblende 
and while the stnlCtural lines of the c1iaUage and viridite are 
perpendicular t,o the augite cleavage, the cleavage lines of the 
hornblende coincide with the prismatic cleavages of the py
roxene. Neither of these secondary products agree in orienta
tion with the pyroxene, aJt.hough the widely separated parts of 
the hornblende do agree among themselves. The apatite needles 
are found to extend through the altereu and seconclal'Y feldspa,r, 
quartz, and viridite, and thus these needles are known to be of 
secondary origin themselves. 

Plate VII, Fig. 1 shows t,he structure of the augite and its 
ait,erations described. above. 

* Copper. hearing Rocks, 1883, pp. 112-124. 
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26:3. lVunswangoninlJ bay. 

A dark grayish and reddish browll crystalline rock, composed 
macroscopically of reddish and gra.yish feldspar, pyroxene, horn
blende, biotite, magnetite, quart,z, and calcite. 

The section has its pyroxene largely alterell to biotite, horn
blende, and viridite. nluch secondary feldspar of a plagioclase 
type occurs, but the primary felLlspar appears to have been 
largely, if not, entirely, replaced by the graphic or eozoi)n 
quartz, and fibrous kaolinizccl feldspathic material. Secondary 
quartz in irregular grains, besides tIlE' graphic form, is quite 
abundant, while both the ql).artz and feldspar are filled with mi
crolites (apatit,e?) 

Plate VII, Fig. ~,shows the structure of one of the altered 
diallage crystals. The diallage is in the form of a core sur_ 
rounded and penetrat,ed by a, greenish viridite which t.nwerses 
the irregular cracks of the diallage. The viridite passes on its 
outer edge into a gL'cenish hornblende which is the second step 
in the diaUage alteration. Apatite and magnetite are common, 
and some biotite was observed. 

Fig. 1, Plate IX indicates the graphic or eOZOGn stage in 
the alteration of this rock, while Fig. ~ of the same plate 
shows a more highly altered or a biotit.e-hornblende-granite 
form. The quartz contains microlites and fluid cavities. 

2"~ . ""t). East point of Dmtble bay. 

Is a rock almost identical with ~63 except that no calcite mlS 

seen in it. 

675. Brule lJl{t. 

Is a reddish brown . rock, somewhat, finer in its crystalline 
structure than the two preceeding, but otherwise similar. 

292. North side of Pigeon point peninsula. 

A reddish granitoid rock,composec1 of reddish feldspar, hiotite, 
q nartz, magnetite, and calcite. The thin section is made up 
principally of feldspar, quartz, pyrite, biotite, apatite, chlorite, 
and magnetite. The feldspar is kaolinized and stained with 
ferric oxide. 'While from the structure of the crystals hut little 
doubt exists that they were originally plagioclase, no proof that 

11 



such was the case, was obtained. The quartz is ill irregular 
masses in the section, but ill the hand section in connec· 
t,ion with the calcite it is seen in distinct crystals. It con
tains numerous fluid cavities with moving bubbles and also 
microlites. The latter show frequently the hexagonal form and 
common st,rnctnre of apatite. That the (1uartz is all secondary 
in the section is told by its possessing the same eoz06n or graphic 
structure in places that the seeondary quartz of other rocks does, 
also by its replacement in part, of the substance of feldspar crys
tals, whose outlines yet remain distinct. From this it follows 
that bot,h the fluid inclusions and microlites are of subsequent 
origin to the original crY8tallization of the rock - i. e. produced 
during the process of alteration. * 

The biotite is all seeondary and is colored green or yellowi8h 
brown, aceording to its advancing stage of formation. 

This rock, both macro- and mieroscopically, could well be 
cla8secl as a granite and 8ustains the conclusion to which the 
writer was driven long ago, that many of the so-called granites 
are, like the diorytes, the results of the alteration of other rocks 
both of a basic and acidie nature. 

The caleite is all seeonc1ary and fills in the roek mass inter
stitial eavities which are either original, or, as is most probably 
the case, of seeonc1ary origin, arising from the removal of por
tions of the roek and their replaeement by calcite through the 
medium of percolating waters. No positive proof was obtained 
from the section that this rock is an altered gabbro in preference 
to its being ;1,11 altere(l form of a more aeidic rock. The chemieal 
analysis made by Profs. Dodge and Sidener indicates either 
that it is an altered form of a more acidic rock or else that its 
percentages or iron and lime hrwe been lowered and its silica and 
potash increasecl, hy the alteration, from those of a normal gab
bro. -i- rrhe small content of caleiuUl oxide, compared with the 
amount seen in the lw,nd specimen, iudieates that possibly the 
a.nalysis was made from too stllall a portion of the rock to give 
the average eomposition of the rock as a whole. 

rrhe analysis is given below: 

Si 0, .......................................... , ......................................... 61.09 
Al,O, .......... " ....................................................................... 1:,.34 

~: Dull. :\lus. ('1J11lf'. Z'Jul, 1,,:\80, vii, :J:J, .~,j, 114, 117. Lithr)logical Stwlies, l,s,Q, p. 4G. 
t Litbo!()gicul ~Ltllli~~~) l",~-I, IlJl.l-':,I;-18~). 
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Fe,03 ................................. : ................................................. 6.74 
Fe 0 ........................................................................................ :3.GU 
Ca 0 .......................................................................................... :~.10 
l\Ig 0 ............................................. · ........................................... 1.:13 
Na,O ......................................................................................... :3.41 
K,O ......................................................................................... 3.H5 
H,O .......................................................................................... 1.80 

756. South of Ogishkie .Muncie lakes. 

Also i8 an almost entirely [tltered rock with a little diallage 
and only traces of the plagioclastic ~triation remaining in the 
feldspar. The magnetite sllows, in places, the titaniferous alter
ation to "leucoxene" and is for the most part surrounded and 
largely absorbed by the viridite and hornblende. 

The hand specimen is a greenish crystalline rock, composed 
principally of feldspar and hornblende. 

:105. Gntlet to North lake. 

Is a dark gray typical dioryte composed of a coarsely granuLtl~ 
mixture of grayish and flesh colored feldspar with black horn
blende. The section is composed of feldspar, biotite, hornblende, 
quartz, diallage, magnetite, apatite, titanite, and zircon. 

A large crystal of diallage having a longitudinal section shows 
more or less of a greenif:>h alteration extending along the fissure 
planes. It also contains small rounded masses of secondary bi
otite. The alteration is most strongly marked on the edges of 
the crystal. Here nearest the cent,re is a green irregul~1r band of 
a mineral in the process of formation, while outside of t,his, the 
same mineral forms a darker green band with a longitudinal 
cleavage like that of amphibole. This second band contains, 
apatite crystals, while part,ially in this band and partially €X

terior to it are irregularly scattered g-rains of secondary quartz. 
Outside of the green mineral lies considerable biotite, which is 
also scattereel through the section, but is chiefly a.ggregated ahout 
the altereel dial1age. Some of the biotite shows an irregular 
cross banding, traversing across the cleavage planes at a sligllt 
angle. This banding shows very indistinctly in common light, 
and when the section is right side np with the polarizer Oll, it i,: 
likewise indistinct. Bet,ween crossed nicols this banding is c1is
ti net in every position except when the longit,uclinal section 1S 
parallel, to the plane of vibration of the polarizer. But if the 
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section is reversed the bandilJg is distinct in common light, and 
also with the polarizer on, and ill e,~ery posit,ion between crossed 
nicols except when its longest, directiolJ is parallel t,o the plane 
of polarization of the lower nicoI. This banding is attrihuted to 
a furrowing produced Oil the back of the section by the coarse 
corundum used in grinding it. 

The green substance surrounding the diallage and forllled fl'ol11 
its alteration is irregularly interlocked ,yith the diallage, ancl 
the plane of extinction of the t,,'o minerals correspond. How
ever, it is only slightly and sometimes not at all dichroic, but 
still is referred to horn bIen de, not only on account of its cleavage 
but also on account of finding true hornblende in exactly the 
same relation to another c1iallage crystal in the section, but a 
crystal that has suffered alteration to a greater degree. The 
steps in t,he alteration show-n by the different diallage cores irreg
ularly interlocked with the hornblendic substance and gradm111y 
passing into it are as follows: 1st,. A palish green substance, not 
dichroic and destitute of cleavage. ~d. A deeper green substance 
having a longitudinal cleavage, but not dichroic or only slightly 
so. 3d. The same dark green substance, (alllJeing connected) but 
of a somewhat darker green color, and dichroic, varying from a 
slightly yellowish green to a dark green. -ith. A well-marked light 
hornhlende, with not only the hornblende cleavage in a longitud
inal direction, but also across t,he longer or vertical axis. This 
is dichroic varying from a yellowish brown to a dark brown 
color. These changes resemble those shown by vYilliams in the 
BaUimore gabbro. 

The first, three stages are to be seen united about a single dial
lage core, as are also the third and fourth stages. 

A little epidote was seen, as well as a few minute crystals, re
sembling zircon in form, bnt which have an oblique extinction 
with a feeble chromatic polarization. 

One quartz crystal was seen which had replaced a plagioclase, 
and still retained in its interior irregular cloudy masses of the 
kaolinized feldspar, while in part of the crystal the plagioclastic 
twinning lines remain distinctly visible in common light. The 
quartz grains contain grains and crystals of magnetite, minute 
plates of biotite, microlites, trichites. ete., all of which must be 
of secondary origin as the qnartz is. 

Part, of t,he feldspar retains the lllicrolites and brown plates 
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arranged parallel to the crystallographic plane as seen so com
monly in the feldspar of gabbros. Some titanite grains were 
also observed. 

Plate VIII, Fig. 1, shows one of the smaller altered diallage 
crystals containing greenish plates on the interior, and surround
ed by a green hornblende on the exterior which passes into brown 
hornblende, showing prismatic cleavage and into brown biotite 
bearing magnetite. A little yellowish epidote occnrs in the np
per portion of the fignre. 

780. Between Dnck amI L. lakes. 

Is a yellowish gray granitoid rock, composed of feldspar, mag
netite, biotite, aUft hornblende. It is so altered that the transi
tion is complete, except in the case of a few pyroxene grains, so 
as to fOl'm a quartz-diorite, although it contains much orthoclase 
and some biotite and might thus be styled a granite. 'rhe ortho
clase. qnartz, biotite, and hornblende all appear to be secondary, 
as are probably the numerous microlites by which they are tra
versed. 

816. 
TIle seetion is granit,oid in structure and composed of feldspar, 

horn blende, quartz. viridite, magnetite, chloril e, epidote amI 
apatite. The feldspar is mnch altered and contains kaolin. 
ehlorit,e, and colorless micaceous scales. The hornblende is both 
green and hrown, the latter color simply indicating a further 
stage in the alteration of the pyroxene to a perfect horn
blende than the green state denotes, and the former is often 
t~)11l1d forming a border on the green hornblende. Quartz is 
~tbundant in large irregular gmins and the rock is now a 
quartz-dioryte, but the writer believes it to be an altered gah
bro or diabase, as its structure is like that of known altered 
forms of these rocks. 

801. ::n miles S. E. of st. Clollcl. 

A tlark gray coarsely crystalline rock, composed of horn
hlemle, biotite, pinkish and gray feldspar, quartz, and mag
neti teo 

D nder the microscope it is seen to be composed of the above 



S6 

minerals with titanite, apatite, and microlites. The feldspar is 
in part plagioclase and in part orthoclase but in both cases the 
feldspar material seems t,o be of a secondary origin replacing 
other feldspars and in part retaining their cloudy kaolinized 
material and striations. The feldspar also in places shows some 
of the common inclusions found in the feldspar of gabbros. The 
hornblende is green, like that of No. 305. and filled in the sallle 
manner, but more abundantly, with apat,ite. Some of the bio· 
tite shows the polarization phenomenon produced by the grind
ing, as the preceding No. 305, but the bands very irregularly 
cre'ss one another. The quartz is like that of the preceding. 
'While this rock, in its present stage, makes a good representatiYe 
of a biotite-hornblende-granite, it is believed to be but a further 
stage in the alteration process than t,hat shown by No. 305. In 
both we haye the sa,me general characters in their minerals, 
except, that in No. 30.5 part of the diallage remains, while in No. 
SOl it has been entirely changed. Macroscopically, this rock 
is like part of the preceding rocks, and this solution of its struc
ture would account for the later origin of the quartz and its im
pression by the other minerals in all so-called granites having 
the same origin as this. 

One portion of the rock is darker than the other, and an ana
lysis was made of each port,ion by Profs. Dodge and Sidener, with 
the following results: 

Lig b t Portion. 
SiO, .................................................................... 61.19 
AI,O" ................................................................. 15. 22 
Fe,O" ................................................................. 3.20 
Fe 0 ................................................................... 3.55 
lIoIn 0 ................................................................... trace 
Ca 0 .................................................................... 7.94 
l'I'Ig 0 ................................................................... 2.38 
Na,O ................................................................... 3.17 
1\:20 ..................................................................... 2.62 
H"O .................................................................... 0.40 

99.67 

Dark Portion. 

58.77 
13.12 

5.45 
6.87 

trace 
5.99 
4.93 
1.94 
2.83 
0.45 

100.35 

These results indicate either that during alteration the basic. 
rocks become more acidic by alteration, as the writer showed * 
was the case for t.he peridotytes, or else that. t'bis rock is from a 

., Lithological Studies, 1884. pp. 186-189. 



87 

more acidic group than the ba~alts, and that the writer has 
wrongly placed it wit,h the altered gabbros. 

36.... Burn8ide lnke. 

Is a crystalline gneissoid rock, possessing a banded structure, 
and composed Of pinkish and grayish feldspar and hornblende. 

Under the microscope the section is seen to be composed of 
kaolinized feldspar, partially replaced by quartz, and mnch 
green amphibole, with a little biotite. The amphibole is in part 
a green actinolite. One crystal pseudomorph was seen composed 
of a light green centre of irregularly arranged amphibole plates, 
with a dark green border of amphibole. This closely resembles 
an altered diallage, the central portion being changed last. 

789. Temperance River luke. 

Is a clark gray and greenish black rock, composed of magnet
ite, gray and pink feldspar, and greenish hornblende. 

The section shows that the feldspar is much kaolinized, retain· 
ing the polysynthetic twinning bands only in places. The am
phibole is both green uralite and actinolite. The amphibole 
is filled with abundant apatit,e crystals, while the feldspar also 
contains them to some extent. 

707. Mayhew lake. 

Is a dark grayish green crystalline rock, composed of grayish 
feldspar, quart,z, hornblende, and some chlorite. In the sect,ion 
it is seen to be composed of plagioclase and secondary horn
blende (uralitic), biotite, quartz, apat,ite, and chlorite. Only a 
small amount of biotit,e was observed. 

33!. Pipestone Rapi(ls. 

A dark grayish and greenish black rock, composed principally 
of hornblende with some feldspar. Under the microscope it is 
seen to be composed of kaolinized feldspar and secondary horn
blende, quartz, titanite, etc. One quart,z psendomorph after 
plagioclase retains the plagioclastic striation in common light 
.and cloudy patches of the kaolinized mat,erial. This is consid
(lred by the writer to be an altered gabbro, judging from its 
I'Itructure, although it may be a sedimentary hornblende schist 
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or gneiss. The structure of this rock is shown in Plate VIII. 
Fig. 2. The npper portion is composed of quart,z grains contaill
ing cloudy kaolin granules from the altered feldspar. while the 
lower central portion is the quartz showing the striations of 
plagioclase with kaolin material. 

Brown and green horn blendes are on the right and left, with 
yellowish brown titanite grains in the quartz at the bottom of 
the figure. 

693. West euel'oj Poplar lake. 

A yellowish gray crystalline rock, composed of plagioclase 
::Lnd magnetite. Powder magnetic. Under the microscope it is 
seen to be composed of plagioclase with some probable ortho
clase~ olivine, and magnetit~. The magnetite is surrounded in 
part by a ferruginous looking border containing, if not entirely 
composed of, biotite fibres standing at right angles to tbe pe
ri pheries of the grains. A little "leucoxene" was abserved. 

5. St. Paul &: Duluth Railro(lcl Station, Dnlltth. 

A dark, coarsely crystalline rock, containing considerable pink
ish feldspar. 

Tbe section is composed of plagioclase, diallage, magnetite, 
apatite, and secondary 'llUlrtz, bornblende, and chlorite. The 
lliallage is in part cbanged to a dark, cloudy substance, while 
the felds])ar is much lmolillized. 

688. Cross luke. 

Is a dark compact. Lmt coari:\ely crystalline rock, composE'll 
of feldspar (pinkish and grayisb), apatite, magnetite and pyrox
ene. 

U neler the lllicroscope tbis rock is seen to have its diallage 
much alterell principally to a uralitic product. The plagioclase, 
in places, exhibits its twinning only at, the point of extinc
tion, as was shown by the writer to be the case with the plagio
clase onhe Bishopville met.eoriteJ 

'1'11e fel<1spar is also much altered and the section in places 
sbows tbe structure of grapbic granite or the eozoon character 

* .-im. Jour. Sci' 1 18S:-::, (3,) xxyi :3-1; Lithological Studies, 188-1, p. :ZOO. 
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o('curing in the granites and felsites of Keweenaw POilit. Ill, 
No. 688 this structure is evidently produced by the aggregation 
of the silica in the midst of the feldspar through the medium of 
the percolating waters, while the remaining feldspar itself is 
much changed and stained by ferruginous material. Much apa
tite occurs in the section. 

694:. South shoi'e (~f .JIayhew lake. 

Is a grayish black crystalline rock, composed of feldspar amI a 
large amount of t,itaniferous magnetite. 

The seetion is composed of plagioclase, some possible ortho
clase, diallage, olivine, and magnetite. The latter is partially 
surrounded by well marked biotite borders, while it cuntains 
inclusions of the same. One of the olivines, which is apparently 
a unit in ('ommon light" its form and fracture lines indimting 
this, is seen in polarized light to be made up of four individuals. 
A .. lit,tle biotite occurs, but it is not attatched to the magnetite. 

704:. lliayhew lake. 

Is a darker rock than 694 and is richer in magnetite. The 
section is seen, however, to have the same composition and' 
structure as No. 694. Part of the diaUage shows also the cleav
age of augite.* Biotite is present, holding the same relation to 
the magnetite as before, while the section is somewhat more 
altered than the preceding. The diaUage is in places quite 
cloudy as t,he result of this alteration with the development of 
magnetite needles and dust parallel to its cleavage plan~s. 

703. Pewabic island. 

Is a black com part iron ore composed of predominating mag
netite, with plagioclase, olivine and biotite. The biotite, as be
fore, is in borders surrounding the magnetite or inclosed in it. 
Besides the quite abundant biotite, these borders are sometimes 
composed of a clear, feebly polarizing substance of unknown 
character but probably an early stage in the formation of biotite, 
the general structure being shown in Plate VI, Fig. 1. 

The feldspar shows, in polarized light, that it is composed of 
large crystals in which the magnetite is lying, forming an 

• Lithological Studies, 188~, p. 145. 

12 
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irregular sponge-like mass of iron ore like that, in the Cumber
landyte.* 

651. 8ec. 36, T. 63, 1 E. 

Is a dark, coarsely crystalline rock, also containing much mag
netite. The section is composed of feldspar, part of which is 
twinned according to the albite and pericline law, angite, dial· 
hge, magnetite and olivine. The pyroxene is yello\\'ish brown, 
and while the chief portion of t,]le section is coarsely crystrtlline, 
vart is of a fine grained basaIt,ic textnre and composed of di\"erg
eut lat,]l-shaped plagioclases with the interspaces filled with 
augite and magnetite granules. 

787. 8o;dh slope O{tf, ,e ]J[~S((,bj; range. 
Sc ,~,-t to 11," • ""2" "d~" 1.' .. " ~ I. I f 

A grayish medium-grained rock, composed principally of a 
clear glassy feldspar, holding brownish oli vine, diallage and mag
netite. The section is composed of clear feldspar, holding yel-

10wish brown olivine, darker brown enstatite, and magnetite. 
The feldspar shows a clear brilliant polarization, while the 

polysynthetic twinning according t,o the albite-pericline law is 
marked even in common light. The fibrous alter.ltion h~ts be
gun t,o appear along the cleavage planes [l,nd fissures giving it, ill 
places, the common cloudy appearance seen in feldspars of con
siderable age. The oliyine stands next, in abundance to the feld
spar and is much fissured with a yellowish ferrnginous staining 
along the fissures, and sometimes even ext,ending through the 
entire mass of the mineral. It contains some magnetite, part of 
which is secondary, while t,he olivine itself appears to be foreign. 

The enstatite is mostly built out upon the olivine grains as 
an apparent continnat,ion of them 1m!i only rarely do they cor
respond in optical orientation. The enstatite shows t.he begin
ning of alt.eration, indicated by a brownish color, and t.he devel
opment of fine smoky ferruginolls bands parallel to the princi
pal cleavage. It also has an irregular cross fraet.ure. '1'he mag
netite is often bordered by forming fibrous biotite.-r 

'l'his rock answers to the olivine-noryt.e of Rosenbusch, and in 
its structure it somewhat macroscopically resembles some of the 

" See Lithological Studies, 1884, pp. 7,5-S1; Plate I, Figs. 5 and 6; Plate II, Figs. 1, ~ and 3, 
t lr,jng, Copper-bearing Rocks, ISS, p .. 51; Hawes, Lithology of N. H.1878, p. 205; \Vad::;. 

·worth, LitlloJogical Studies, 1884, p. 77. . 



1)asaltic met.eorites. Fig. 1. Plate III, f;lJO\TS the structure of the 
rock. 

512. N. E. 1 8ec. 2;\ T. 50, 15. 

A dark gray crystalline granular rock, composed of iehlspar, 
magnetite, and diallage. The section is that of a clear typical 
gabbro of the finer grain. The section is stained yellowish brown 
in places by oxide of iron especially along the fissures a,uel in the 
vicinity of the magnetit,e. Some secondary minerals, chiefly 
biotite, were observed. 

715. Poplar lake. 

Is a grayish granular rock, composefl of plagioclase, some oli
vine and pyroxene, part of which has the cleavage and optical 
characters of enstatite and part that of diallage. 

6?2 .. South 8ho~'e oj pttl: lake. ,_) , -. 'I' 
"'_&L-,-11~ Lv.~,. f cIC:....... - -'~-- ,,(. ; I 

Is a grayish 'compact rodk, composed of plagioclase, a little 
magnetite and irregular masses of diallage, holding rounded and 
irregular patches of enstatite. Both are more or less cloudy 
from the seconcLwy m"gnet,ite dust and needles. 

Fig. 2, Plate II, shows the structure andrelahonsof the banded 
€nstatite in its rounded grains inclosed in the diallage, the latter 
being cut by the colored feldspar. 

786. A brown crystalline [/ranular rock. 

'fhe section is composed of ,. fine granular mixture of plagio
clase, orthoclase, augite, diallage, enstatite, biotite, magnetite, 
and microlites. The strncture is the granular structure seen in 
rocks owing to t.he recrystallization of their original materials. 
The feldspar contains much of t,he black dust and microlites 
commonly seen in the feldspar of gabbros. 

777. L. Lake. 

Is grayish brown porphyritic rock resembling that found 
in Gloucester, Mass., and belollgs to the gabbros. The section 
is composed of large plagioclase crystals, lying in a crystalline 
granular groundmass of dial1age, angit,e, biotite, uralite, mag-



netite, l)lagioclase, orthoclase, and some quartz. All are in 
more or less rounded grains, aUlI the general structure of the 
groundmass is that of one which has been formed by the recrys
tallization of its materials, i. e. the augite and diallage are the 
remnants of larger crystals, while much of t,he feldspar and all 
of the quartz, biotite, and uralite are the results of alteration. 
The biotite and uralite are formed from the pyroxene. The 
larger plagioclase crystals are filled with elongated dark needle· 
like shapes which are arranged parallel to the twinning, clinopin
acoid, and other crystal planes. These needles polarize with a 
bright, yellmvish brown color, like thin biotite plates. On 
further examination some sections are fOllnd cut obliquely to 
these needles, when t,hey are found to be elongated, oval, yellow
ish brown plates of biotite. These plates are evidently an altera
tion product of the feldspar itself. 

Plate IV, Fig. 1, shows the granular structure of this rock 
with the brown biotite on the right and greenish hornblende at 
t,he bottom of the figure. The section in places shows the char
acters of a dioryte or hornblende schist. 

5H5. 8il1'l:r islet. 
s<-_i t., It'" S. I~. " "', Tc-~ 2,!", " 

A grayish crystalline tock, taken from a diamond drill core. 
The section is composed of plagioclase with much enstatitey 

part of which closely approaches the proto-bronzite of Prof. 
Judd, '" some diallage or augite with much biotite, quartz, etc. 
'fhe enstatite is altereel in part to a dull, dark green baRtite, and 
to biotite. In the more highly ~tltered portions of the section 
t,he quartz forms the graphic or eozoo11 structure, which, with 
t,he biotite, feldspar, and microlites, causes these parts to he 
granitic. A few pseudomorphs, apparently after olivine, OCC\\I", 
so it is doubtful whether this rock would fall under the noryte 
or olivine-noryte 0[" Rosenbnsch. 

691. Little lak.:. 

The section is composed of feldspar, cliallage, magnetite, and oli
vine and is similar to No. 69~. The olivine is largely altered to 
a yellowish green fibrous serpentine. This alteration has pro
ceded in a peculiar nmnner. In some of the olivine grains 

*Quart. Jour. (Teo!. Soc. lS,~-j, p. :371. 
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bands of black and brown plates and needles, which for the lJlost 
part are arranged parallel to the axis of the greatest elasticity, 
although a few are at right angles to it. The olivine also has 
two well-marked cleavages parallel to these directions, along 
wbich lines tbe serpentinous alteration ext,emls. But as the: 
alteration is tbe greatest at rigbt angles to the line of greatest 
elasticity, the more highly altered olivines present an alternate 
series of parallel bands of serpentine and partially altered oli,-
ine. In some cases the planes of greatest alteration coincide 
"ith the line of greatest elasticity, wbile in some of the entirely 
changed olivines the serpentine is arranged in fine fibrous paral
lel bands occupying the entire surface. The diallage contains 
much magnet,ite dust a.mI grains al'l'angedmostly along the cle~1V
age lines, as a product, of alteration, 

Plate XII, Fig. 2, shows the strncture of some of the less 
altered olivines. 

700. Mayhew lake. 

Is a compact dark grayish crystalline rock, composed of dial
lage, olivine, feldspar, anrlmagnetite. Considerable oftbe second
ary biotite is found associated ,yith tbe magnetite and diallage. 
This section has its minerals somewbat altered, tbe magnetite 
dust and grains being quite abundant in the diallage, wbile a 
chloritic-like vein traverses the section. 

Plate III, Fig. 2, shows the general strLlcture of the rock wit.h 
its brownish' dialhtge, yellOlyish altered olivines, black magnetite, 
reddish brown biot,ite in the diallage and hordering tbe magne
tite, and colorless feldspar. 

714:. Smdh of Tncker lake. 

Is a grayish crystalline diabasic rock, whose section is seen to 
be composed of plagioclase, rliallage. olivine partiaJly altered to 
serpentine, orthoclase, etc. The diallage eOlltains mnch second
ary magnetite dust and needles. 

698. Mayhew lake. 

~<\. compact gray crystalline grMlUlar rock,composed of diallage, 
feldspar, and magnetite. Considerable of the feldspar is unstri
ated and the arran2:ement of the minerals is like that comlllonlv , <J..... ... 
seen in rocks that have recrystallized through the agency of pel'-
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colating w,lters, i. e. the preseut mineralogical composition aucI 
struct,ure appear as secondary rather than primary, the same as 
N o.iii, which is figured in plate IV, Fig. 1. 

705. ilIayhew lake. 

Is a dark gray crystalline granular rock, containing distin
guishable feldspar and biotite. It is macroscopically diabasic. 
Its thin section under the microscope shows an irregulal' ag.gre
gation of short crystals, with rounded or irregular outlines, as 
seen in Nos. 777 and fi9S, which marks many rocks whose present 
structure is due in part or a whole to the recrystallization of its 
constituents uncleI' the influence of water action_ The pyroxenic 
constituents, which may be the remains of original crystals, are in. 
short,. irregular, ragged cryst,als and grains considerably altered 
and belonging to enstatite. The feldspa,r is in part plagioclase 
and in part orthoclase, while magnetite, in r-art secondary, and 
secondary biotite and quartz are quite common. The rock is 
metamorphic but, in all probabilit,y a metamorphosed eruptive 
instead of a sedimentary one. 

,jl1. 11Iiller's Creek. 

Is a fine grained crystalline granular rock of a diabasic ehar
acter amI of a dark gray color, forming a contact with a fine 
gnLined reddish micro-granite_ 

rfhe sections are composed of feldspar, diallage and magnetite 
with secondary quartz, biotite, hornblende, apatite, and amphi
hole mierolites. ~\.. few grains and crystals of Zircon and titan
ite were observed. The rock is (Iuite altered but the alteration 
is greater in tIle section taken furthest from the contact. 'fhe 
c1iallage contains the comlllon black tabular and rod-like ineln
sions, which ill general are in parallel lines forming angles of 
from SO° to HO° with t,he orthopinacoidal cleavage. These ill
elm,ions appear here as one step in the alteration of the dialiage, 
and they disappear in direct proportion to tIle perfection of the 
orthopirmcoidal cleavage. This cleavage shows first on the edges 

. or thinner portions leaving the bbck microlites in the interior; 
hut in the crystaline grains ill which the cleavage extelHls 
throughout, the microlites are generally entirely obliterated amI. 
the grain shows a cloudy felty st,l'Uctlue_ 
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511. S. W. i Sec. 22, T. 50, 15. 

A dark grayish brown rock, composed of feldspar alHl olivine .. 
The section is formed of plagioclastic feldspar and olivine witll' 
a little diallage. The feldspar is so mew hat cloudy from kaolini· 
zation, and the olivine is in part, altered to a yellowish serpen· 
tine. The diallage is more or less filled with magnetite dust ar
ranged in bands mostly parallel to·t,he orthodiagonal cleavage al
though sometimes seen to be obliejue to it. These sections closely 
approach the characters of forellenstein, and the diallage is in so 
minute a quantity the specimen could well be called that rock,. 
which is simply a modification of gabbro. Fig. 1, Plate V, shows 
the nearly unaltered condition of the rock with a few irregular 
bands crossing the oliyine grains, while Fig. 2, Plate V, shows a 
highly altered condition of the olivine in the sallle section. 

513. N. W. l, N. E.l Sec. 27, T. 50, 15. 

Is composed mainly of feldspar and olivine with some magne
tite. ~\. very little (liallage was observed in oue section. The 
feldspar is chiefly plagioclase, althongh a little ttpparellt o1'Lho
clase was seen. The olivine is of a greenish yellow color, and 
only slightly altered, but in places it shows distinct pleochroism 
varying from greenish yellow to a reddish brown through a yel
lowish brown. This is then a forellellstein. 

Another section, incorrectly numbered G70, is similar in ch~ll'

acter to the above and has a little dichroic diaHage, the color 
passing from a yellowish to a brownish. 

8U. East of Bcavcr bay. 

A greenish brown coarsely crystalline rock, composed of plag
ioclase feldspar and some altered olivine, changed to serpentint, 
and thus comes under the head of forellenstein. 

8IS. East side of Splitl"OC'k point. 

Is a grayish crystalline grannlar rock and in places is altered 
to a reddish feldspar. 

The sections are composed of plagioclase and olivine altered 
to greenish serpentine, with some (lllartz and other seconcla,ry 
products) thus forming a forellenstei 11. 
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287. Pigeon point. 

Has a section composed of plag'ioclase, diallage, magnetite. aJ
.tere<l olivine and other secondary products. Tbe oli vi ne is re
placed by reddish and yellowish hrown serpentine showing t,he 
usual network or "J\1aschenstructur" of serpentine replaeillg 
olivine along a net,'IIork of fissures. The diallage has suffered 
considerable alteration, is of ~t,doudy ]H'o'llnish color and in part 
l'eplaeed by biotite, chlorite, etc. 

6H7. 1J1ayhew lal,'c. 

Is a dark, somewhat rnsty, brown rock, containing feldspar and 
biot,ite. The sections of t,his rock are composed of olivine, dial· 
lage, feldspar, magnetite, and secondary serpent,ine, hornblende, 
biotite, chlorite, etc. In its general appearance it is closely 
allied t,o wherlyte and picryte, but although its feldspar is sub
,ordinate to the other minerals, yet it contains suffieient to carry 
it under gabbro. The olivine, in part, is dear, fissured, an!l 
traversed along the fissures by bordering serpentine or ferrug
inous staining. Other olivines are nearly or entirely replaced 
hy the greenish serpentine. The diallage contains some of the 
black needle-like inclusions, etc., but for the most pal'tit has been 
changed to a brown felty cleavable mass; or to chloritic and 
amphibole products. The feldspar in part is much altered. The 
hiotite varies from a deep reddish brown to a brownish yellow 
(,olor-colors to which its dichroism corresponds. The biotite 
is largely associated with the magnetite, often surrounding the 
grains of the latter. 

776. Between Duck alld L lakes. 

Has its section composed of partially altered diallage, feldspar, 
magnetite, and secondary quartz, hornblende, biotite, etc. The 
diallage is filled with the usual black needles and grains, which 
also occur abundantly in the feldspar. Part, of the feldspar ap· 
pears to be of a secol1l1ary origin, while numerous amphibole 
microlit,es of secondary origin ('xtend through the quartz and 
feldspar. Fluid cavities occur in the quartz. The hand speci. 
men is a brownish gray, granitoid or dioritic rock, with tab
ular pinkish feldspar. It s11o'lls surface weathering. 
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781. Wind lake. 

A gray crystalline granitoid rock, composed of gray feldflpar, 
biotite, hornblende, etc. Us section is similar to the preceding 
No. 776, but it has few microlites. The diaUage has fewer in
clusions than that of No. 776, and is largely altered to horn
blende and biotite. 'l'he qllartz is quite abundant, and tbe bi
otite is largely associated with and surrounds the magnetite. 
Tbe analysis by Professors Dodge and Sidener gave the following 
result. 

Si 0 0 ...................................................................................... 53.43 
AI,O, ..................................................................................... ]3.81 
Fe 2 0 ....................................................................................... 5.08 
FeO ................................................................................ , ........ 9.86 
MnO .................................................... ; ................................... trace 
CaO ............. : ........................................................................... 8.25 
MgO ........................................................................................ 4.64 
Na,O ...................................................................................... 2.51 
RoO .................................... ..................................................... 1.12 
H,O ......................................................................................... 0.27 

!J8.97 

DIA.BASE. 

664:. Two miles from HOTseshoe bay. 

Has a section composed of brownish augite dissected by di
vergent feldspars and containing magnetite and some secondary 
products. As a rule the augite is a clear brown or yellowish 
brown, containing rows of magnetite, vapor cavities, and other 
inclusions arranged along fissures. U also sbows in places the 
fine parallel cleavage of diallage. Tbis is usually towards tbe 
edges or in altered portions of tbe crystal. Yet these points are 
·of very minor importance compared with augite proper, wbich 
occupies about two thirds oitbe section. The feldspar is plagio
clase and in some places showskaolinization. Both the pyroxene 
and the feldspar are traversed by numerous fissures which are 
bordered by yellowish and brownish ferruginous stainings. A 
serpentinous material forms brownish patches which may pos 
.sibly be pseudomorphs after olivine, but it, wit,h apatite, apuea rs 

13 
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oftener to be formed by the alteration of the original interstitial 
base of rock. 

The section is traversed in one portion by a brownish and 
greenish vein of serpentinous material. 

rfhe magnetite is either of foreign origin or was the earliest· 
mineral to crystallize. This is followed by the feldspar, and 
last,ly by the augite; the interstitial base being left an uncrys
tallized and easy altAring material. In structure and character 
there is no reason this rock should not be called a gabbro, except 
that the pyroxene is essentially !\'ugite. The structure is de
cidedly granitoid. 

sw. Hill near the month of Silver creek. 

Is a grayish brown rock h~tving a resinous lustre .. The section 
is composed of lath-shaped plagioclases cutting through irregu
lar masses of augite, also olivine grains and magnetite. The 
feldspars are quite clear but are in places somewhat kaolinized 
and contain a viriditic product as well as the remains of inclu
sions of the globulitic base. Trains of vapor cavities extend in 
the feluspar and are continued with and through the augite. 
This mineral is quite clear, of a brownish color, and shows its. 
characteristic irregular cleavage. 

The olivine is partially inclosed in the augite and is much 
fissured, with the border of the fissures formed by greenish, y~l
lowish, and brownish serpentine, which also borders the grains 
and sometimes extends through quite a portion of their 'mass. 
The olivine is foreign and possibly the magnetite is the same, 
but if not, it has been the first mineral to crystallize from the 
magma followed by the feldspar and lastly by the augite, although 
the last two were nearly, if not quite, contemporaneous. 

In one portion of the section the twinning of the plagioclase is 
seen to be dependent upon the pressure exerted by the solidify
ing augite .. 

141. East of Palisade creek. 

A dark, grayish-brown crystalline rock with a resinous lustre,. 
and contains vitreous feldspars. 

The section is much like that of the preceding except that no. 
distinguishable olivine was observed. As a secondary product, 
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occurs, a radiated fibrous greenish material with aggregate polar
ization, much like that usually seen in forming chalcedony_ 
Another secondary product is seen, which is of a brown or 
yellowish color, and closely like the hisingerite * of the Ovifak 
basalt. The green product is associated with the feldspar in 
a manner to indicate that it is formed by the alteralttion of in
clu~ed and interstitial base, while the brown may possibly repre
sent the olivine, as well as some altered augite. 

228. Double bay. 

A brown crystalline rock, weathering to a rust,y brown. 
The section is granitic in structure and composed of divergent 

lath shaped plagioclase, with much allgite and magnetite. The 
section also contains abundantly an orange brown material re
sembling palagonite, which is partly isotropic and partly an
isotropic. It apparently has been formed from the alteration of 
an interstitial basaltic base. 

90. EMf point of Suck.er bay. 

A dark greenish gray compact crystalline rock. 
One section is composed of numerous grains of olivine and 

masses of angite arranged irregularly in the feldspar which is 
sometimes in aggregations of crystals and sometimes in diver
gent lath-shaped blades dissecting the augite. The feldspar COIl

tains .the remains of an included glohulitic base, so commonly 
seen in the plagioclase of modern basalts. 

The oli vine is much fissured and more or less altered to a 
greenish serpentine. Greenish and yellowish brown secondary 
prodncts, showing aggregate polarization, are common in the sec
tion. In anot,her section of the same rock the feldspar contains 
much of the altered globulitic base, while that mineral is largely 
in rounded and tabular aggregations of crystals. The olivine is 
here altered, not only to the greenish serpentine, but also to a 
brownish yellow form. 

90 B. East point of Sncker bay. 

Is'a coarsely crystalline gray rock, with divergent feldspars, 
holding interstitial dark silicates with magnetite. 

:1= LithologkaJ Studies, 1884, pp. 20:?-203. 
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In the hand specimen and section it is like the gabbros. The 
feldspar is in the so-called saussurite state. It contains much sec
ondary quartz, orthoclase, and scale like plates. Many of the ap
parently clear unaltered portions show, in polarized light, that 
they are made up of leaf-like aggregates, while much of the feld
spar is too cloudy to affect polarized light. Besides the feldspar, 
the seetion contains augHe, magnetite, and various alteration 
products. The interstitial base has been replaced by a greenish 
chloritic material, greenish, cloudy, and colorless chalcedony 
and quartz. The augite is also considerably altered in places, 
while secolldary apatite appears. lVIany of the feldspars, which 
ill phwes still retain the plagioclast.ic st,riation intact, appear in 
polarized light to be homogeneous orthoclase, that feldspar ap
parently having in part replaeed the plagioclase. 

752. 8. E.1, Sec. 30, T. 65, 6 lV. 

A grayish green crystalline rock, with a dark green ground
mass, containing greenish gray lath-shaped feldspars and dark 
augites. 

In the thin seetion the feldspars are mosUy cloudy and kao
linized, although the triclinic character of some is observable in 
polarized light. The augite is brown and largely altered to viri
dite, which mineral substance replaces part of the feldspar. 
Some green pseudomorphs, apparently after olivine, were ob
served, while more or less aetinolite. biotite, and chlorite was 
seen a.'lsociated with the viridite and formed from it. COIll';ider
able secondary quartz was noticed associated with the feldspar, 
while microlites are common both in the quartr, and augite. 
Some apatite crystals were seen, as well as "leucoxene" and 
pyrite. 

221. EalJt of Brule 1'iver. 

Is a (1<-Lrk brownish rock, eontaining pale yellowish vikeous 
feldspars. Under the mieroscope the section is seen to be com
posed of feldspar, pyroxene, quartz, magnetite and the remains 
of a former unindividualir,ed base. The feldspar is very clear, 
polarizing with vivid colors. While part appears to be ortho
clase, the greater portion is plagioclase, much of which is 
twinned according to the albite and pericline law. The pyroxene 
more closely approaches in structure t,he characters of augite 
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than those of dh111age; and the rock is hest classified as a diaba"ie. 
'rhe former unindividualiz,ed base is filled with microlites, and 
has been altered to quartz, opacite, and a palaglonite or hisingel'i te 
mineral, which is isotropic and of brownish color. This is 
similar to that observed by Tiirnehohm in the Oviftk basalt.'" 
Although no native iron was observed in the rock-section No. 331, 
this is strikingly similrtr to some of the section], of the Greenland 
iron-bearing rock. 

223. FOIlI' ;niles east of Brule I"ioe/'. 

A brown crystalline rock with lath-shaped feldspars. The 
section is built up of divergent lath-shaped plagioclase crystals 
with irregular masses of augite and magnetite. The augite 
shows in many places the cleavage of diallage arising through 
alteration. A few olivine grains were observed, as well as some 
dirty greenish brown patches that may represent altered olivine 
grains. The interstitial base has now been replaced by quartz, 
a dirty greenish viridite, microlites, etc., giving rise to a rock 
that might now be called a quartz-diabase. 

788. East si(le oj Burntwoo(l lake. 

A coarsely crystalline rusty granitoid rock, traversed by nu
merous apatite needles. 

The section is composedoffeldspar, augite, hornblende, biotite, 
quartz, apatite, magnetite, etc. The feldspar is altered and ka
olinized in part, and is both orthoclase and plagioclase. The 
augite is of a brownish color, and along its borders, and some
times throughout mnch of its mass, has been altered to a green
ish fibrous and scaly or leafy substance. This, in places, possess
es the characters of green hornblende, and in others those of bi
otite. The apatite and quartz are clearly secondary,.both occur
ing in the secondary hOl'llblellde. The augite and part of the 
magnetite and feldspar are the only original minerals left. 

650. Seo. 36, T. 63, 1 E. 

Is a dark grayish brown, somewhat porphyritic rock whose 
section is composed of lath-shaped and tabular feldspars, with 
augite, olivine, quartz, and biotite lying in a brownish ground-

, * Behang Kongl, Svenska Vet ens. Akad Hand!., 1878, v, No. 10, pp. [-22; see also Litholog
ical Studies, 1884, pro 202-2"". 
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mass. The feldspar is both orthoclase and plagioclase while 
part is secondary. The gronndmass is now the replacement of a 
former basaltic groundmass, together with part of its porphyritic
ally inclosed minerals. At the present time this gl'oundmass is the 
same as that of many quartz porphyries, and is composed of a 
confused aggregation of quartz, feldspar, ferrite, magnetite, mi
crolites, mica scales, ptc. The section, in certain portions, _ with 
its larger secondary quartz, could well pass for a felsite or 
quartz-porphyry. '['he augite is brownish and shows a strong 
tendency to alter into pale yel10wish grains and irregular crys
tals associated with feldspar and quartz. This is seen most com
monly in the vicinity of magnetite masses. The pale yellowish 
grains and crystals show the general characters of olivine, as 
well as the interference figures of orthorhombic crystals. They 
are also positive, with strong double refraction. They are there
fore referred to olivine. However their general appearance is 
slightly different in coloration, etc., from the common basaltic 
olivines, and this is naturally the case since one can not suppose 
a mineral formed by secondary agencies to be identical with one 
formed primarily, even if chemically and mineralogically they 
are the same. This olivine appears to represent a case parallel 
to the secondary olivine of the St. Paul's Rocks as described 'by 
the present writer.* 

Another alteration product is shown in the formation of scales 
and masses of biotite, which partially replace the augites, which 
in most cases remain, forming an elongated central band. The 
augite, in the earlier stages of alteration, is filled with a brown 
dust and varying from sometimes it is feebly pleochroic, the 
color chiefly brown to yellow. Apatite microlites are common, 
not 'only in the secondary groundmass, but also transfixing the 
olivine cry~tals. 

652. Near the Brule river. 

A grayish -brown crystalline aggregation of feldspar, augite, 
and magnetite. In the section the feldspar is partly altered and 
replaced by kaolinized material interstitially arranged with 
graphie quartz. Part of the feldspar is distinctly plagioclase, 
and part of the augite has been changed to brown hornblende 

" Science, 188~, i, 590~592. Lithological Studies. 1884, pp, 123-125. 
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and brown biotite. Apatite rods and microlites are to be seen 
associated with the graphic or eozoon quartz. 

774. Duck lake. 

A fine grained crystalline dioritic rock of pinkish brown color. 
The feldspars are of a gray and pinkish color. 

The section is largely composed of feldspar and quartz ar
ranged in graphic or eozoon form. Besides these minerals much 
magnetite, augite, a little diallage, hornblende, some biotite, yel
lowish pseudomorphs after olivine or angite, and microlites occur. 
The augite in places is altered into uralite and at others into 
brown hornblende, which exhibits the characteristic cleavage. 
The brown hornblende occupies part of the original augite areas; 
is contiguous with the augite mass and was formed from its alter
ation. The biotite is mainly associated wit,h the magnetite. Al
though the pyroxene is abundant here, this rock answers to the 
augite syenyte of Irving, but has been formed from the further 
alteration of a basaltic diabase. 

540. East of the Brule ~·it'er. 

A dark brown crystalline rock, containing lath-sha,ped and 
tabular feldspars. 

The section is composed of tabular and a few lath-shaped feld
spars, with augite and magnetite in a brownish groundmass. The 
groundmass is made up a dirty greenish brown viriditic product, 
derived largely from the alteration Of the former basaltic base, 
lath-shaped or basaltic plagioclase crystals, augite grains and 
microlites, magnetite, secondary orthoclase and quartz, and 
alteration apatite, microlites, etc. 'The general structure of the 
section is porphyritic. 

114. West of Splitrock r·iver. 

A crystalline dark gray rock. The structure of the section is 
ophitic and it is composed of divergent plagioclase crystals cut
ting the irregular au~ite masses. The section also contains 
much magnetite and olivine, which is altered along its edges 

• and fissures to a yellowish brown serpentine. The feldspars are 
clear, showing brilliant polarization, while the augite is pale 
brown and contains much disseminated magnetite dust. The mag
netite has, in places, a rectangular and oblique grating structure. 
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115. West of Splitroe k rIver. 

Is a dark, coarsely crystalline rock, composed of feldspar, py
roxene and magnetite. The section shows a mass of divergent; 
lath-shaped plagioclase, with a little apparent orthoclase, and 
with the interstitial portions filled with brownish fissured 
augite, olivine, magnetite, and secondary products. In this rock 
many of the original minerals remain clear or are but slightly 
altered. Of the silicates the augite has apparently snffered the 
least, being changed into a viriditic product at a few points only. 
The feldspar is altered and stained along the fissures and not infre
quently changed in places to viridite. The olivine is in part clear 
but much of it shows the usual alteration to brownish and green
ish serpentine along the borders and fissures . 
• The viriditic substance appears to have been formed in part 

from an original base in the rock, and in part it shows a spheru
ljtic structure, or conbins numerous rod-like microlites. Color
less microlites occur in the feldspar. 

The augite shows excellently well the cleavage of that min-' 
eral, but is pleochroic, yellowish brown, light brown, and dark 
brown; as the color varies in different portions of the same 
crystal plane or section when in the same position, it is prob
able that the pleochroism is due to aUeration which has 
affected the state of the-iron, more in one portion of the crystal 
than in another. 

115 A. West oj Splitroek river. 

A gray crystalline rock, composed principally of feldspar, 
containing some dark silicates. 

The section is composed chiefly of feldspar, mainly plagioclase, 
with some yellowish and brownish augite, magnetite, greenish 
brown pseudormorphs, apparently after oliville, and grayish 
brown ones after augite. 

639. One rnile ewst oj Silver creek. 

A dark grayish brown crystalline rock. The section is com- • 
posed of plagioclase, augite, olivine, magnetite, viridite, apatiter 
etc. 

The olivine in part is fissured, with the fissures bordered by a 
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dark or yellowish brown serpentine, leaving clear interstitial oli
vine grains. Other olivine crystals are entirely altered to ser
pentine. The section shows much fibrous viridit.ic material, of 
a dark green color, and arranged in patehes containing numer
ous spherulites of t.he viridite. This viriditic alteration is large
ly associated with the augite and would appear to arise from the 
alteration of that mineral and the original basaltic base. A lit,
tIe alt.ered globulitic base yet remains inclosed in the feldspars. 
Some of the augite sho'ws t.he cleavage of diallage. 

291. E:ct/'emity of Pigeon point. 

A gray crystalline rock with predominating feldspar. 
Section is porphyritic containing t.abnlar feldspars (pJagio

'clase) in a matrix of plagioclase (lath-shaped), augite in irregu
lar masses, olivine grains, magnetite, biotite, viridite, etC' The 
augite is somewhat pleochroic, and the olivine more or less 301· 
tered, having a clear yellowish centre and a fibrous altered bor
der, when the alteration has not affected the entire crystal. Some 
altered glolmlitic glass is to be seen in the feldspars. The bio
tite is a secondary product. 

2;)8. Mt. Josephine. 

A gray compact and somewhat coarsely crystalline rock with 
predominating feldspar. 

The section has its chief portion composed of a matted mass of 
feldspar crystals (plagioclase), somewhat kaolinized, holding 
much olivine in pale yellowish grains, an(l augite in very sub
ordinate quantities, with pyrite and magnetite. The olivine is 
only slightly altered, as a rule, t.o a greenish serpentine, while the 
augit.e in some places shows the se(~ondary diallage cleavage. 

503. St Lonis TiveT neaT Knife falls. 

A brownish gray medium grained crystalline rock, weathering 
to a yellowish brown. 

The section is composed of lath-sha~ed plagioclase crystals, di
vergent, and holding in the interstices augite, olivine, magnetite, 
and secondary spherulitic viridite, quartz, biotite, serpentiney 

etc. 
14 
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The augite has in part crystallized about the olivine as a cen
tre; it is somewhat pleochroic, partially altered to biotite, and 
·often cloudy from disseminated magnetite dust. 

The olivine has largely been altered to a dark green serpen
tine with much precipitated magnetite. The greenish and brown
ish biotite is abundant'as a product of alteration of the augite, 
the crystals of the latter showing various stages in the processs 
of this change. This alteration begins at the central augite 
core and passes in the same continuous mass through the green
ish biotite into the perfect brownish biotite. 

Secondary quartz occurs, both in irregular patches and in the 
.graphic or eozoon form with cloudy feldspathic material. In 
·connection with the quartz are long microlites. 

297. English rapids. 

A gray crystalline rock of medium texture but compact. 
The section is similar to that of the preceding, No. 503. The 

augite, in places, shows the secondary diallage cleavage imper
fectly, while the olivine is but little altered, both minerals con
taining numerous magnetite grains. Considerable secondary bi
-otite occurs bordering the magnetite. The olivine affords the 
nuclei for the augite to crystallize about. 

261. Bills of Grand portage. 

A Grayish brown rock, weathering to a rusty brown. Medium 
grained and granular 

Section composed of irregular masses of augite holding olivine 
and magnetite, and dissected by lath-shaped divergent plagio
clase crystals. The olivine is abundant and is more or less 
altered to yellowish and brownish yellow serpentine. Consider
able green viridite and some biotite formed from it occur in the 
.section. The augite, as well as the olivine, often contains much 
magnetite in disseminated grains, while the former shows the 
secondary diallage cleavage in places. 

1)3. East Duluth. 

This is mfcroscopically a dark gray compact crystalline rock, 
showing lath-shaped feldspars. Microscopically the section is 
seen to be composed of a brownish augite, feldspar, olivine, mag· 
netite, apatite, and various secondary products. The augite 
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shows the ophitic structure first described by M. Michel Levy,* 
• and later by Professor Pumpelly under the name of "lustre

mottlings."t Attention has further been called to this structure 
by Professors A. Geikie,t R. D. Irving~ and J. W.Judd.11 
This structure consists of a large irregular area or various 
areas all belonging to the sa me augite or diaUage individual and 
cut by lath-shaped divergent feldspars. In one form or another 
this structure is very common in the diabases, and usually is t,he 
form of crystallization standing next to the granitic, ill its coarse
ness of texture, or one step nearer the fine grained basalts. 
Many of the preceeding described rocks show the ophitic struct
ure more or less perfectly, but not so well as t,his se(\tion. The 
olivine is altered for the most part to greenish, yellowish brown, 
brownish yellow, and black serpentine containing secondary 
magnetite sometimes marking the former olivine fissures. Con
siderable dirty green viridite and secondary apatite occur in the 
section, while some secondary biotite was observed in the vicin
ity of the magnetite. The augite in places has the secondary 
cleavage of diallage. 

53 B. East Duluth. 

A dark reddish brown rock containing pinkish and gray feld
spars in a dark brown groundmass. 

683. Between Little lake and Little Trout lake. 

A gray crystalline rock containing lath-shaped plagioclase 
crystals and in the section it is seen to be composed oflath
shaped plagioclases with a few tabular feldspars forming diverg
ing angles with each other and cutting the yellowish brown aug
ite, which approaches diallage in its cleavage. Some greenish 
altered olivine pseudsmorphs of serpentine, carrying maguetite 
occur, while the augite is in part replaced by hornblende, chlor
ite, and viridite, which alteration products occupy much of the 
mass of the section, whose structure otherwise is ophitic. 

* Bull. Soc. Geol. France, 1877, (:J), vi, 156. 
t Proc. Am. Acad., 1878, xiii, 260. 
t Trans. Roy. Soc. Edin., 1880, xxix, 495. 
~ The Copper-bearing Rocks, 1883. p. 42. 
i Quart. Jour. Geol. Soc., 1885, pp. 360,361; 1886, p. 68. 



492. Neal' Kn{f"e Falls. 

29'>' Partridge portage. 

298. 80llth Fowl lake. 
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These are fine grained gray crystalli:Qe rocks, approaching 
closely upon the more coarsely crystalline type of the me1a.phyrs. 

No. 4H3 is ophit,ic in structure and contains SOllie olivine which 
is largely altered to a greenish or brownish serpentine. Consid
erable viridite also occurs. No. 296 is similar, but the olivine is 
abundant, and but little altered, while the feldspar has suffered 
considerable kaolinization. No. 298 has suffered still further 
alteration, the olivine being nearly obliterated. and the augite 
in places being altered to viridite, green and brown hornblende, 
and biotite. J'rInch secondary quartz, apatite, et,c., occur. 

49. Duluth. 

A dark brownish gray rock of a somewhat porphyritic text
ure. 

The section is granitic in texture and composed of lath-shaped 
somewhat kaolillized feldspar, magnetite, brownish augite, 
greenish pseudomorphs of serpentine after olivine bearing much 
magnetite, apatite, viridite, pyrite, and quartz. Of these the 
only original minerals are the feldspar, augite, olivine, and part 
of the magnetite. 

615. Neal' Pigeon point. 

A dark gray crystalline rock. The section is composed of 
plagioclase, magnetite, augite, and abundant secondary pro
ducts, the chief of which are viridite, chlorite, biotite, apatite, 
magnetite, and quartz. 

The augite is reddish brown and has suffered much alteration
The least altered portions are clear, but of a brown color; those 
portions more highly changed are filled with the dust and 
needles of magnetite, the same as is usually seen in the diallage 
of gabbros, while the most highly altered parts are changed to 
viridite, chlorite, biotite, etc. 

459. Lower falls of the St. Louis river. 

A grayish brown crystalline rock, with its feldspar tinged 
with a ruddy hne. 

... ~ 
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'L'he section is composed of feldspar, chietly plagioclase, angite, 
magnetite, and various secondary products. While the section 
in places is an excellent, diabase, in other parts it is an ell nally 
perfect quartz dioryte, being composed of plagioclase. quartz, 
magnetite, hornblende, and some biotite. Secondary quartz ill 
the graphic or eozoon form is quite apundant in portions of the 
section, and the rock in places shows the groundmass of a quart7-
porphyry. Pseudormorphs of serpentine after olivine are Hot 
uncommon. They are filled with hematite and magnetite. Vi)'i
dite and ferrite are also quite abundant in the groundmasii. with 
plates of chlorite and biotite, apatite needles, quartz, ete. 

695. North shol'e of lIIayhew lake. 

The section is eomposed of feldspar, augite, magnetite, 
serpentine pseudormorphs after olivine, viriclite, secondary 
quartz, apatite, microlites, biotite, etc. The augite for the mOiit 
part, is of a pale, yellowish tinge, with high, refract,ive power, 
and is closely like olivine, but differs optically. On its borders 
it, is largely altered to a grayish brown fibrous material and to 
biotite. 

137. Sec. 28, T. 56, R. 7. 

Is a greenish crystalline rock filled with a greenish earthy 
material. In its geoditic cavities it contains quartz crystals sur
Tounded by the green earth . 

. The structure of the section is granitoid and composed of dark 
greenish brown augite, highly altered feldspars, magnetite, and 
as secondary pr.oducts much quartz and a bright green substance. 
The augite closely resembles some brown hornblende, but it is 
only feebly pleochroic, and shows the cleavage of augite dis-· 
tinctly. The color and appearance is doubtless owing to a par
tial alterat,ion towards hornblende. Although the feldspar is 
much altered and filled with micaceous scales, it showR in places 
the triclinic twinned polarization. 'L'he clear deep green min
eral is in aggregately polarizing masses, and in radiating 
spherules. The extinction occurs when the fibres are parallel to 
the plane of vibration, while the mineral is slightly pleochroic, 
varying from dark green to light green and to pale yellowish; 
.and hence is most probably delessite. 
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47. Superior str-eet, Duluth. 

A brown crystalline and somewhat porphyritic rock with its 
feldspars partially tinged with red. Contains pyrite. 

The structure of the section is ophitic and composed of diver
gent feldspars cntting the irregnlar augite grains. Angular 
patches of a former interstit,ial basaltic gronndmass are now re
placed by brownish and greenish scales of chlorite, viridite, fer
rite, quartz, etc. Many aggregations of greenish and brownish 
chlorite occnr in the section, replacing augite, and some from 
their structure and contained magnetite are probably pseudo
morphs after olivine. The feldspar is much altered, showing 
aggregate polarization and containing numerous grains and scales 
of quartz, chlorite, and other micaceous minerals. 

6. Dulnth. 

A dark gray crystalline rock with lath-shaped feldspars. Some 
of the felpspar is tinged with red. 

The section has all its silicates more or less altered to quartz, 
chlorite, biotite, and magnetite. The pyroxenic constituent has 
in most places the characters of augite, but in some parts those 
of diallage. The section contains numerous microlites and 
needles of apatite, which I consider to be of secondary origin and 
produced during the process of the rock alteration, as in many 
cases they are found inclosed entirely in the secondary quartz. 

In places the section has the reddish-brown groundmass of 
porphyrytes, composed of ferrite, chlorite, quartz, feldspar, mag
netite, etc. Chloritic pseudomorphs, apparently after oli vine, are 
common. 

63S. Nor-ih side oj Encampment island. 

A dark brown rock of compact crystalline texture, and some
what dark spotted. 

The section is principally composed of aggregations of lath
shaped plagioclase crystals, cutting detatched irregular patches 
of augite. The feldspar contains inclosed much altered globulitic 
base as well as minute granules, which fleck the central portions. 
'1'he section contains several patches of colorless and brownish 
chalcedonic material, showing spherulitic polarization in places. 
Much viridite and chlorite was observed, part':(cularly in the 
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feldspars, while a chlorite vein crosses the section, with the 
fibres at right angles to the walls. 

200. Fall River mine. 

Is a dark brown crystalline rock, slightly porphyritic and 
showing the lust,re mot,tlings ofPumpelly in places. It has been 
penetrated by the secondary native copper which is wrapped 
arou\ld the jointed fragments of the rock. It varies much in differ
ent portions in the amount of its alterat,ion. 

The section is composed of augite cut irregularly by basaltic 
plagioclase and interstitially holding magnetite, olivine and 
secondary viridite, chlorite, qnart,z, etc. The section in the 
vicinity of part of the magnetite is stained yellow and red by 
ferric oxide. The olivine is mainly altered to brownish hema
tite, to magnetite, and to yellowish and greenish serpentine. 
Part of the section is ophitic in structure and part {jrannZitic, as 
that term is used by Judd.* 

200 A. Fall Rive/' mine. 

Is described as a concretion in No. 200. In the least altered, 
and most coarsely crystalline portions, it is composed of pinkish 
divergent, lath-shaped feldspars, with interstitial dark material. 
Irregularly int,ermingled with this are dark brown to black or 
yellowish brown masses and streaks of decomposed and softened 
rock with a hardness of about 3. In the coarsely crystalline 
portions occur segregations of chalcedony, epidote, zeolites, etc. 

The least altered portions of the sections are composed of 
augite, magnetite, and feldspar, with various secondary products. 
The angite is but little changed to viridite and is of a clear pale 
yellow or yellowish brown color. The feldspar, however, has 
snffered much, being kaoliuized, and contains viridite. Along 
the fissures and in the patches of kaolin and ferrite occurs con
siderable native copper, as a secondary product, or else as an in
filtration. It was not observed in connection with the augite, and 
but rarely near the magnetite, although one might naturally ex
pect to find it in connection with that mineral. 'Ihe copper, in
deed, appears mainly in the interior of the feldspars during that 
stage of their alteration, in which they are brownish-gray from 
the disseminated kaolin with subordinate ferrite, but the copper 

" Qnart. Jonr. Geo!. soc., 1886, pp. 68, 69. 
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disappears when the' alteration is carried still further, as it often 
is, in the section. The feldspar here is largely replaced by , 
viridite and chalcedonic patches. In the sections of the more 
highly altered portions of this rock, the augite is changed, for 
the most part, to a dirty green viridite and chlorite, which show 
oftentimes a spherulitic structure. In the more highly altered 
parts many apatit,e needles occur. 

In the portions of the rock which are most altered the chalce
dony forms beautifully polarizing radiating concretions; 3nd the 
general appearance of t,he rock is that of granite, instead of that 
which it really is - an altered coarse-grained diahllose. 

502. Ne(t}' Knife falls. 

A grayish brown crystalline rock weathering to a rusty brown. 
The section is composed of lath-shaped plagioclase crystals ar

ranged at dh-erging angles and holding iut,erstitially the uni
form remains of a basaltic base, also abundant brown augite, 
grains and rod-like masses of magnetit,e, andyellowish, greenish, 
and bi'ownish psendomorphs after augite and olivine. The base 
has been altered into a brownish granular and fibrous mass con
taining numerous black and ('olorless mierolites. Biotite and 
viridite are common. 

253. West of Gmncl Por·tape village. 

A grayish brown crystalline rock, whose section is composed 
of augite, plagioclase, magnetite, and olivine largely altered to 
yellowish brown serpentine. In places the gl'oundmass has been 
altered to a confused mass of feldspar, quartz, viridite, ferrite, 
and micl'olites. ViriditE' is abundant, particularly as secondary 
product of the augite, and biotite and ferrite are common. 

107. Point opposite of Encampment island. 

A dark brown, somewhat spotted, slightly porphyritic rock. 
Considerably altered. 

The section is greenish, containing dark brown spots that may 
possibly be olivine pseudomorphs, but which more probably 
indicate the beginning of a pseudo-amygdaloidal structure. The 
structure of the section otherwise is ophitic, and besides the au
gite; plagioclase, and magnetite it contains much viridite,formed 
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both from the aUeration of the augite and of the felllr;l':Ll'. Ap,L
tite neeelles are COmlllOl! in the more highly altered POl"tiou" of 
the sections. 

The feldspars coutaiu numerons patches of altereu glohnlitie 
base arranged zonally as they are often r;een to be in tht' modern 
basalts. 

106. Encampment is7anil . 

.A dark brown rock, showing lnstre-mottlings and segreg'ations 
,of secondary material as well as dark spots of soft altered matter, 
the same as that seeu in 200 A. and apparently the S<lllleas the O 

material formed in the rocks of Eastern Mass_ as the beginnings 
of a pseudo-amygdaloidal structure_ 

The section is similar to that of No. 107, although it, is more 
aUered. The augite in places has been replaced bya dirty white 
opaque substance that closely resembles leucoxene, especially as 
it is usually associated with magnetite grains. Vil'idite is an 
abundant secondary product, both of the augite and of the feld
spar, while the latter is often filled with inclusions of altered 
globulitic base. 

427. Ely is7and. 

Section greenish brown and of an ophitic structure. The feld
spars are chiefly plagioclase and are clear, except a certain bright 
green aUerat,ion product, probably delessite, Olivine is COllllllon 
in fissured grains, which are altered to a greater or le"s extent 
to a 'green, clark brown, or yellowish brown ::;erpentine. The 
augite is but little changed and shows the secondary diallage 
cleavage in places. 

116. Between Splitl"ock point and Two-rI((rbol" bay. 

A dark brown crystalline rock wit,h dark spots of soft decom
posed material. 

The structure of the section is ophitic and contains plagioclase, 
augite, olivine, magnetite, biotite, and much deep green viridite. 
The viridite aud yellowish brown biotite occur in the feldspar, 
which is more altered that the augite. The olivines have mainly 
been changed to dark green or dark brown masses . 

• 
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797. Taylors Fall.s. 

A compact, greenish gray rock with feeble mottling. Fractnre 
conchoidal. 

The sections contain clear patches composed of a single, irreg
ular augite individual in which lie numerous feldspars as de
scribed by Prof. Pumpellyas mentioned previously. This augite 
and the feldspar are not lUuch altered, but outsi<!y_ of this is a 
confused zone of altered augite, feldspar, magnit~and olivine, 
with their secondary products of epidote, viridite, chlorite, mica 
scales, magnetite, quartz, feldspar, etc., giving rise to a granu-

.lar, aggregately polarizing groundmass, in which some of the 
original feldspar, augite, etc., can be distinguished. 

854, Mannheim's silver mine, Duluth. 

A compact brownish green rock, showing traces of lustre 
mottlings. Very compact and breaking with a conchoidal 
fracture. The thin section is similar to 797, but it has suffered 
further alterations. In the section are light green spots sur
rounded by a darker, greenish brown groundmass. The light 
green spots are formed by augite individuals dissected and gene
rally with the component parts entirely separated by the altered 
plagioclase and viridite. Sometimes these augite masses show 
in polarized light, that they are composed of two or more indi
viduals. The grouudmass is mainly composed of chlorite, 
viridite, epidote, feldspar, ferrite, opacite, and some pseudo
morphs, apparently after olivine. 

678 en NeM Little lake. 

This section is granitic in structure aud contains much mag-
netite. 

The augite is very largely altered to yellowish and greenish 
viridite and chlorite. The feldspar is kaolinized and in part al
tered to viridite, while the intertestial base is replaced by viri
dite, chlorite, and quartz with magnetite. J\'Iicrolites are 
common. 

717, Near Dnncan la.ke. 

A brownish gray crystalline roek. 
The section shows that the rock has been much altered. Part 
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of the original feldspar, augite, and magnetite remain intact, 
but much of the augite has been replaced by brownish horn
blende, particularly along the borders and ends of the crystal. 
Some of this hornblende shows the well-marked prismatic am
phibole cleavage. The feldspar and augite are also both altered 
to viridite, while secondary quartz, replacing the feldspar, is 
abundant. In this rock we have a diabase showing a stage ap
proaching near to the formation of a quartz dioryte by alteration. 

719. South shOl'e oj Gunjlint lake. 

A dark grayish brown crystalline rock. 
The section is similar to that of the preceding No. 717, but con

tains secondary biotite from the alteration of the augite. The 
secondary qnartz is abundant, and, toget,her with t,he other sec
ondary minerals, is t,raversed by numerous actinolite and apatite 
needles. 

Sec. 26, T. 65, :3 W. 

A. fine-grained compact crystalline rock spangled with pyrite. 
The section is similar to those of Nos. 716 and 719, and it still 

shows in polarized light its original structure of divergent feld
spars with the interstitial portions of pyroxene, etc. But the 
section is now largely composed of secondary minerals, such as 
chlorite, viridite, biotite, quartz, magnetite, hornblende, etc., 
with kaolinized feldspar and some augite. In places it shoW'S 
aggregations of secondary magnetite, with their interstitial POI'· 
tions filled with biotit,e, which is also an alteration product. 
These forms simulate closely the appearance of a mineral par
tially destroyed by the molton magma, instead of being what it 
actually is -a mineral (biotite, holding magnetit,e,) in the pro
cess of formation. The augite, when altered, leaves dirty gray 
cloudy grains and masses resembling leucoxene, while in the 
midst of some of the quartz, chlorite, viridite, etc., are to be seen 
dark orange red and yellow secondary granules resempling- titan
ite. They are translucent, and anisotropic. Actinolite and 
apatite needles are not uncommon. 

260. Near the he(dl of Wanswangonillg bay. 

A gray crystalline rock of medium grain and with lath-shapell 
feldspars. 
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This is a bighly altered diabase with a section similar to those 
of Nos. 717, 719 and 722. 

Another section has the ophitic structure, of divergent plagio
clase, dissecting augite masses, wi'h interstitial augite, magne
tite, yellowish brown altered olivines, and secondary green horn
blende and viriclite arising from tllE' alteration of the augite. 

590. Bottom oj Silver I.~let mine. 

A greenish gray, compact crystalline rock, composed of a 
grayish felc1spathic mass, inclosing crystals of greenish horn
blende. 

The section is corn posed of more or less altered eli "ergent feld
spar crystals, holding interstitial biotite, chlorite, viridite, 
quartz, titanite, etc. From the ophitic structure of the section, 
and the basaltic character of the feldspars, 'the writer has no 
doubt that this is an altered diabase, but, the angIte has been 
entirely changed, no trace now remaining, except in the pseudo
morphous chlorite, ete. The titanite in this has so increased in 
size as to have its crystallographic form recognizable. It is of 
the usual orange yellow color, and is in aggregations of crystals. 
The biotite is formed on the edges of, and is continuous with the 
chloritic or viriditic masses, afj if the biotite was formed from 
the development, of the chlorit~\. material. 

843. lJIotley. 

A brownish gray crystalline dioritie rock. 
The section is cOlllposell of plagioclase, more or less altered to 

kaolin, viridite ~lld quartz, with magnetite, and augite_ The 
augit,e is surrounde(l by green amI brown hornblende, continuous 
with the augites, and producell by its alteration. 

758. 801<tll (~f Ortishkie JJlullcie lrl7{(.!8. 

A grayish green crystalline rock. In the section this diabase 
is seen to ))e much altered. Its structure is ophitic, and the 
angite remains in places in distinct cores, surrounded by green 
llOrnhlende. Quartz, viridite, chlorite, biotite, actinolite, 
titanite grains, ete., occur 'with the hol'l1 blelHle as secondary pro
ducts. Lencoxene occnrs ,,'ith the iroll ore, which is arranged 
ill dash-like hal'S. These 1),ll's form rectangles and l'hombs with 
one another - Olle perfect, rhomb measuring for its inside angles, 
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aproximately, 70° 30' and 109° 3()'. Several other imperfect 
rhombs yielded on measurement, about the same angle. 

529. Beavel' bay. 

A dark brown crystalline rock. 
The section shows t,hat the rock is in an altered condition, 

much of the augite being changed to viridite and brown horn
blende. Secondary quartz and microlites are abuudant. The 
feldspar in places shows still its plagioclastic twinning, and the 
augite in part has the secondary diallage cleavage. 

716. Between Dnncan's and ~{nd Zctke. 

A greenish gray crystalline rock, somewhat altered, micro
scopically, while the section shows that it is microscopically a 
much altered specimen. Some of the augite is distinguishable, 
but most of it is nearly or entirely altered to viridite and green 
hornblende, part of which, however, is stained brown. The feld
spar is also much changed to the common dirty wbite kaolin
like substance, while its clear spaces are replaced by secondary 
quartz, c.rthoclase, and p~agioclase. Considerable apatite, bi
otite. and magnetite occur. 

74-9. S. E. } Sec. 28. 

A dark green cryst,alline rock. 
'fhe section shows the usual structure of altered diabases, and 

is composed of di vergent, quite largely altered feldspars (plagio
clase), with the interst,itial altered angite, magnetite, and second
arv viridite, chlorite, biotite, hornblende, etc. The magnetit,e 
is associat,ed with leucoxene and yields on measurement, the same 
angles as that seen in No. 7.58. 

169. Lglan(l No. 2 

A dark greenish gray gl'oundmass inclosing glassy porphyritic 
feldspars, showing triclinic twinning. 

This section is that of a highly altered diabase, with only 
traces of the original augit,es left. Besides the partially altered 
feldspars, it contains much secondary hornblende, biotite, virid
it,e, quartz, and apatite. 
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708. North of ~}}Iayhew lake. 

~~ crystalline granular dioritic rock, of a rusty gray color. 
The s8ction is similar to the preceding No. 269. The sec· 

ondary hornblende is, next to the feldspar, the most common 
mineral in the section, and there is a well-marked quartz dioryte. 

709. South side of Loon lake. 

A dark grayish brown to black, crystalline granular dioritic 
rock. 

This, like the preceding, is a quartz dioryte, in its section, 
showing in the midst of the green hornhlende t,races of augite 
cores. Biotite is also quite common. 

55. East Duluth. 

A reddish brown, varying to a dark brown, crystalline granu
lar rock. 

A section of this shows it to be a greenish, aUered diabase, 
now forming through internal changes a quartz dioryte. The 
secondary quartz is very abundant. The section also contains 
feldspar, biotite, ferrite, chlorite, viridite, and magnetite. 

593. Silve/' Islet mine. 

A greenish gray diabase, composed of gray feldspar inter
minged wit.h a greenish groundmass. 

This, like the preceding, is now a quart,z dioryte and contains 
some biotite. 

284. L1wille is7and 

A fine grained, gJ',eenish gray groundmass with inclosed por
phyritic feldspars, which in places show the structure of glassy 
plagioclase but in other parts are cloudy and dull or milky 
white through alteration. The thin section shows that it is now 
a fine grained quartz dioryte holding porphyritic feldspar crys
tals partially replaced by (lUartz. The groundmass is composed 
mainly of altered feldspars and secondary quartz and horn
blemle. 

755. South of Ogisltkie Muncie lake. 

A dark green compaet. rock with a conchoidal fracture. This 
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is a greenish rock in the section and it is now composed of lath
shaped basaltic feldspars, holding interstitial magnetite and 
secondary hornblende and viridite. The rock originally was a 
basalt. but is now altered to a dioryte. 

826. Near Taylors Falls. 

A dark green compact rock, containing much epidote. Breaks 
with a splintery conchoidal fracture. 

The section is that of a highly altered diabase, the only por
tions of its original structure being the remains of the di vergent 
feldspars and some apparent opacite pseudomorphs after olivine. 
The rock now is composed of granules and plates of secondary 
minerals like green hornblende, chlorite, viridite, epidote, 
quartz, feldspar, ferrite. opacite, magnetite, etc. The epidote, 
in pale yellowish granules, is abundant. 

733. FToprock lake. 

A greenish compact rock with a conchoidal fracture. Trav
ersed by veins of epidote, and its joints coated by crystals of the 
same. 

The section shows a highly aUered diabase, now changed to a 
dioryte, and composed, for the most part, of divergent altered 
feldspars, with divergent nralite crystals, interspersed with 
plates, needles and fibres of green hornblende, chlorite, opacite, 
etc. Considerable epidote was seen. 

358. West end of Long lake. 

A compact green rock filled in with much secondary quartz. 
The section is composed of kaolinizec1 or granulated altered 

feldspars with patches of fine scales of chlorite alHl mica, and 
with pyrite, opacite, quart,z, feldspar, etc. The alteration of 
this, as of several of the preceding diabases, is complete, and 
none of the minerals now 1) resent are original, but all are the 
products of alteration, while the rock itself is no longer a 
diabase, mineralogically, but is classed;under that, variety of ba
salt as an extremely altered state of diabase, commonly called a 
quartz dioryte. 
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735. Frogrock'lake. 

:A greenish gray crystalline rock composed of gray feldspar, 
associated with greenish silicates. It closely resembles No . . 59is 
but is more altered. 

The section is gray and of a granitic structure. It is composed 
gray granular altered feldspars with crystals of partially altered 
augite. 

The augite is partly replaced by uralite, chlorite, etc. Some 
quartz epidote and colorless mica plates were seen. 

778. Between Dnck lake and L lake. 

A crystalline granular rock composed principally of feldspar 
and hornblende. Its structure is dioritic. ' 

The section is composed of feldspar (largely plagioclase), au
gite cores, and secondary quartz, biotite, hornblende, magnetite, 
and microlites. The augite cores are surrounded by and pass 
into bot,h biotite and uralite. The rock is now a quartz-biotite
dioryte, but the writer has no doubt that it is simply an altered 
diabase to which its augite and feldspar allies it. 

606. Pigeon point. 

A gray crystalline granular granitoid or dioritic rock com
posed macroscopically of feldspar, biotite, and hornblende. 

The section is that of a highly altered but fresh rock composed 
now of feldspar (partly plagioclase), quartz, biotite, hexagonal 
plates of mEmaccanite, rhombic pyroxene (hypersthene), virid
ite, etc. The quart,z and feldspar are frequently united, giving 
to much of the section the graphic or eozoon structure. The 
hypersthene is partially altered to viridite and biotite. This 
rock is taken as an altered diabase containing rhombic pyroxene 
(noryte or hypersthenyt,e), which now has the characters of a 
biotitfl granite with accessory hyperst,hene. 

4:03. VCl'milion lake. 

A compact dark green rock, with a somewhat schistose struc
ture, but which the writer regards as a highly metamorphosed 
diabase. 

The sed,ion is that of a much altered but fresh rock, composed 
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of greenish and yellowish homblenlle, qtUtrtz, feldspar (partly 
plagioclase), with biotite, epidote, titanite, pyrite, and miero
lites_ III its present condition it iR hest elaRsified as n quartz
dioryte in the common nomenclature_ 

761. New' Ogishkie ~JIltncie lake_ 

A fine-grained greeniSh rock sprinkled with pyrite, and break
ing with a conchoidal fractnre. 

rrhe sections show an entirely altered rock composed of green
ish chlorite scales. colorless micaceons plates, and numerons 
granules of pyrite and magnetite. Although no absolute proof 
can be obtained from these sections to show the original status 
of the rock, yet from what the writer has seen from other local
ities he considers this to be a highly altered diabase, now form
ing ~t chlorite rock or compact chlorite schist. 

PORODYTE. 

737. Northwest oj Frogrock lake. 

A greenish gray, fine grained, schistose fragmental rock, con
taining a few qnartz grains. 

The section is grayish green and composed of fragments of old 
basaltic rocks (melaphyr) with some probable andesite frag
ments, and a few of other rocks. The basie eruptive material 
retains it,s stnlCtural eharact,ers but, has its base and grouudmass 
altered to a confused fibrous and scaly plexus of green ehlorite 
and colorless micaeeous minerals with magnetite dust,. The por
phyritically inelosed feldsparR in the nwlaphyr and andesite 
fragments are largely altered to eolorless mieaeeous seales, but 
still retain their plagioelastie eharaeters, distinguishable in pol
arized light. Chlorite, in plates, is also eommoll. Considerable 
quartz was observed in the roek mass and in larger grains, but 
it is doubtful if any of the grains are original, but are rather 
formed by the seeretion of siliea during the proeeRs of t,he rock 
alteration. Much pyrit,e of seeondary origin and a small frag
ment of jasper were seen. There oeeurs, as <1,11 alteration pro-

lG 
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duct, in the section, some microlites and radiating small bluish 
or brownish crystals. They are generally associated with quartz 
or pyrite as the nucleus for radiation, and are uniaxial negative, 
varying in dichroism from a greenish blue to a brownish yel
low. They are here referred to tourmaline. This mineral is 
not given in Prof. Winchell's list of minerals found in Minnesota, 
published in the annual report for 1882, and no mention is made 
of it in the index to Irving's Copper-bearing Rocks. 

750. North side oj Dyke lake. 

A greenish schistose rock, cont,aining pebbles, fragments and 
grains of quartz, etc. 

The sections are composed of fragments of diabase, melaphyr 
and qnartz, with int,erstitial material composed originally of 
their debris. One of the melaphyr fragments, evidently, was 
nearly in a glassy state in its original condition. The non
quartzose material retains its structure largely, but beyond this 
'it has been altered to chlorite and colorless micaceous scales. 
The feldspars retain their outlines but are entirely filled with 
the colorless mica scales, and show aggregate polarization. Py
rite, in st,riated cubes, is very abundant as a secondary constitu
ent of the rock. The quartz pro bally came from some granitoid 
rock. 

739. Nodheast oj Opishkie ]JInncie lake. 

A dark greenish, compact feldspathic groundmass with green
ish material scattered irregularly through this groundm~s. A 
few lath-shaped feldspars also occur in the groundmass. 

The section is composed of rounded and irregular rock frag
ments with their cementing debris. So far as the character of 
these fragments can now be ascertained they appear to be basaltic 
(melaphyr) with some probably more acidic ones. The pyroxene 
has been entirely altered to chlorite, and the feldspar largely to 
chlorite and colorless micaceous scales, but the triclinic character 
of many of the crystals is still distinct. in polarized light. l\fuch 
pyrite in grains is to be seen while the groulldmass is changed 
to chlorite and colorless micaceons scales with quartil. 

738. NOl'thf((st oj Opishkie lIIllneif lalif. 

A gray fragmental much indurated rock, containing qnartz 
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grains and many small pebbles. It resem hIes a eonsolillated sand
stone. This belongs more properly with the sehists and sandstones, 
but is described here on account, of its connection with No. 73H. 
The section is apparently a transitio[1 specimen between one com
posed of basaltic material and one compospd of granitie and fels
itic (quartz porphyry) debris. The major part of the section is 
made up of quartz, and feldspar fragments, wit,ll rounded masses 
{)f felsite (quartz-porphyry) and some fragments of argillite and 
melaphyr. Pyrite is eommon. 'fhe same alterations have taken 
place iII melaphyr and feldspar as before described, while the 
felsite ground mass is (hversified into a confused granular mix
ture of quartz, feldspar, micaeeons and chlorite scales. The 
quartz and feldspar fragments are apparentl:r from a granite. 

as). Northeast shOl'e of rei'll/ilion lake. 

A grayish green compact rock traversed by (luartz veins. 
The section is composed largely of debris that appears to be 

altered melaphyr, with a few argillite frag'ment,s, quartz, a lit.tle 
augite, and much seeondary pyrite. The grollndmass of the sec
tion has sprinkled through it numerous gray and yellowish 
granular masses resembling titanite in the process of formation, 
but none are in sufficiently advanced a stage to be determined 
crystallographieally. The melaphyr material is altered as in t,he 
preeeding porodytes. Both seetions of this roek show portions 
of a vein made up of irregular quartz grains containillg liquid 
inelusions with moying bubbles. Portions of the rock material 
are arranged in wavy paraliel bands, along the ,'ein in one sec
tion, but these bands }mye no relation to the quartz grains them
selves but pass through them indiscriminately, without regard 
to the boundaries of the grai liS. 

356. ]{awasacllOllp f((lls. 

A dark green compaet, sehistose rock. 
The seet.ion is composed of greatly altered debris, appanmt.ly 

of diabase, with fragments resembling a fine gray alteretl tufa 
(trachytie). The seetion is now largely altered to ehlol'ite, 
mieaeeous seales, quartz, amI magneht,e, of which the ehlo1'ite 
predominates, with the quartz seeond in amount. Not,withstand
ing the great alteration of the seetioll its fragmental structure 
yet remains complete. 



ANDESYTE. 

VARIETY - PORPHYRYTE. 

751. Mallmann' 8 peak. 

A greenish gray porphyritic rock, having a compact greenish 
gray or brown base, holding porphyritic inclusions of horn
blende and augite. 

The section has a greenish gray ground mass, holding yellow
ish brown crystals of hornblenrle, epidot,e and greenish pseu
domorphs of chlorite. The hornblende is of the usual foreign 
character in the andesitic rocks, having been attacked by the 
molten magma, which has torn and eaten into the hornblende, 
that has its edges blackened and rendererl magnetic by the 
heating and corroding effects. Some of the hornblendes here h we 
been broken and faulted, and blackened on the broken sides, 
others retain only a small portion of hornblende in the interior, 
while others are reduced to a heap of opacite or ml'gnetite 
grains. The chloritic pseudomorphs are composed of plates 
and scales of chlorite with some epidote. but whether they are 
pseudomorphs aft,el' hornblende or augite the writer can not de
termine. The epidote is in small crystals and crystal aggrega
tions of pale yellowish color, with pleochroism varying from 
colorless to pale yellow and to a deeper yellow. The epidote is 
here an alteration product, and is commonly associated with the 
chlorite. The groundmass is altered and is BOW composed of 
chlorite scales, partially altered augite microlites and gl'aBules, 
magnf'tite grains (disseminated throughout the entire ground-
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mass), felllspar, minoJites, fibrons material, etc .. all r!'I,lacing the 
usual felty hase of the allllesytes with its ine1o:-:eLl minerals. 
Here the augite, felilspar, amI magnetite are original, and the 
rest secondary. 

So far as the writer is aware, no other roeks belonging to the 
andesytes h:we heen heretofore recognizerl ill l\Iillnesota, or in
deerl about Lake Superiur, except one deRcribed by the writer 
in 1880, * as nOlle of the llialJase-porphyrites or lluartzless·por
phyries of In-ing appear to belong to the :mdesyte:;, so far as 
can be told from his description unless it be that from Stannard's 
rock. 

Prof. N. H. \Yinchell has illlleed observed the peculiar char
acter of this rock, st,ating in the anllual report for 1881: "This 
rock is a peculiar porphyry. The groundmass is amorphous, 
and the disseminatE'll crystals are hornblelllle. It is unlike any
thi ng before seen." (p. ~)3.) 

The rock itself is an altered and old anLlesyte of the variety 
known as porphyryte or hornblende-porphyryte amongst litho
logists. This andesyte, in its original condition would be called 
by most lithologists a hornblende andesyte. Plate X, Figs. 1 and 
2, show the general characters of this roek with its porphyritic 
structure. The hornblende grains on the left in Fig. 1 have 
been faulted by the action of the magma and partial1y coroc1pd. 
This is shown by the c1eayage lines and in the upper form by a 
twinned band seen in polarized light. In Fig. ~ the corosion of 
the hornblende by the magma is shown, while the line of mag
netite grains in the npper hornblende show t,he original outline. 
The lower hornblende has an interior core of the groundmass. 
This is not owning to the inclusion of the groundmass during 
the crysta11izt),tioll of the hornblende, but i" due to the interpen
etration of one of the gnawing, dissolving tongues of gronndmasfl 
that had penetrated the hornblende and which has been cut 
off during the grinding of the sectioll, leaving it as an apparent 
inclusion. 

136. Isla lid ill Fro(jl'ock lake. 

A greenish gray compact rock, having a greenish grollndmass, 
holding altered dark green erystals. 

:;:Geologyof the Copper and Irun Districts of Lake Superior, 1.')"::'0. 
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The section has a greenish groundmass holding yellowish green 
and greentsh pseudomorphs after pyroxene and perhaps horn
blende. The pseudomorphs are composed chiefly of hornblende, 
biotite, and epidote. One twinned crystal, apparently originally 
of rhombic and monclinic pyroxene, has been aUered to a yellow
ish hornblende with the dichroism varying from pale yellow to 
yellowish green. This shows the cleavage of hornblende while 
the prismatic planes are those of pyroxene. See Plate XI, Fig. 1. 

The pseudomorphs show, as a rule, regular forms, but the chlo
rite, hornblende, and epidote also occur in irregular masses 
scattered through the groundmass and are formed from the mole
cnlar aggregation of their material from the groundmass and 
not from any direct pseudomorphic pr0cess. 

The epidote is abundant and the groundmass of this section is 
composed of tabular altered feldspar (largely plagioclase) in a 
firmer groundmass of felty material, colorless mica and chlorite 
scales, epidote, microlites, and grayish altered magnetite. The 
feldspars are mainly changed to chlorite and colorless mica 
scales, while the mica, in quite large plates, is associated with the 
epidote. 

The original condition of this rock was apparently that of an 
andesyte of the angite·a,ndesyte type, and in its altered condition 
it is now best classified as a porphyryte, or if preferable, a horn· 
blende porphyryte or evell a dioryte. ' 

The analysis given below, made by Profs. Dodge and Sidener, 
of this rock, shows that chemically it, is the same as an altered 
basalt, and hence it may be t,hat my reading of t,he microscopic 
physical characters is incorrect, if or,e was to be governed by 
the chemiral composition alone in deciding. 

SiO, ....................................................................................... 49.65 
Al,O; ................................................. , .................................... 16.36 
Fe 20'" ..................................................................................... 4.39 
FeO ......... ......... ......... ............... ..................... ........................ 7.19 
e'lO ...................................................................................... .. 
MgO ................................................................................... .. 
Nn"O .................................................................................. .. 
K,O ...................................................................................... . 
H 20 .................................................................................... .. 

9.18 
8.00 
:-l.49 
1.17 
239 

100.82 
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13<1. Frogrock lake. 

A greenish compact groundmass containing porphyritic crys
tals of feldspar and hornblende. 

The sections are pale green and are composed of greenish 
hornblende crystals and feldspar crystals, inclosed in a fine 
groundmass consisting of feldspar and green hornblende plates 
and needles with some epidote granules. The feldspars are 
largely altered to micaceous scales. The hornblendes are partly 
composed of uralite fibres and some of the crystals show a green
ish exterior with a yellowish brown interior. In one or two 
cases it is reversed and the greenish portion is on the inside. 
Some of the hornblende crystals are made up of homogeneous 
hornblende material and not of uralite fibres. A nodule of sec
ondary calcite was seen. This rock is now a dioryte, but its 
structure is andesitic, and the writ,er regards it as an altered 
andesyte-XI 

Plate X~ Fig. 2, shows the structure of the larger hornblende 
crystals inclosed in the finer groundmass. 



PORODY~TE. 

153. S. lV. t Sec. 14, T. 65, 4 W. 

A fine grained, greenish compact, fragmental rock, indurated, 
with a conchoidal fracture, and closely like some of the compact 
diabases. 

The sections are green and composed of fragments of andesyte, 
anuesitic augites, destroyed and blackened hornbleudes, and a 
mineral which is pleochroic varying from yellow to ye~lowish 
brown and yellowish green. Most of its sections extinguish par
allel to a nicol diagonal, but not, all, and it appears to answer in 
a great measure to the rhombic pyroxene of the andesytes par· 
tiallyaltered to hornblende. The extinction of the clear, pale 
yellow augite is oblique, and this is altered only to a greenish 
chlorite. The feldspars are altered to the usual chlorit,ic and 
micaceous scales. Some epidote and quartz fragments were 
seen. rrhe andesitic base is changed to a fibrous or granular 
material but is not altered as much as in the preceding de· 
scribed andesytes. This rock apparently was once an andesitic 
tufa or volcanic ash, as it closely resembles the mOllern andesitic 
tufas of California. 

Plate XII, Fig. 1, shows in some measure the characters of 
this rock, and exhibits,a little to the left of the centre,one of the 
partially destroyed hornbleudes so common in allliesitic rocks. 

744. Island in the central naTr01DS of Oghshkie lJInncie Zctke. 

A fine-grained greenish rock of a compact structure, aJld con
.choidal fracture. Contains some pyrites. 

The sections are grayish green and composed of alter .. rl aude-
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sitic fragments. This andesyte was originally made up of tabular 
plagioclastic feldspars in a fine felty groundmass. The feldspars 

, and groundmass have now been altered to an aggregation of chlo
rite and colorless mica scales, secondary feldspar, magnetite aud 
'pyrite. The feldspars retaiu their forms and sometimes traces of 
twinning. The colorless mica is, in this section, in larger scales 
than those before seen, and it possesses the cleavage and optical 
characters of muscovite, to which mineral it is here referred. 

17 
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APPENDIX. 

Since the preceding pages were sent to press (March 16, 
1887) the first part of Professor Rosenbusch's valuable" Micro
skopische Physiographie massigen Gesteine," second edition, 
has been received. On page 269 it is stated in reference to the 
term saxonyte (see ante, pp. 21, 22): 

';Wadsworth, desen oben citirtes Werk (Lithological 
studies) eine in hohem Grade vollstandige und werthvolle 
Uebersicht del' meteorischen und terrestrischen Olivingesteine 
giebt, bezichnet diesen Typus als Saxonit; del' Name ist mit 
Beziehung auf den von Dathe beschriebenen Rusedorfer 'Bron
zit-Olivinfels' gewahlt. Da die ursprungliche Beschreibung 
dieses Gesteins von Dathe selbst (L. J., 1883, II, 89.) ganz wes
sentlich modificirt wurde, konnte del' Name Saxonit nicht 
adoptirt werden." 

In the above statement my good friend, Professor Rosenbusch, 
has fallen into an error concerning the conditions under which 
the term saxonyte was proposed. In my " Ilithological Studies," 
the meteoric and terrestrial peridotites were first distinctly sub
divided into mineralogical classes and a single term proposed for 
each subdivisioM.. The divisions were (1) olivine; (2) olivine and 
enstatite; (3) o1ivine, enstatite, and diallage; (4) olivine, ensta
tite, and augite; (5) olivine and diallage; (6) olivine and augite. 
(1. c. pp. 84, 85, 168, 193, 194.) Having first pointed out these 
divisions the first, third, fifth. and sixth were respectively named 
from older terms: dunyte, lherzolyte, eulysyte, and picryte; 

,while for the second and fourth divisions there were respec
tively proposed the names saxonyte and buchneryte. Knowing 
the usual fate of mineralogical terms applied to a single mineral, 
if any error occurs in the description, I knowingly and pur
posely founded my divisions upon the mineralogical unions and 
independent of any single rock or locality. Therefore having 
made out the correctness of the mineralogical division of olivine 
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and enstatite rocks from my own microscopic studies, and upon 
()ther rocks than those described by Dathe, I chose from a long 
:series of suggested terms the one which seemed to be the short
-est, best, and most euphonious. The division of olivine and 
'enstatite rocks was named in honor of the country of Saxony, to 
which country belonged the rock describeu by Dathe, but it was in 
no sense named from Dathe' 8 rock, nor is the term in any degree 
dependent on the correctness of his description, as it was dis
tinctly stated that the term was applied to the form of perido
tite composed of olivine and enstatite. (l. c. p. 193.) Further under 
the term saxonyte, when first proposed, Igave the descriptions of 
rocks from twenty-three different localities (1. c. pp. 86-94, 125-
128, 127), four at least of which were from different localities in 
Saxony while five figures of them were also given; and to properly 
destroy my term, it ought to be shown that all of my descrip
tions were incorrect and that there are no enstatite olivine 
rocks. 

Since the term saxonyte had been in good use over two years 
before the term harzburgyte was proposed by Rosenbusch, I 
claim, that by all the laws of priority, usage, and right, that 
saxonyte is entitled to stand. 

I hope to be pardoned for pointing out in this connection that 
the type rock which Rosenbusch has chosen to found his name 
harzburgyte upon is the "schillerfels" from Baste, Harz. This 
rock in nearly all the specimens studied by myself* is not an 
enstatite-olivine rock, but an enstatite-diallage-olivine one and 
therefore a true lherzolyte as is the case with a number of others 
placed by him nnder the name harzburgyte, hence by his own 
reasoning this latter term could not be adopted, even if saxonyte 
had not already occupied the field. 

• Lithological Studies, 1884, pp. 133, 184, plate VIII, figures 1, 2, 5. 
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ERRATA. 

Page 9, nineteenth line from bottom, omit certain before terminology. 
Page 18, twentieth line from top, for Jannentaz read Jannetaz. 
Page 24, twentieth line from top, for serpentinou- read serpentinous. 
Pllge 30, seventh line from top, for apprehcaos read approaches. 
Page 44, last line, for analysis read analyses. 
Fage 47, thirteenth line from top; for syenyte granite read syenyte, granite . 

. Page 47, eighth line from bottom, for nephelitic read nepheline. 
Page 51, second line from bottom, insert 1 after Fig. 
Page 53, last footnote, for Arm reacl Ann. 
Page 55, thirteenth line from top, insert than the between crystalline and 

latter. 
Page 56, second line from top, substitute a comma for the semicolon. 
Page 59, second line from bottom. for noryite read noryte. 
Page 60, thirteenth and fourteenth lines from top, for protposed read proposed. 
Page 60, sixth line from bottom, for serpentinezation read serpentinization. 
Page 61, ninth and tenth lines from top, for formatation read formation. 
Page 61, eleventh line from top, for homogenious read homogeneous. 
Page 64, seventh line from top, for exists read exist. 
Page 66, nineteenth line from top, for (ante--, page 00) read (ante, page 58). 
Page 70, twelfth line from bottom, for sphyrulitic read spherulitic. 
Page 71, thirteenth line from top, for pyroxine reacl pyroxene . 

• Page 78, seventeenth line frofu bottom, for changed to diallage read. changed 
diallage. 

Page 80, fourth line from top, for (ante, page 00) read (ante, pages 55-57). 
Page 82, eleventh line from bottom, for analy es read analysis. 
Page 88, fifteenth and sixteenth lines from top, for periphyries read peripheries. 
Page 95, sixteenth line from top, for olivive read olivine. 
Page 97, seventh line from bottom, for co read compared. 
Page 99, sixth line from top, for alteraation read alteration. 
Page 99, fourteenth line from bottom, for angite read augite. 
Page 101, third line from top, for palagionite read palagonite. 
Page 101, fourth line from bottom, for See. reacl Sec. 
Page 104, fourteenth line from top, for veriditic read viriditic. 
Page 104, fifteenth line from top, for spherlitic read spherulitic. 
Page 106, fourth 'line from bottom, for microscopically read macroscopically. 
Page.109, fourth and fifth lines from top, for quartz-magnetite, read quartz, 

magnetite. 
Page 114, eight¥ line from top, for magnite read magnetite. 
Page 114, seventh line from bottom, for felhspar read feldspar. 
Page 114, sixth line from bottom, for viridite read viridite. 
Page 115, first line on top, for ahd, read and. 
Page 116, sixteenth line from bottom, for chlorite is material, read ch loritic 

material. 
Page 124, eigthteenth line from bottom, for chlorite read chlorite. 
Page 127, second line from bottom, for Plate VI, read Plate XI,. 
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PLATE I. 

Fig. 1. Serpentine. Page 29. 

The figure shows pale yellowish irregular masses of serpentine 
containing magnetite grains. The yellowish serpentine patches 
indicate the position of some of the olivine grains, which have 
been altered to serpentine. The yellowish serpentine masses are 
surrounded by bands of lighter or colorless serpentine and by 
irregular lines 01 magnetite granules. Magnetite in aggrega
tions of grains or in crystalline masses is also shown in the 
figure. 

Fig. 2. Gabbro (altered). Pages 58, 65, 69, 71. 

In the upper left-hand portion is represented a diallage crys
tal. The diallage in its:upper portion, not sbown in tbe figure, 
is comparatively unaltered, but tbe lower portion is mucb 
cbanged and filled with magnetite as an alteration product, 
which is also arranged as a frillge, on tbe end of tbe crystal, the 
same as iron filings are on tbe pole of a bar magnet. The py
roxene passes into~cbloritic material, and the cbief portion of 
the figure is composed of radiating chlorite fibres with quartz 
and much secondary magnetite - tbe w bole forming a chlorite 
schist. 
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PLATE II. 

Fig. 1. Gabbro (noryte). Pages 59, 70. 

The lower portion of the figure represents an augitic looking 
enstatite traversed by fissures along which a fibrous alteration 
or cleavage structure is formed parallel to the plane of extinc
tion. The upper portion shows the plagioclastic feldspar cut
ting the enstatite, and is an earlier crystallization. 

Fig. 2. Gabbro, bearing enstatite. Pages 59, 91. 

This figure is formed by brownish irregular diallage masses 
cut, by the colorless plagioclase, anq holding rounded grains of 
(fllstatite rendered cloudy by bands of magnetite dust arranged 
along the cleavage lines. 
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PLATE III. 

Fig. 1. Gabbro (olivine-noryte). Pages 59, 62, 65, 91. 

The figure shows white colorless fissured plagioclase, with yel
lowish rounded olivines about which the enstatite has crystal
lized as a centre. The figure also shows patches of magnetite 
bordered in some cases by secondary reddish brown biotite. 

Fig. 2. Gabbro_ Pages 65, 66, 93_ 

This shows a crystalline section composed of pale brown dial
lage, colorless feldspar, yellowish altered olivine, magnetite, and 
reddish brown secondary biotite bordering the magnetite and 
diallage_ 
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PLATE IV. 

Fig. 1. Gabbro. Pages 51, 66, 92. 

The figure shows the fine crystalline structure, believed by the 
writer to be produced by the recrystallization of the materials 
in a rock. The chief portion of the figure is made up of 
rounded granules or heaps of such granules of feldspar, magne
tite and diallage. On the right is shown a secondal'y biotite 
with inclusions of quartz and magnetite, while the lower portion 
of the figure is largely occupied by a greenish secondary horn
blende. 

Fig. 2. Gabbro. Pages 58, 66, 71. 

This shows in the centre a yellowish brown diallage crystal, 
altered along its cleavage and fissure planes to a greenish brown 
biotite, which carries magnetite. Portions of the unchanged 
pyroxene lie between the biotite plates. The pyroxene is sur
rounded by partially kaolinized feldspars, which carry some 
magnetite and biotite scales. 
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PLATE 

Fig. 1. Gabbro (Forellenstein). Pages 61, 95. 

The central and upper portion of the figure is composed of 
colorless fissured olivine grains, traversed by a few bands of 
greenish serpentine lying between the olivine. Forming the 
base of the figure is colorless plagioclase. 

Fig. 2. Gabbro (Fm'ellenstein). Pages 61, 95. 

_ This is from the same section as Fig. 1, and shows the altera
tion of the olivine to a brownish serpentine. The serpentine 
forms the usual nE'twork traversing the olivine fissures, leaving 
colorless grains of unaltered olivine in the meshes of the serpen
tine net. A band of feldspar is shown in the lower portion of 
the figure. 
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PLATE VI. 

Fig. 1. Gahbro bearing magnetite. Pages 65, 89. 

The magnetite which occupies the principal portion of the 
figure is in irregular rounded grains surrounded by a brown 
biotite, and a clear feebly polarizing greenish substance of un
known character, but probably an early stage in the formation 
of biotite. The biotite is supposed by the writer to be the re
sult of alteration and a reaction between the magnetite and the 
feldspar which forms the lower portion of the figure outside of 
the biotite border. 

Fig. 2. Gabbro. Pages 57, 77. 

This represents an imperfect spherulitic structure of believed 
secondary origin in the rock. It has, as the nucleus, a crystal of 
plagioclase with an envelope of diallage, the intermediate por
tion being composed of a confused radiated mass of altered rock 
material- ferrite, fibrous matter, viridite, kaolin, magnetite, 
quartz, etc. The figure also shows clear colorless patches of 
quartz holding micro lites and some magnetite. Much magnetite 
in larger masses is shown in the figure. The diallage, although 
clear in places, for the most part has a secondary radiatedstruc
ture, produced by alteration. It is this structure which gives 
the schillerization or micaceous character to the rock. 

* 
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PLATE VII. 

Fig. 1. Gabbro showing augite alteration. Pages 57, 80. 

Thi~ is a crystal of augite with its cleavage running from the 
bottom to the top of the figure. The crystal is partially altered 
to a diallage and viridite which passes into a brownish horn-' 
blende on the right and left of the figure. The cleavage and fib
rous structure of the diallage and viridite is at right angles to 
t,he augite cleavage which is obliterated by it, while the horn
blende cleavage corresponds to that of t,he augite. None of these 
secoudary products agree in orientation with the augite from 
which they are derived, but the detached areas of hornblende 
are optically parts of the same crystal. Many magnetite grains 
exist in the altered portion of the augite. 

Fig. 2. Gabbro showing diallage alteration. Pages 58, 61, 68, 81. 

The central portion of the figure is a diallage core containing 
a plate of secondary reddish brown biotite. This diallage core 
as the first step in the alteration is surrounded by viridite which 
penetrates along the cracks of the diallage. As the second stage 
in the alteration the viridite passes into hornblende which forms 
the altered exterior portion of the dial1age. Surrounding the 
hornblende comes the altered rock mass now composed of quartz, 
which contains microlites, and magnetite, and brownish altered 
feldspathic material. 
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PLATE VIII. 

Fig. 1. Gabbro showing alteration of diaUage into green and 
brown hornblende and biotite. Pages 58, 66, 85. 

The left central portion is formed by a partially altered dial
lage core containing greenish and yellowish plates. The core is 
surrounded by a green hornblende formed from the diallage, 
while ext.eriorly the green hornblende passes int.o brown horn
blende showing its prismatic cleavage; and also int.o biotite con
taining magnetite which has separat.edout duriug the alteration. 
Epidote as an alteration product occurs in the upper portion of 
the figure, while rounded secondary grains of quartz are seen 
in the hornblende. The surrounding material is feldspar and 
secondary quartz. 

Fig. 2. Gabbro altered to quartz diorite, showing quartz pseudo
morphous after plagioclase. Pages 53, 68, 88. 

The upper portion 0'£ the figure is occupied by quartz grains 
holding kaolinized material derived from altered feldspars, while 
the lower central portion is composed of quartz retaining the 
striations of plagioclase and part of t.he kaolinized matter. The 
right. and left of the figure are occupied by brown and green 
hornblende, and the centre by yellowish brown titanite. 
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PLATE IX. 

Fig. 1. Gabbro altered to graphic gmnite. Pages 68, 81, 

This is from the same section as Fig. 2 of Plate VII, andshows 
a reddish brown ferritic mass of altered feldspatbic material in
closing angular and rounded grains of secondary quartz which 
carry microlites and fluid cavities. The detached grains often 
polarize as parts of'the same individual. A brownish biotite is 
represented in the right hand lower portion of thc figure. 

Fig. 2. Gabbro altered to a biotite-hornblende granite. 
Pages 68: 81. 

This is a more highly altered portion of the same section 
shown in Fig. 1. The central portion is occupied" by secondary 
quartz which carries microlites and fluid cavities. On the top 
and bottom are represented the dark brown biotites and on the 
right hand a brown hornblende,all Qfwhich are of secondary ori
gin. On the lower left hand and in the upper portion of the 
figure is shown the brownish alteration of the feldspathic 
material. 
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PLATE X. 

Fig. 1. Andesyte altered to a porphyryte. Pages 65, 125. 

This shows the porphyritic structure of audesytes with the 
corroded hornhlende having blackened edges. On the left are 
two fractured and faulted hornblendes which have been partially 
blackened on the broken parts since the fracture. The grayish 
groundmass is composed of chlorite scales, augite micro lites and 
granules partially altered, feldspar microlites, magnetite, fibrous 
material, etc. 

Fig. 2. Andesyte altered to a porphyryte. Pages 65, 125. 

This figure is from the same section as Fig. 1, and shows two 
partially destroyed hornblendes with the interpenetratipg 
tongueR of the groundmass. The upper hornblende has its original 
outline on the top indicated by the band of magnetite grains. The 
separating groundmass has been altered to green chlorite in one 
spot. The lower hornblende contains a portion of one of the 
bays of groundmass cut off in its interior . . 
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PLATE XI. 

Fig. 1. Andesyte altered to a porphyryte. Page 126. 

This figure has its upper portion formed by a pyroxene twin, 
composed of twinned bands, running from right to left, of paral
lel and oblique extinguishing rhombic and monoclinic pyroxene. 
The entire crystal has been altered to a yellowish hornblende, 
showing the prismatic cleavage of that mineral with its dichro· 
ism, although the prismatic planes of the crystal are those of 
pyroxene: Below, but joined to it, is a yellowish green secondary 
hornblende, a crystal of which partially shows on the right. Be
low the first hornblende are greenish plates of chlorite and yel. 
lowish grains of epidote. The groundmass is composed of chlo
rite, magnetite, hornblende, etc. 

Fig. 2. Andesyte altered to a dioryte. Page 127. 

The figure shows some porphyritic secondary hornblendes 
containing magnetite and apatite, and surrounded by a ground
mass of feldspar, hornblende, magnetite, and epidote. 
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PLATE XII. 

Fig. 1. Andesyte, Porodyte. Page 128. 

This figure is of a porodyte composed of andesitic fragments, 
andesitic pyroxenes, partially destroyed aud blackened horn
blendes. and a pleochroic altered pyroxene, secondary chlorite 
and epidote, magnetite, and quartz fragments. The pyroxenes 
are partially altered to chlorite and partially to augite. To the 
right of the centre is shown one of the partially destroyed horn
blendes with its border of magnetite. 

Fig. 2. Gabbro showing alteration oj olivine. Page 93. 

The figure shows three partially altered olivines inclosed by 
colorless feldspar and brownish diallage. The olivine is partial
ly divided into rectangular interspaces by two cleavages, whose 
lines are bordered by fine magnetite plates and needles. The 
alteration usually proceeds along these lines but sometimes ir
regularly occupies the entire portion of the olivine. The dial
lage shows in places its fine parallel cleavage and disseminated 
magnetite dust. 
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