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than four feet of the margin, is plainly visible in lath-shaped
crystals a millimetey long. In distinetion from the typical gabbro,
the feldspar is sharper than the augite which is not go large, and
there isg generally a distinetly finep grain near the margin which
is particularly dense in the diabases. Op the other hand in the
typical gabbros the grain may be coarser at the margin ang even
when it is finer, it may have solidified originally as glass, and the
grains seem, to have afterward devitrifieq into a rather charac-
teristic fine grained aggregate. It must he remembered, however, that
VErY many other writers do refer to amygdaloida] diabases, and call

diadbases many of the rocks which I call melaphyres.  Others call
them basalts,

course the line between them ang uralitic
be hard to draw. It must also be rememb

. Anorthosite is g term used by Lawson (as
to note) for Minnesota occurrences’t
writers. It ig g Latinization of Irving

A. N. Winchel] forgets -
and by various Canadian
’S name anorthite rock., A,

m plagioclasite because the
feldspar is not always anorthite, But the anorthite molecule is

largely present. As it does not occur in Michigan except in peb-
bles, so far ag known, we do not ha

Gabbro, diabase, and melaphyre, olivine diabase and ophite is the

iation in names, In the first place
it may be notedq that there ig (I think) no essential difference in

chemical character implied by these bames, though in the chemi-
cal classification Some are 11, 423, Ada.me]lose; 11, 534, Andose;
11, 535, Beerbachose ; 11, 5445, Hessose (many) ; 111, 534, Campto-
nose; III, 5445, Auvergnose (most). Thig latter in the writer’s
judgment covers most nearly the norma] composition of the group
and Winchel] in fact assigns ten analyses to it. Siljea 45-49 per
cent, AlLO, about 1¢ per cent, CaO about 10 per cent, iron oxide
10-13 per cent. These are the fundamenta] factors.

There i, however, g variation in the amount of lime and soda,
The very same flow will show g variation in different parts in
un from six to ten per cent; the
igher in lime and seems to be thus
nearer the eutectic. The potash, as will be readily seen in looking

over the analyses, ig always less than the soda and usually less than

. o —_—
“Minnesota Survey Bull No. 8, 1893, pp. 1-23.

63
N.
KEWEENAW SERIES OF MICHIGA
<
in inver tio to the
oda varies somewhat in inverse fmil fo to e
o s i -ocks are fo
» i ‘hich these rock 1
-arious places 1In W : o found i e
o ‘3”0“;{.1)11‘ are partly due to this vauitll?tt,le u e
Jassification ¢ . ais. A lit 2
{]‘IN'T(I‘ due to inaccuracy of analy s1fs.tl et o
esibly S ;

\ ‘]l,{(x alumina gains at the expense lyoq fhe magnesia, of
AN 1d at the expense of the silica, malxek “b o
. N1d¢e <€ . hich me ¥ 3
e m'ﬁmﬁon and even a change, “1;1(: e tant
e tion ’ -rous to ferri
e iti f the iron from ferro
-ondition o

< v ‘[' 1 rt f ‘“ e l S ]ﬁ ‘[ 'th 't t t e Cl
J 118 [)( catio Quﬂn »
I Oy 1 S a O 1€ Cclass 10n e 1tative ass

3 per cent.

lime.
(‘h()]“i(‘il]
also quite

in 1,]1(} (

influence. S
l;" .tion fails to be a useful gui
feat:

1 ( S see 1 € [ .‘ W dly be
2 hﬂt 1 ’Ould haI‘

1 (OIS It se mS, heI’ fOle,

i i 8 fﬂ(f ors.

l]l]])(}] an

‘ e the names
. final to chang
. N -t in some sense
n a report i

r intrusive
\ o use for the deep-seated
N e the term gabb 0 Tor

ore used. 1 us

herefofore

rystallized as the
in which the feldspar is usually as coz}rselyTilg last interstices
rocks “d 1;;;oth constituents are fairly CO&lTB. or micropogmatite
aqugite an ) arely orthoclase : :
¥ b quartz or r i intrusive
may be filled wgfn lptqv Digbase will be applied to the
but are never pLy.

i ar han the corre-
d sills in which the feldspar is coarser t
s and

e. The
dike ¢ typ

: leriti
. 1 3 Cept mn tlle do . 3 S
. ar in the effusaveS_ ex . last interstice
Sp‘mdn.]g felizpaenebally filled with augite butnthedeSCI’ibed,33 may
imerstlcﬁida acitc’l interstices, which I have f(;l fy;alds:par known as
o Qfol]((ifi \’V‘ith an intergrowth of quartezreazt one time filled with
be fille . interstices we . : 1s
. tite. That the in ) ) o minera
amcr(}pGglmgi@:lewhich tended to react on the lpre;1 ;ifshﬁ?ﬁers o
a hot soluti itic type of the melap ;
. ite plain. The doleritic type . re likely to be
i quite pla:nonly in that the last interstices o I::Zd seem to have
‘rjlm. dm@ﬁ?ioncen tric coatings of agate or c.hlouS e There may have
filled wit probably at one time gas-ﬁllezi };0;‘(131(; flows the chances
been very e icker part o o
. in the thic i no signs
been S()I.Iletgﬁsesypgggerllce of residual glass and there are
a1e agains
Ny : y, following the cus-
of it. ich I shall still apply, fo "
y re term which I s . ke up the grea
M claphyg; lcsfailane down, to the flows \Vlllc};tl}‘;agl;nesally amyg:-
tom: from Ma sies. The upper part i ‘ .
of the Keweenawan series. inerals. There was,
buikx(; flﬂifith gas bubbles filled by secondary min
daloidal, w b

., but this is now
e or less glaSS, A the

indoubtedly more anywhere 1in t
t may occur y in  different

originally bles

largely decomposed.  Bub hich one shall :

ﬂ’ v and the exact width wh is a very uncertain fac-

o the amygdaloidal portion 1 ter thicknesses are

cases _give v over five feet. When grea

tor. It is not usually by A. Harker, MacMillan & Co. Also his
& by A. ,

k 178.
: of Igneous Roc ag. 1903, p.
i ‘;Nfl;%lralugnltﬁglt‘iyve Classification, Geol. Mag
veview of t

%Vol. VI, Pt.'I, p. 235




64 KEWEENAW SERIES OF MICHIGAN.

given it will often be found that the whole of one small flow bas
been counted as part of the amygdaloid. The upper part of the
flow being called amyydaloid. the central part will (following the
miner’s usage) he called trap.  In this more compact and massive
part the original characteristics of the flow are often more distinet
than in the upper part. where secondary decomposition has often
goue on to a very considerable extent.

The division of the melaphyres into groups is made Iargely upon
the basis of the appearance of the trap. In the first place, there
may be large crystals of feldspar which seem to indicate that the
hot lava from which the melaphyre came had started to crystal-

lize under conditions of very slow crystallization and very possibl
3 v ,

before cruption, so that the crystals are intra-telluric. Such rocks
Rosenbusch would eall (if the feldspar is labradorite as is often
the case) labradorite porphyrite and Kemp and Pirsson would call
them basalt porphyry, and in some cases, perhaps, dolerite por-
phyry. Streng called them melaphyr porphyr. The Kearsarge foot
is one of the most characteristic of these labradorite porphyrites
(see PL. 7, core from Mandan drill hole 18 at 90 feet), but simi-
lar rocks are also found abundantly toward the base of the series,
both in the Bare Hill district on Keweenaw Point and also on the
Gogebic Range where they are found just north of Bessemer and
may be traced west into W isconsin and east past the south end of
Lake Gogebic. They may be found also in the Porcupine moun-
tains,

There is another kind of porphyritic texture which occurs es-
pecially toward the top of many of the flows. There are in this
little crystals of feldspar, generally not more than one-or two mil-
limeters long, whereas the kind of which we have just been speak-
ing are several millimeters in length and sometimes several centi-
meters, even an inch, in length. These crystals are frequently
aggregated or one might almost say clotted like curdled milk. I
have called this texture glomcroporphg/ritic.a* It may be seen in
studying a series of dri]] cores from the same flow (ef. Plate VII),
Ss. 15295 and 15384) that from g distinet glomeroporphyritic texture
at the top the rock may pass into an even grained texture at the mid-
dle or there may be at the middle n tendency to mottling due to
the occurrence not of patches of angite hut of patches of feldspar
which have grown together. The texture I have called the glom-
eroporphyritic seems to bhe associated with an extra amount of

soda. I do not think it is due to an Jntra-tellurie stage of crystal-

o T ——
#Vol. VI, Pt. I, p. 167.
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lization. that is to say, that these crystals started to form deep
hin the earth and their formation was interrupted by the vol-
outburst, but rather that the presence of so much soda tended
to promote their crystallization in the shape of andesite feldspar
hefore ihie eutectic in the final cooling, and before the lava came
entirely to rest, perhaps, at any rate at an early stage of crystal-
lization. It is thus a chemically significant texture. It may be
found in various parts of the series, but it is especially character-
i«fic of the Ashbed group above the Greenstone. This group I
called in Volume VI the Tobin porphyrites. They are very close to
Rosenbusch’s Navite family. (See Pl VII, Ss. 15295 and 15384.)

The final goal toward which these lavas seem to have tended
in crvstallizing, that is the most fusible and the last crystallizing
residue, is at the same time a most common independent type.
Apparently, at an early stage there was a tendency for olivine to
form, but at a later stage (probably at a lower temperature when
augite could form) augite has taken the place of the olivine which
has been reduced to corroded remnants and has been crowded ahead
of {he patches of augite. The feldspar is a labradorite and lime soda
feldspar of a composition near Ab, An, which seems not to have
crystallized as soon as the temperature fell to the point where it
might have done so, as it does not become as coarse in proportion in
the center as the augite. Still it precedes the augite and magnet-
ite. The last thing to crystallize seems to have been the augite and
ihe composition of the rock as a whole is not far from that of
angite, nor is it far from that of Bunsens normal basaltic magmau.
(Tabte IV, and Fig. 12.) The result iz that relatively small
feldspars e in a ground mass which isa cement or matrix of augite.
fn the coarser part of the flow the augite is so coarse that very many
feldspar crystals are imbedded in one augite erystal. Toward the
nurgin the augite is finer, so fine that a granular aggregate of sev-
eral graing of augite may make up the interstices between the
feldspar (which mainly occurs when there is a sort of transition to
{he glomeroporphyritic type at the top of the flow when the center
is typically ophitic.) This is the structure which I have called
ophitic and T have called the melaphyres which show this structure
ophite.  Winchell®® is inclined to object to this. The question is
discussed in the next chapter. The rocks are precisely those de-
scribed by Pumpelly and Marvine who noticed the flashing due to
the augite cleavages when the texture is sufficiently coarse and
called them luster mottled melaphyres.

wit
canic

#“halll, Geol. Soc. Am., Vol. 20, p. 661. U.S.G. S. Monog. 52, p. 398.
9



66 - KEWEENAW SERIES OF MICHIGAN.

Finally, never as an independent rock, so far as I know. there
are spots or streaks o1 sometimes long bands in the larger flows of
melaphyre where the feldspar is muel coarser, in faet all the
lization is much toarser.  The probabilities
where the mineralizers of the original n

crystal-
are that these oceqp
agma were concentrated,
They might be called rudimentary pegmatites.  The feldspar is
i all cases mueh coarser and sharply crystallized.  The angite ig
also not inf']'oquonﬂy distinetly crystallized, although its growth is
more or Jess interfered with by the feldspar. Other crystals, such
A8 magnetite, hematite and ilmenite alse appear. The interstices
last formed are commonly filled by chlorite in concentric coatings,
as though it had filled cavities and it is these places that T have
called doleritic spots, dolepitie melaphyre, etc. Sometimes certain
whole flows have ap exceptionally strong tendency to thig type
of texture. e doleritic streaks appear in numerous places.
In all such cases the feldspar, owing to coarser erystallization, is
more: conspicuous; whether there is really more feldspathic mate-
vial in the rock I am by no means sure, 1 used the term dolerite
because as generally used it implied coarse feldspar. Tf the term
dolerite is to replace melaphyre or diabase as some have suggested,
it may be better to call these pegmatitic melaphyres,

The above will, perhaps, give one some idea of the way in whicl
hames are used in this book. It is a common fault of the young
student in reading older reports, such as thoge of Douglass Hough-
ton or Hubbard to consider that they did poor geological work
because they do not use the terms in the genge in which he has heen
accustomed to use them. It is unfortunate, but it Seems unavoid-
able that with the growth of our knowledge ihe concepts which we
imply by different words must somewhat vary and so it ig always
well to be ecareful ip reading an .author that one knows in what
sense he uses terms. In the earlier geological reports it was very
common to give at the end g little glossary or dictionary. The
abundance of excellent encyclopedias and dictionaries haye made
this apparently unnecessary in geology, but just at Present in
petrography we are in the transition stage and are obliged to re-
vert to the original usage.

§3. THE NOMENCLATURE OF THR SEDIMENTARY JROCKS.

The sedimentary rocks bear a strong resemblance to the rocks of
the Permian and Triassic periods to which they were originally re-
ferred. They are prevailingly  conglomerates and  sandstones,
The sandstones even include a great variety of grains of different
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‘hich are by no means wholly quartz. The sandslton(;s :tlllﬁ
sizes W ].”CJ 3 i eEl conglomerates. There are other rocks 0' sl
ey ﬁll'e gw}]g muds and shales which occur as streak's in 't 1€
e gmm,i—‘le Sometimes these contain considemble‘whlte mica.
('(mg}(mw.ri-ﬂeé. "t:nce because J. Barrell has recently pom.ted m,]t,th?,es
i i&‘ “'{ t'l']];]l)e(;t>‘1;iﬁcilrlce of white mica in rocks of this fa?ne.l
”Hv{w(gl:l‘]"el(; 531:18S often contain ripple m.arks anq r?l,l(iai;dcp;smts
. \l,(f(;;“t seen anything that I can‘ casllmx;r;’]t{l:niil’]riiz &ac}{s prints
e ;1’(‘ ]‘ee(;ieozn?’112[11’321’%0&'1(‘5;e01§;32511€11 fom:ation is chatra(;tsziz-
e ik or black inst red. This color is not ¢ -
S gray};j}:ig: Cli\uénbsxtrejlioite or iron ore. Il_l fact, (tertalrfl'
" {.’“b()’n?ceous" Cli§ are as shuiny with specular hematite as some 0‘f
o {l]esedéo\v;;iéll Jone caﬂ now pick up along th(? shores 1())e
o b]i‘l(‘k S'-?(?r This kind of black shale, therefore, \Vh].Ch m'.ayn()t
I~Mk? {lu(]))(;la cimracferistic rock of the Nones1‘1€h formatloz; ‘iikie
e ('J : to the Devonian black shales or those of. the Ani o
. hkenIed tl(l)e region around Thunder Bay dolomites and o.t(i-
'«“‘ﬁ“‘f‘”hz ]nl ave bZen reported from the Keweenawan, but 3\71.1
;‘I”hz: ?];fnsn(l)t familliar and A. W. G. Wilson tells me that their
1ese 4 .
e o alge Z;t(;ts cte]ff‘zlen;)r* four distinct types can he 1‘ec?g-
In] ﬂl(;ncirllli (glr']st place there is the ordinary conglo‘mzerateq\;;]g
i:lgll(]‘ rounded pebbles and a sandy m‘fltrlX. ;1] tltlzza fl;rzll(‘; ;;e; m
crate the size of the pebbles is somtlmevzs veryd gon ﬁ]e ot ther
nol assorted, yet the matrix is not C'lgyey an. ulches o
resemble much more the conglomerate foun@ 1111 g chos or arroyas
1'1; the west or a beach exposed tq heavy siong;ion aown rom
1liese coarse conglomerates there is every bI’fl té on down o e
finest and there are fine streaks of con,g,rlomem.tl B
and of sandstone in the conglomerate. Usually ;@d e be. ot
contain very little material except that sulppl?ieS e oot
from. the Keweenawan formation. The porphy .
:nvflmlg the pebbles. Yet where tl'le Keweenarth of e ot
proaches the old land masses, for msteEnce, Eies o the Bogene
Range, pebbles of jaspilite from the 1P§Jn e Con?ain v
common. So, too, the co«nglomerajces jlt dan;een ot el
large number of “Laurentian granites” an ksg eon | Tronian” Db
bles which may be referred to the older roc

further inland. . | Hecla
t mACesecond type of conglomerate, of which the Calumet and Hec

~ *Journal of Geology, 1908, p. 268.
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conglomerate is the most notable example, is composed almost ex-
clusively of pebbles, and these of such extremely angular type
that the rock has often been called a felsite breccia. Credner sug-
gested®™ that this “bed of felsite breccia represented the upper end
—the cap—of a felsite porphyry injection which had penetrated
beneath the beds of the melaphyre amygdaloid following the same
surface of separation, had consolidated on its way in part and then
had been shattered by the fluid rock pressing behind and enclosed
by the same.” He expected that further opening of the Calumet
and Hecla mine would show g transition of the breccia into a mas-
sive felsite porphyry and that perhaps the point would be found
where it would appear as a dike crossing the bedded rock. This
expectation has not been realized for the conglomerate as it is fol-
lowed passes into other types of more common sedimentary con-
glomerates. If, however, he had left out the word “enclosed” and
supposed that it were derived from the shattering of a superficial
projection like the spine of Mt. Pelee, which, of course, had not
come into existence at the time he wrote, there would have been
something to be said in favor of his view, for beneath the Calumet
and Hecla conglomerate to the southeast on the property of the
Torch Lake Company a quartz porphyry has been found which
seems to be truly intrusive and there are also felsites and this
quartz porphyry appears to be the source of very many of the
pebbles of the Calumet and Heecla conglomerate, although it is not
uncommpon to find pebbles of other types and more rounded forms
belonging to more basic and softer beds. Tt seems on the whole
best to explain these breccias by the well-known tendency of felsites
to break up into angular blocks. Anyone who has attempted to
trim out a good sized specimen, knows how difficult it is to get one
of any size owing to the tendency to break up into angular pieces.
It we suppose that the conglomerate is due largely to weathering
and has not heen transported very far this will account for the
angularity of the breccia and this is what seems indeed, to be the
case, for within two miles of the Calumet mine proper, the econ-
glomeérate has changed its looks entirely and passed into the next
type which we shall consider,—the amygdaloid conglomerate. Thig
transition was also found, T am informe , In part of the workings
of the Tamarack Junior.

The third type of conglomerate is that which has been sometimes
called Ashhed and which was called by my predecessor, Dr. Hub-
bard, amygdaloid conglomerate. On the whole for popular use the
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latter seeins to be a satisfactory name because it give.s at once ilts

(.‘j]HI’n(:t'el*isi‘ic feature. It is a bed of conglomeraie 3n W])”d.l, tlp

])Oi)b](‘s are amygdaloidal. (See P’I. II B and Sp.. 2048:.) of P1. VII.)

'l‘lﬂ* matrix is generally a red, fine grained material which may be ‘fo

some extent decomposed ash and to some extent de.composed mela-

i»hwo. In =ome places the fragments of amyg(.ialmd appez}r to bcj
(’lo;'iwd by erosion from the top of an amygdaloid bed, but in n]a?)

sases—in fact I think most cases, they appear to be rather scoria-
;.(,(mg,_wthe irregular, rough, open clinkery blocks .of the upper part
M‘ a bed of lava of the aa type. In many cases, mdeed, these Pa??
down into an underlying bed so gradually, and ’.che red ma.tm‘\
which cements the conglomerate proper may eﬁend 1‘nto cracks into
the underlying lava so.far that if one is studying dI“III hole samples
only it is impossible to tell where the amygdaloid conglomerate
md's and the lava underneath begins. For this reason I called them
in Volume VI of my report scoriaceous conglomerate afld th(? name
tutl is not unfit, but as they occur so often in connection with the
amygdaloids and as a given lode may in one place be %m amygda-
]()i&(ﬂlld elsewhere assume the appearance of amygdaloid (?onglqm-
erate there are some advantages of continuity in names in using
the term amygdaloid conglomerate which I shall the1jef01’e' retain.
This is especially true because some of the earlier \vr:1ter*s seem to
have lomped together the amygdaloids and amygda,lou.l conglomer-
ates and the gradual transition from one to the othe? 1;57 the rezzfson
why many were inclined to think that the amygdaloid itself might
he 'some sort of metamorphosed sediment.

In a few cases I have seen beds in which most of the bed or' a
good part of it was this fine red shale which may have been 01‘.1g-
‘im!lv red mud but was mixed with an amygdaloid of a pe‘cn.har
l,\‘pe'(}xil'e‘m-e]y full of bubbles, so much so that 1‘r ‘s.eefned derived
from a pumice, fragments of which can easily be'lmagmed 1?07 have
fteated along with the stream and settled, beco‘m‘mg ‘thus'scaﬁ“ered
through the red bed of fine material. In the Victoria mine cross-
cut there was a fine opportunity to study such conglomerate. 1
have felt the need of a scmewhat different term than either of the
terms previously used, and so I have used the term pum.ic"eoz/(s C(m-_
ylomerate, really a highly amygdaloidal conglomerate with a" great
.dn:zl of cement. It must be of course, understood that as W]’[h. all
sedinmentary beds these different beds ave very likely to pass into
each oﬂ'ler.uand to show every gradation. At the same time a pe-
culiar lithological character may be characteristic of one bed for
a counsiderable distance.



CINAWAN ROCKS ACCORDING TO QUANTITATIVE CLASSIFPICATION,

A

D

4

SUMMARY OF KEWT

KEWEENAW SERIES

OF MICHIGAN.

1800,

Streng, 1877.

|

. 5] i
S . 2 2 o
a0 = - = I3 @ ~
& =y = = = - '
% £ STE = = S @ . S
— £ e = == == - o %
. mL Lo —_ B . = . == %
4 [ = P N == o & - ]
7 o T = = = = < -
= L CETTA =g i LT De 2T 8
= e = Br : - ~% Tz <
= S E gEes cE Z= = & EZ =
= = . mEoe = =5 = ‘,z T &
. = i T iey: S =
» FEA Z SRS S ey - ,/;g DE A
Te c < = = SO Mo
S
. @ -
oy % 5 oo 8 Loz g T
== &% &S v oZs . . z ¢ g ==
c3 n . Trid ~ 5= = o Qi Z S <
=g 2 1Y 2ET - Bz & i o P 23T -
g2 S| U8 gizes B IR ESL g TEomn o £z
btg —~ "‘S &Eﬁéﬂ T Is w5 EER_om g A
> - -2 B 5 > < FE R o sy & Tz
Z gl wAE :E%Z,_:*: £ <= Loy .:*_.%;,9‘5 A
= = EEELI E &= - ELEEZ S 3
S| [5 58585 = 2= & 85538 5 20U
— S T ERER A EA Tl oA 7 sV <V
—O = = b ~
i — =S o — A [
| — o
l‘ I % 13 P
i | o S8 ggy o & EZ
! . = Zs X =2k e & SR
' o2 & == cen= 0= <o 7] il z .
== & | . Q. : ©¥3E o alezg . & ST L P
G S ThLE @ =00 & Cwl8s= 1 Sgo =3
¢ TE S Ege @ S8 £ CiegiT m EgT =2
Toan % it 37 < !Oa;w « g“q L Q;Eﬁd"’m: 5) =t} e
S 5% HELS TORE_RE o E2EExm % 38A &
<2 gL T L =i DN I s
;8 2% ¢ | 8§75 % ufca & BRSVgs © esfs L
wE Sk = | wE doE o Zoz3 P feddsn £ £ESE “
. foy < Z odg = o= ::_—f,_cwwp @ o .
g g8 3 L2 288 & CaSm § EESERS 8 FEeE <
— e = L= it =he
= A~ i e} @] [ - o A
‘ P i
‘ © . ; g £ !
= % [ S B g 5 8
= . L .= T = =
T w2 & 2= T = BE oo & %I s g8, £
SO ~ mS X B3R 5 <% BE I zZg X W 2 g5z T
i - P oo g2 B H =ox e= | ] _Qdc: (=
HEE S oA D P Lo &x X B - .2 2 =
bgmg = 87 @ o & e p. T AR B © § Ssz I
EL.8 oS4 = 82 0B S Ba o AT E| LY =RE B
POk e L ®% ®g o me W - 3 0 g, o .
) At r— [3) pee PR 2 T
S_¢8 g »P ¢ TE ;8 £2 § 29 = L2% 8T o
§%c= = €8 5§ 3 7 Ve &5 B g2 oz TBE 55
[ Pv-gie Tt = . aye < - ;
TREE & Em 3 24 < s S5 # 23 5 [Em 2533 <
— o 5 =z =
= o~ [} jmtecge &) ﬁ‘ =A@
= : l : - | =l ( g
= = . = - = .
. 2 8] 2 S S 4| 5 2 2
g2 e A (-! $ g5 < =3 & "y % = =
IEC M- & &9 5P * . "‘ o
T EE 4 YEEg 2| 20 TlL yEs ool o
2 2 8= 7| LB o= 5 ¢ B =R SE58 B| O« T -
3 = S7 . NT 7] Elea . Ro8 © 55
g RER B Ad 88 Tag RE . F|%g EE2 5| 4y 8%
o 2 oNg oo S P g1.8 ofd 49s fzc 2 Lz BE
S z 5 & - o) S - zo R ;H o L= = 0wy g2
$ %8 & IE 37 RITE 732 518 825 2| 2 B4
w8 S§ & (5 o W LE SME M gE S G g
oo B ] = =W —< Py I —
M~ O e o A o —
PO N o <
85 7| = g | . =5
. A & Sos & | 4 e i
3 g~ fIES % ST B
NS 22 . ] "SO’E‘E * tﬂ?r; @8 < “g
. .o 23 . . 4 LE e 3
-2 Q’ﬁ Tl 4. .8 R - $g gL 2 | |z
T AR s LS B 20 = . & 8 85 . F A
3 .eT 8 = <2 .9 o=} o e el =
vl [X=) = ol Lol = g oed . D
LN E~T 25 R 2N Hasgds w | 8 SEE = + o
Tgss .8 £S5 g .0 SnOR= 0« e o pan i | §
[ Feis~g Zpo o [exg goka= m |5 FTE - =
= LD P . = 3 —
g A | S5-& & I w3 & | =<

Gabbro (?)

KEWEENAW SERIES OF MICHIGAN. 71

§4. METHODS OF STUDYING CHIEMICAL RELATIONS.

1) The Quantitative Classification. As we lave above men-
{ioned, some years ago there was prepared by a group of leading
American students of rocks a system of classification dependent
solelv upon chemical composition. As A. N. Winchell®s has re-
cently determined according to this classification the position of
all the Keweenawan rocks of which chemical analyses have been
made, it will not be necessary for me to repeat his work. I have,
hu“1&wng summarized his table, and since many who read this re-
port will not have the definitions of the different terms at hand
we repeat thiem from the original publication in so far as it is
necossary to make clear the relations of the different Keweenawan

rocks,

CORRIZLATION OF NOMENCLATURE OF KEWEENAWAN IGNEOUS
ROCKS WITH QUANTITATIVE CLASSIFICATION. AFTER
A. N. WINCHELL.

All rocks are in Subelass 1 for which corundum and zircon<1-7 of the rock.
Crass I, “Persalane.” Quartz and feldspar > 7-8 of rock.
Order 8. Quartz > 3.5 of feldspars but < 5-3.
Rang 1. “Peralkalic,” alkalis > 7 CaO.
Subrang 2. “Dopotassic.” 7 > K L0 :Na,0> 5:3,
“Magdeburgose’” — felsite J. Hubbard, p. 28.
Rang 2. “Domalkalic,”” alkalis <~ 7 CaO but > 1.6 CaO.
Subrang 3, Sodipotassic 5 : 3 > K,0 : Na 0 3 15,
“Tehamose” — Mt. Houghton felsite 17193 A, Hubbard,
p. 42, silicified.

Order 4, “Britannare,” quartz not so high, 3 : 5 > Quartz : Feldspar
>> 1:7.
Rang 1. “Peralkalic,” “Liparase.” K 20 + Na,0 > 7 Ca0,
Subrang 1. “Perpotassic” K,0 > 7 Na 20 “Lebachose,” felsite
No. 16951,
Subrang 8. Sodipotassic. K ,0O between 1.6 and 0.6 Na 0.
Liparose Pigeon Point soda granites and keratophyres
of Bayley.
Cf. Mt. Bohem!a red rock and gabbroaplite.
Same SBubrang but Rang 2 (domalkalic-alkalis) between 7 and 1.6 Ca0O,
“Toscanose” another of Bayley’s keratophyres.

Order 5. “Canadare.” 7 quartz < feldspar.
Rang 4. Docalcic, “Labradorase.” CaO between 1.6 and 7 alkalis.
Subrang 3.  Presodie, Labradorose, K ;0 < 0.6 Na .0, Winchell's
Plagioclasite or Lawson’s Anorthosite.

f\lmu'ﬁélﬁoAfﬁGeoIogy, Vol. 16, No. 8, Dec. 1908, p. 765. ? 8. G. ST Monog. 52, p.

395




72 KEWEENAW SERIES OF MICHIGAN.

Crass II.  Dosalane and Dosalone quartz and feldspar > § of rock.

Order 4. ““Austrare” quartz between 3-5 and 1-7 of feldspar,
Rang 2. Domalkalic, Dacase alkalis between 7 and 5-3 of CaO.
Subrang 3. Sodipotassic Adamellose. Pigeon Point red rock. Tull,

109, U. 8. G. 8, p. 56,

A quartz diorite produced as a contact effect of a gabbro
intrusion?

Same but Rang 3 or 2, Subrang 4 dosodic. Mt. Bohemia
Tonalose Dacose of Wright, a red rock also associated
with gabbro. (“Wet eutectic’” ?).

Order 5. “Germanare,”  All subrang 4 or 5 dosodic Na, LO>5:3K,00r
persodic > 7 X ,0,

Rang 1. Peralkalic Umptekase and Umptekose, Felsite Porphyrite G Kewee-
naw Point, Hubbard, p. 26, 17039, 17007.

Rang 2. Domalkalic Monzonase and Akerose Porphyrite, Hubbard p. 25,
Bed E, diabase porphyrite, Irving, pretty near Ashbed type.

Rang 3. Alkalicalcic, alkalis between 1.6 and 0.6 of CaO Andase and And-
ose, Isle Royale, p. 215, Nos. 15515 and 15519, Lane;and the Duluth
hornblende gabbro, Streng; and Winchell; Eagle River 87 Ashbed type.

Subrang 5 to 4 Dosodic to persodic, andose or beerbachose Duluth
melaphyre—porphyrite of Streng, N. J., 1877, pp. 48
—117 and Baptism River Gabbro, Minn. Bull. 2, pp.
75-79.

On the line between Order 4 and 5, placerose—beer-
bachose, rang 3, subrang 5. Quartz just about 1-7 of
feldspar, alkali caleic persodic. Quartz gabbro of
Little Saganaga Lake, Minn. A. N. Winchell, Am.
Jour. Sei., XXVI, 1900, p. 374.

Order 5, rang 3 subrang 5 beerbachose Isle Royale por-
phyrite (Ashbed or melaphyre porphyrite) 15537, same
bed as the “Hessose” 15533,

Rang 4. Docaleic Hessase and Hessose.

Subrang 3 Presodie, Na ,0>5-3 K ,0.

Diabase Sweet, Wis. 111, p. 350. Douglas Co., Wis;
Quartz diabases, Sharpless, Mich., 1892, pp. 134-141;
Pigeon Point Gabbro, Bayley, p. 61, and Jour. Ceol. I,
p. 712; porphyrite 15533, ophite 15523,

Olivine gabbro and diabase, Birch Lake, Minn., A, N.
Winehell, Am. Jour, Sei,, 1800, p. 374.

Typical Keweenawan melaphyres are just about on line between Hessose
and Auvergnose.

Crass II1. Salfemanc and (subelass 1) salfemone. with one doubtful exceptions?o
also all of Order 5, 1. e. Quarta 1 : 7 feldspar, all 4 dosodic or presodic,
Rang 3. Alkalic caleie.

Order 4. Vaalare quartz > 1-7 but 3-5 feldspar,

Vaalase andVaalose diabase granophyrite, 1. e. quartz diabase, Sharpless,
1892, p. 134,

A slight inerease in alumina, within limits of
Order 5 and perhaps into the Ilessoses.

analytical error would bring it into
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2 or) 3.
fans (Subrang 4. (Kilauose) Camptonose.

Ashbed diabase Bed 65, Eagle River, Steiger for A. N,
Winchell, Jour. Geol. 1908, p. 772,

Rang 3. Duluth orthoclase gabbro basic ;‘)art by A. N. Winchell al.ld ‘bottom

o of Bed 87, Eagle River, Cf. andose by S’cel%\}elt . o
¥ n type ophites ‘‘dry eutectic’’?, . Bohe-
Rang & Alj:j;gngts_e It?aors;’sc %rgirel,o(}rgeixst-olne by Steiger, and Duluth Trocto-
1ite,f0r A. N. Winchell, J. G., 1900, p. 374; lower part Bed 64

(? Pumpelly), Lighthouse Point and other diabases.

; - > 1-7-1-1 of rock.
Crass IV, Dofemane. feldspar <3 - 5 but > : .
Cunss Subclass 1. P(yroxene), O (livine) M (agnetite) > 7 - 1 - 1 of rock (patite.)

Order 1. Hungarare Pyroxene and Olivine 7 > iron ores, Minnesotiare.
Rang 1. Permirlic. CaO + MgO + FeO > 7 Na,0.
Section 1 Permiric MgO + FeO > 7 C:}O.\
Subrang 2. Domagnesie. MgO : FeO <7 2- 5-3.
Cookose. Hypersthene gabbro by Stokes for Bayley
7036.

(2.) Osanw’s Chemical Classification. It may be advisable also
{o give some account of the latest and most glaborate Gemnzu}
classification, especially as Prof. A. Osann of Freiburg, the author,
Las named one of his types of gabbro the Keweonaw tyz?o, al‘fhougrh
curiously enough by some oversight, analyses 159 and 160 which are
the same as 8786 and 8589 of Bayley’s paper®® are not really “from
{he Keweenaw peninsula,” but rather from the Keweenawan of
Minnesota.** . ‘

Professor Osann’s chemical classification is found in a series
of papers.®? For his purpose he divides the analyses of the roclf up
info molecules. This is, indeed, the method adopted by almost all
writers treating of the subject. He excludes the water and cmjbon
dioxide as probably secondary, then adding up the ﬁg.ure's 0=1?t’f,111'1,ed
iy dividing the percentage of the molecular weights of the dlfteren.t
ntmlecules obtains a number whicl is usually not far from 1.5. Di-
viding by this number and multiplying by 100 one obtains numbers
which. represent the percentages of the differe?nt molecule“s. or
atomic groups into which the rock may be divided. The silica,
with whatever little titanium and zircon may be there, he repre-
sents by a small s, the alkalis, mainly soda and potash by A $ub-
tracting from the alumina an amount equal to the alkal}s gives
a residue which, is supposed to be combined with lime. It is called
€. The balance of the lime and all the rest of the molecules of ele-
ments not already mentioned are grouped as F. Inasmuch as to

“Journal of Geology, KOLl JQ{)'.I 712, 74
A y F Geology, Vol. 2 s Dot . . y TV XY (X
4.-2'}‘(;21]121%1&1aolg‘sGMin‘é;'alog. und petrographische Mittheilungen. XIX, XX, and XXI.
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every molecule of alkalis and all the molecule ¢ there is a mole-

cule of alumina as well as one of base, we find that all the mole-

cules of the rock may be summed up in the expression SH2A42C+

F=100. Then for plotting he used trilinear coordinates like those

of Fig. 13 and a, ¢, f. which stand in the same velation to each

other as A: C: F. but are diminished so that a-t+c+1==20. He also
uses two other symbols. Of these n is the ratio of soda to potash.

Finally if we suppose that the molecule A is all used up in orthoclase

or albite (Na, K) Al 8i, O,, and the molecule C in anorthite Ca

Al Si, Og, and that the rest of the molecules have at least one of

silica we find that it will take GA--2C+F of silica to combine with

these other molecules in the various minerals. This, however, is
not in reality strictly the case, for in most rocks there is some iron
combined as hematite and magnetite. Nevertheless the ratio of the
amount of silica present to the sum given gives one a
pretty fair idea whether the silica is muel more or much less
than  the amount vrequired to turn basic -molecules into
the minerals of the silicate family in which they most natu-
rally oceur.  Consequently he denotes the ratio of $:6A 4
204+F by k. It will be recognized at once that there is a
certain general resemblance in Osann’s and the Quantitative
Classification.  Roughly speaking, f and ¥ will be proportional to
the femic constituents of the Quantitative Classification; k will
have some relation to the different orders of the chemical classifi-
cation. The ratio of A:C corresponds to the rangs therein and the
ratio n to the subrangs. The dominant type of the Keweenawan
basic rocks, which is also by far the most wide spread, is what
Osann calls the Keweenawan gabbro type. The type formula (¥ig.
13) he gives &, a, ¢, f,,. For Bayley’s analysis 8786,—the nor-
mal gabbro which is so wide spread in Minnesota,—the formula
iS S:’BO'SO A2‘45 CII'OO B‘EZ‘QI a’l‘!‘} CG f12'5 nO'l'

It is interesting to notice how closely this corresponds to the
formula of the backbone of Kewrenawan Point,—the Greenstone
aud the St. Mary’s core ophite (Sp. 20618, P1. VI) is not very far
from the Keweenawan type, being s.,., 8, Cpy fi,.,. His effusive
types that have a and f similar, like the Rogat or Macomer type
have slightly more silica.

Of course, all these different classifications, while they have value
as systems of pigeon-holes enabling us to find similar analyses by
different authors, have back of them also the desire to express the
chemical relationships and these can often be best given graphically.
(Figs. 12 and 18.) Other methods of writing the composition of
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The double

The apex of the V marks the position of
lime melaphyres or ophites

es of silica running down to the right.

i alvses collected by lddings.

The abscissa are percent
Dots represent numerous an

! ‘tic and the normal pyroxenic magma of Bunren. 3
the normal s The line near 46¢; silica connects the ratio for

12, page 91.

ks the oligoclase aplite.

See also Jour. Geol. Vol. £
lecules of alkali to the molecules of silica.

i s have for their centers respectively
e The square mar

yres.

Fig. 12. Diagram 45 from Iddings.
The ordinates are the ratios of the mo

Vogt’s quartz feldspar eutectic.
with that for soda melaph
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a rock in condensed form have been proposed notably by Levy
and Becker. Some of Levy’s are exceptionally ingenious but as
the forms are rather complex for the printer I have omitted fo sum-
marize them here. The use of diagrams to express the composition
of the igneous rocks has also been a matter of development. Prob-
ably the best plan is that of Brogger as modified by Levy, Hobbs
and Iddings. Both Iddings and Osann also express the chemical
relation of -the rock by reference to a system of co-ordinates
(Figs. 12 and 13) and then to express the minor factors Iddings
adds a diagram whose center is determined by the co-ordinates.
Almost all such attempts use the silica, which is the largest
constituent in all the rocks we are considering, as abscissa. Iddings
uses the molecular ratio of alkalis to silica for the ordinate. The

pesition of some of the Keweenawan rocks on Idding’s plan is shown
in Fig. 12.

IPig. 13. Ilustrates Osann’s method of plotting analy ir £
o 3. £ £ ; g yses and their relations to
a‘]blte or orthoclase (Lower left hand corner A), anorthife {lower right hand corner
(,)), ferro»magnesmn_ minerals (at the vertex I'). The center of the circle is de-
gg;.#).lned by the ratio of A:C:F in the analysis. Given in order from apex they repre-
Bunsen’s normal pyroxene magma.
Analysls of 15515, a sodic melaphyre.
Osann’s Keweenawan type of gabhro.
ﬁ lime melaphyre or ophite, 20618.
qp]lipee red rock of Mt. Bohemia described by . E. Wright as an oligoclase gabbro
Bunsgen’s normal trachytic magma.
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It will be noticed that the commonest types, the ophites, are not
verv far from the central values given by the diagram.

(’),c:\lm in his diagrams (cf. Fig. 13) locates the position of the
dot representing the rock by the ratio of A:C:F. In both diagrams
the granites ave found in the lower left hand part but in Osann’s
diagrams the extremely femic rocks are at the top whereas in
Tading's diagrams they are at the lower right corner. The di-
vergence of what may be called extra alkaline rocks from normal
;H]\';llhle rocks is not as well shown, perhaps, in Osann’s diagrams.

§5. FAMILY RELATIONSHIP OF KEWEENAWAN ROCKS.

Phe subject of consanguinity Las been lately of much scientific
interest. By consanguinity is meant the relationship Letween dif-
ferent rocks due to their derivation from the same molten mass.
In studying the consanguinity of rocks it is best to group the
analyses in some of the diagrams mentioned above, and determine
which components vary most widely and the nature of the varia-
tions. We find that certain oxides are co-variants. They probably
occur in one molecular compound in the rock magma. Other rela-
tions are relatively invariant throughout the group. The invariant
relations are the marks of consanguinity. Still other oxides will
be found to be complementary. The chemical differences between
them in these cases may be due to the fact that one represents a
part of the magma which crystallized before the other, due to its
lower fusibility. Secondly, differences may be due to the settling of
ihe heavier molecules under the action of gravity either before or
after they crystallized out. This seems to -account for the marked
differences in composition in many of the lava flows where the lower
part is darker and less feldspathic than wupper parts. Thirdly,
the differences may be due to the absorption and solution of ma-
terial from the adjacent rock, i. e, assimilation. 1 have often
wondered if some of the melilite basalts were not produced thus,
by the assimilation of limestone, since melilite is largely produced
in the slags formed in smelting copper where limestone is added
o the ground-up melaphyre. None of the Keweenawan rocks scem
to have over 13 per cent of caleium oxide. The melilite rocks com-
monly exceed this. R. A, Daly has given us some most suggestive
fucts in this direction and, if we accept the results reached by
Rayley, in fusion and absorption was the origin of some of the
rocks at Pigeon Point-—rocks not unlike those found at and near
Mt. Bohemia.

One thing to which IHarker*® calls attention is well worth noting.

“3Natural History of Igneous IRocks,” p. 118.
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If rocks have any such serial relationship, their relation can be
expressed by a diagram (such as Fig. 14) in which some one con-
stituent is taken as an ordinate and all the others as abscissas whose
ends will form a continuous curve. If, for example, any series of
rocks is made by different mixtures of two types, as for instance,
Bunsen’s normal trachytic and normal basaltic magma (Table 4,
-Nos. 1 and 3, Figs. 13 and 14) or if they are made by the gradual
separation into two types, or if they are made by the solution of
one kind of rock, say of quartzite, by one kind of magma, we should
find fairly straight lines. Tf, on {he other hand, more than
two different kinds of rocks or splitting actions had been concerned,
we should not find the same regularity. The mixtures of three
rocks could, however, probably be expressed by a continuous sur-
face.

It will appear from the tables of analyses** that, on the whole,
the Ieweenawan igneous rocks as shown by these analyses are con-
sanguineous,—helong to one family which probably extends more
widely than might at first be thought, since if we compare these
analyses with analyses from the Cobalt region we find very great
similarity. Among the characteristic features may be noted the
following :**  The soda dominates over the potash except in the
extremely siliceous rocks and the potash is remarkably low. Free
quartz is not abundant and so in classes 1, 2 and 3 rocks of order
5 dominate rather than 4. There is no extra aluminous rock such
that the alumina can not be combined with the alkalis and lime
nor are there any ultra alkaline rocks. The iron is decidedly high.
Is this connected with absorption from the iron formations beneath?
In many respecis they approach pretty closely the normal series
described by Bunsen. There is some reason for believing that a
certain ampunt of strontium is rather characteristic among the rarer
bases. This is suggested not by the analyses, but by the fact that
Lake Superior water contains strontium and that strontium sul-
phates seem to be widely distributed in some of the later forma-
tions of the region.

A notable thing is that the commonest type is the auvergnose
and perhaps no rock is known which contains less silica and alkalis.
Thus Iddings’ statement that in general the “commonest rocks
are like the average of all known rocks,” certainly does not apply

#0On September 2, 1910, after this report was written (in Science XXXII, p. 313)
F. F. Grout published some excellent analyses of the Minnesota Keweenawan. 'The
reader is earnestly requested to refer to them, finding in Grout’s No. 4 a typical
ophite—107 lime melaphyre, and in No. 7 an average of Keweenawan rocks, which
curiously has the same percentage of copper shown by the Clark-Montreal sludge
analyses. Grout also gives analyses of 2 number of minerals, of which the chloritic
minerals are of especial interest.

“sCompare especially with the group analyses 40 and 41 of Daly (Proc. Am. Ae.
Arts and Sciences, Vol. XVL (1910) p. 224).
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1o the Keweenawan group. Perhaps we might connect with this
anoiher fact. that practically none of the iron and magnesia has
heen concentrated by differentiation into ultra basic rocks. A corre-
tated fact is that although the analyses are all above the line (TFig.
127, T suggested as the eutectic trongh for the ratio of alkalis to
SH;(';\. ultra alkaline nephelitic Keweenawan rocks are almost un-
known. The acmite syenite cutiing the Virginia slates*® and pos-
«iblyv the rocks referred to by Adams'™ are the nearest to excep-
tions.  Occasionally an analysic may (like Bed 87 of the Eagle
River sé(-lion) figure out a little nepheline, but I have never recog-
nized any, though secondary analeite occurs. Now it is suggestive
that while the Keweenawan analyvses come above this line which
[ snggest as somewhere near the eutectic line, in the commonest
or auvergnose type there is liftle tendency to porphyritic texture.
Nor is there much difference apparently in the age of the different
constituents.. The augite is commonly the last, yet only slight dif-
ference in composition seems to make a difference in the order of
formation of the different ingredients. At any rate there is an
overlap in their formation. Of the three principal ingredients,
latradorite, magnetite and augite the labradorite is the first to
form. the auvgite the last in the flows and smaller dikes, while in
deceper intrusives where mineralizers had a part to play the order
becomes very obscure.  We may counneet this, as T mention later,
with the retention or loss of some mineralizer which like water
has a strong tendency to keep silica in solution. DBut while the
Keweenawan family magma seems to stand on the sodic side of
the eutectic line or valley, it can not be far from it, since we do
not find any ultra alkaline rocks nor is the total proportion of
alkaline or acid rocks at all great compared with the volume of
the average auvergnose. The Keweenawan family magma may
then be characterized as anchi-eutectic, using Vogt’s term, but
slightly more sodic than the eutectic and superheated. While it
hardly seems wise to go into extensive comparison of similar rocks
which are wide spread, yet it does seem worth while fo call atten-
tion to the fact, as others have done before, that the Post-Huronian
intrusives which have played such a part in the mineralization
around Cobalt and Sudbury in Canada, not only seem to be of the
same age as the Keweenawan but of the same general chemical
type (as may be seen by comparing a page of analyses of them from
Gowganda which T owe to Mr. Bowen and from the Sudbury regions
which is taken from Coleman and Walker's papers.*s

“Report for 1908, p. 394. Also Winchell, M. H. Proc. L. S., M. J.
“iournal of Geology, VIII, (1900) p. 322,

“0Omitted. See Bowen's paper, Journal of Canadian Mining Institute, 1909, p. 517.
See 3150 R. B. Tore, J. G. 1910, p. 274. T. L. Walker, Q. J. Geol. Soc, LIIT (1897)
bp. 56, and 63. A. P. Coleman, Jour. Geol. XV (1907) pp. 770782,
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The eutectic line** of Figure 12, it may be remembered, 1 sug-
gested as perhaps one of halance between the alkalis and silica

(in the presence of other bases also and probably water), for it is.

a well-known fact that the alkalis help to keep silica in solution.
It is probably not located with great accuracy and indeed must
vary with the proportions of other molecules, but the grouping of
analyses, collected with no such thought by Iddings, seemed to show
quite plainly that the dots representing rocks were arranged along
such a line or trough especially toward the more siliceous end.
Now, if the line as shown in the diagram (Tig. 12) does represent
with some approach to truth the hypertectic or eutectic trough
it means that a rock magma which has more silica in proportion
to its alkalis than those represented by the points on the line would
on the whole have an excess of silica. In early crystallization from
such a magma solution we might expect that silica would be re-
moved either by itself as quartz or combined with some other base
than alkalis—and supposing that base to be magnesia or lime which
was in  excess, the silica also being in excess, the base
could easily have all that it could readily hold. We
should, thevefore, be liable to have diopside or enstatite
formed or RSiO, rather than some one of the bisilicates. As a
matter of fact there does seem to be a tendency for rocks which
have early ecrystals,—rhyocrystals,—of enstatite, hypersthene. or
diopside, to have analyses, points corresponding to which fall below
the line. For instance I took all of Washington’s® analyses indexed
under andesite, porphyrite, and diabase, with a few of dacite, in
which the author in naming the roek had prefixed enstatite, bronzite
or hypersthene, and determined their position in the diagram. Qut
of forty-three, thirty-three fell below the line, four on the line or
just above it, leaving six only as possible exceptions.  Without
discussing here whether these apparent exceptions are due to
analytical or other errors, are due to brotocrystals, to enclosures
of bronzite, or are real exceptions for magmas of peculiar composi-
tion, it is plain that on the whole this test seems favorable to the
line being located approximately. It should also be expected that
in such rocks with plenty of 8i0, there should not be so much
of a tendency to form FeO Fe,O, as FeO 810, and Fe,0,. This
may also be true and would give them a red appearance. On the
other hand, if a magnesian base existed in excess and was ready
to crystallize and the silica was deficient with regard to the alkalis

#0r trough. If on Fig. 12 perpendicular to the paper lines to represent fusibility
were erected, the surface joining the upper ends of the lines should have a valley
or trough along that line.

S°Analyses of igneous rocks, U. 8. Geol. Survey Professional Paper No. 14, 1903.
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e rendencey then would naturally be that the base would fake
ax lintle silfea with icin erystallizing as it conld. so that \\'f' .\'h(ﬂﬂd
Gred olivine (2MeO SIOL instead of enstatite (MgO Si0,) as the
rhovocrvstal formed. Now. it is characteristic of the Keweenawan
1-u;-ks. <o firr ag 1 know thenn that the porphyritie femic rhvoerystals
are almost withoul exception olivine, and never enstatite and very
often o feldspar more alkaline than labradovite. This is entirely
in harmony with the position of the Keweenawan analyses above
the cutectic trough as shown in Figure 12.

§6. MAGMATIC CONCENTRATION.,

Concentration due to changes (hat go on before the liguid rock
Lax solidified is called magmatic conecentration. There may be a
sottling of heavier, earlier formed crystals under gravity. To some
snch action Winchell’s plagioclasytes on the one hand and there
fore iron ores on the other may be due.

On the other hand, if in part of the fluid some constituent crystal-
lizes out owing to lower temperature, less gases, or any other cause
there may be a migration of the substance which has been thus
exereted from other parts of the fluid. Just so in the manufacture
of artificial ice some salts will be found concentrated in the residual
water, others not. Two forms of this T have called wet and dry
differentiation.

$£7. WET AND DRY DIFFERENTIATION WITHIN TUE FAMILY.
Along the alkali-silica trough or eutectic line above mentioned
{Fig. 12) there must be a tertiary eutectic or direction of crystal-
lization as between the femic constituents and the alkalis and
silica, and that I have suggested® is probably near Bunsen’s normal
pyroxenic magma, as shown in the figures (Figs. 12 and 13), in
vise no mineralizer is present, while in case mineralizer is present,
as micropegmatite shows, the tendency is to crystallize out nearly
al the femic constituents at temperatures probably above S00°C.,
while the quartz and feldspar remain in solution to be deposited
as pegmatite between 800° and 550° or lower yet. Rocks lying
along the eutectic frough will not differentiate so readily in ratio
of silica to alkalis, But if silica was dissolved. as at Pigeon Point,
or if water were lost, there would naturally be a shift in the
cutectic line or valley trough. More particularly would a loss of
water make it tilt down at the less siliceous end, and shift the
axis of the valley from the silica axis. We know, moreover, that
a rock like A. N. Winchell’s plagioclasyte may erystallize at high

STufts College Studies, Vol 11T, No. 1, p. 40,
11
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temperatures leaving a more fusible femic remnant. Thus there
might readily be differentiation in the direction of the euteetic
line or trough without much vaviation in alkali-silica ratio. Just
this we seem to have in the transition rocks( S8, 17033, 17007, 17037)
just under (16951) the Mount Houghton felsite, as well as in the
separation of the plagioclasyte of A. N. Winchell where a lighter
feldspathic part may be conceived fo have risen to the fop while
still keeping close to the 8i0,:Na,0 == 12:1 ratio. But we find
ariations of composition in more than one direction. In the first
place we find variation in composition by which the top is more
sodic than the center or bottom where there is more (augite) lime
in many flows, e. g., Isle Royale. 8S. 15515-15523. This may, in
part, be due to the crystallization at an early date of the feldspar
and its rising to the top, but there are some reasons for believing
that it may have taken place partly in the fluid state. The same
general type of differentiation, for example, seems to connect
analyses of different flows and the so-called Ashbed diabase or
Tobin porphyrite type seems to stand in the same relation to the
ordinary ophites as the top of a flow sometimes stands to the bot-
tom of the same.”? Secondly, in connection with some of the
gabbros we have a group of red rocks gabbro aplites or syenites-—
which in some respects resemble the differentiation above described,
but which also differ in that the silica runs up. This does not oceur
in the first type of differentiation. One may very readily conneet
this increase of silica with the concentration of some mineralizer
which like water tends to promote so markedly the solubility of
silica.

Finally, we have ordinary felsites in which not only does the
silica increase but also the potash. While these seem comparable
in many respects with the segregation which has gone on at the
center of Lawson’s quartz diabase dikes, the Pigeon Point rocks,
however, are, according to Bayley, partly redissolved arkoses and
it is a fair question whether the potassic felsites which occur in
the Keweenawan may not be possibly the products of solution of
some of the HMuronian feldspathic quartzites, originally full of
water. Such a solution wonld in any case be probably selective
and one would not exypect the original rock and the fused rock to
be exactly the same in composition.

One thing seems to he fairly well made out. The felsites as an
acid rock do not occur at random on Keweenaw Point but appear
to be more or less associated with two definite hovizons., one of

Flables 12 to 13
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them coming above the greatest and most extensive flow of the
1% e g . e
This felsite seems to have the focus of its

‘hole—the Greenstone.
e A second group of fel-

Jistribntion in the Porcupine mountains.  Te
vites. that of Mt. Houghton. occurs much 10\\'(31'. down, somewhere
in (he horizon of Conglomerates 6 and 8. TFelsite outbl.,u*sts &eem
o he associated with a temporary stoppage of 'volcanlc.actwn)
Jiswn by conglomerates after a big paroxysm leading to ﬂlle. flows
of hasic lavas. A question which cannot be answered decidedly
vel. ¢ the relation between the differentiation that le(ixds to th‘e
Q;ql»ln'n-:ll)lite type of rock and that leading to the felsite. l,S. it
‘possible that the gabbro aplites are only a l}alf-\xtay. step
toward the differentiation of the felsites? The relationship is cer-
tainly not serial because the soda increase is checked when W.e
parss on toward the felsite and the potash becomes much more promi-

nent,
§8. SKCONDARY CHEMICAL CHANGES.

Another interesting question pertains to the metamorphosis or
¢hange of the rocks after consolidation. No sharp line can be
drawn here between the final consolidation and a work of change
which at once begins. Judging by all we know the lava will be.a
solid rock at something not far below 900°C. and the quartz will
not crystallize above 800°C., and most of the quartz of the felsites
and qbuar‘rz diabases was probably formed between 800°C. and
5K50°C., some possibly below 550°C. Many of the zeolites were
f'm'med at high temperatures. The radial coatings of chalcedony
and chlorite which line interstices in some cases, especially in what
1 have called the doleritic texture, seem not to have replaced any
other mineral, but to be deposited from the hot waters or gases
which occupied the last interstices when the rock cooled off. An
ordinary lava allowed to cool and crystallize thoroughly has the
same porous or miarolitic texture that a mass of loaf sugar dqes,
and this miarolitic texiure or primary porosity gives opportunity
for a range of reactions which may be called pneumatolytic. "The
presence of chlorite ig particularly universal in our Michigan mela-
phyres. It will ordinarily be counted as sccondary and yet we
know very little regarding the real meaning of the ehlorite—
when it was formed and to what counditions its occurrence points.
T may be pnenmatolyvtic. T say “know” because though I make
ceriain inferences and suggestions as to its probable role vet we
cannot consider them as proven until the chlorite itself has been
produced under them. It is of the more importance to nus who are
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intervested in the crigin of coprer beeanse the c¢hlorite ix very inti- ‘ =
mately associated with the copper, and the copper often replaces it, ' 2
A curious feature is that the mine waters contain practically v ~ Z
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by I Sterry Hant™ in which he found a very stroug tendeney in 14 24 = o
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The ideal melaphyre in this case will have the molecular propor-
tions of Columm 1 below. Comparing it (reducing the silica to
the same amount Column 2) with the molecules of an ophite {(Table
XV, Analysis 5, Column 3) we notice that the alunina is low, and
we.can make the melaphyre more like our Keweenawan melaphyres
and at the same time the epidote morve like a normal epidote by
supposing that e instead of being Fe, 0, was largely Al, O,. Trans-
ferring then 419 molecules from femic iron to alumina we get the
vesults of Column 4. Column 5 is 4 made comparable with Columns
Zand 3 by making the siliea the same, Multiplying by the molecular
weights we get the percentages (nearly) given in Colimn 6. In
this column the water ig supposed to have been added to the 97.2
melaphyre, but may have been present originally in interstices. If
for instance, the specific weight of the fresh lava was 2.88 (2.88
tons to the cubiec meter) then 97.2 tons of it could occupy about
33.7 cubic meters, and the total Space occupied would be 37.8 cubic
meters of which space 11 per cent would be oecupied by water. The
original specifie gravity of the whole would be 101 3/37.8=2.68.

While this process may account for small specks of native copper
found in the doleritic interstices, I do not suppose that the great
masses have been collected so simply

IDEAL AND REAL MELAPHYRES TO ILLUSTRATE THE
HYDRATION AND ¢ NCENTRATION OF COPPER.

1 2 3 ( 4 5 , 6 7
Si Qoo 4.000 .753 .753 4.000 .753 45.2 241.6
Alp Qg o000 0T .419 .079 .155 .838 .158 16.1 85.9
Feo Oy o 1 581 | .109 .120 .162 030 1 4.9 25.9
YeO T ... i ’ 338 .064 .061 .338 1064 | 4.6 24.3
Me O, [ 1.000 . 188 .179 1.000 .188 1 7.5 40.4
2 O l 1.000 .188 .185 l 1.000 .188 10.6 56.1
Na, O, [l 1 ' |1 5.8 30.
K, 0O i

i
1.495 ![ 9.196

8.000

1.505 1.731 101.3

539.9

1. Tdeal melaphyre after formula above
found for a, b, ¢, d and e
Same as No. 1 divided by 4/.753.

» using numeriecal values

1o

. h

Real melaphyre for (-0111].)211"%()1). n
Ideal melaphyre with adjusted alumina.
No. 4 divided by 4/.753. ' -
Tdeal cupriferous melaphyre in per L:(ll
No. 4 multiplied by molecnlar weiglts.

$10. ALTERATION OF CALUMET AND HECLA BOULDER.

'\ is of the minerals associated with
his chapter on the paragensis of the minerals 1  ¢ L
- ( i full account of “replacement of porphyr;
copper™ Pumpelly gives a full ac
' i 2 i S
matrix by chlorite and copper azf;)]]m\f comelomerate fhere i a
ST : bles in the Calumet o T ! ’
mong e pact, almost jaspery
A i § phyvry, wi rown, compact, alm 1SPer)
ety artz porphyry, with a br . : .
ariety of quartz p Yy, Wi T, o Almost Jaspery
\ ix, which only glazes slightly before the blowpipc .
D v 1 meron i i dark quarts 1/20 to 1/4 inch
ste there are numerous grains of dark que L e fds
v ’ . e 4 o + ’ ar,
; tiameter, and often more frequent crystals of flesh re
m e o : 7 ine 3 sneth.
apparently orthoclase—1/10 to 7/10 inch in ](,nblrl s there ap
‘ I"H 1]01""1*211‘01v happens, that in these flesh red crys df., . ichnic
4 \ win-striation of a tr
i ee +ti <hibiting the twin-striat
wr dirty green portions exh g . oy ‘
[, i ’ nd brilliant, but is nevertheless n
jety. T ldspar is hard and briliant, g
variety. The fe | e
: y 3 g Ty ppear eav ,
intact; + the glass the crystals aj
o uf the st ing gone. This is the character
per cent or more of the substance being gone. S
of this porphyry in the freshest peblbles: Hametor, broken fhrongh
le 4 inches in diameter, §
“I have before me a pebble : en ronel
the middle. It was the same variety of porphyry I .ha\ef;; 5
/ | 4 i it 3 Q& P < 3 uartz,
seribed—the same brown matrix, with the same grains of q ;t -
' 1 the same large crystals of orthoclase, often enclosing (‘,1)13 S
e el T ; g Sre f history
f triclinic feldspar. But this pebble earries on its taci th;} hi > 3
of o «eme char interi here it is freshest, the
: ior, where it is fres ,
i ange. In the interior, wh
of an extireme chang ! here - freshest, (e
matrix, still of the same brown color, has become so soft ag. °
afrix, S 3 .  becom Soft ; "
casily éc ratched with the point of a needle. The quartz g1a1dns z}th
CANLLY SC . 1 er o
highly fissured, and the surfaces of the fissures are covere i
E " D . y A ) i i ‘ . ]
: :0ﬁ light-green magnesian mineral. The feldspar, a].thout,l
(ll')ll . F@ the point of the steel needle, has generally lost its glance,
still resists . stee le, has ger ! glance,
‘ ‘racture; it is lighter colored, and tends
: almost earthy fracture; it is light ,
and has an almost earth) . 5 ‘ ‘ 1 fends
{o spotted dirtv-red and white. In places, specks of chlout(la are
vigible in the holes in the altered feldspar, and the cleava;ge p aﬂ 8
fren W ¢ er.  As we go farther from the
‘t 1 i kes of copper. As we g
o¢ften glisten with fla AS g 1’ e
. i g : al surface of the pebble,
i i ecimen toward the original s
middle of the specime al suy > of Phle
he matrix becomes much softer, though still with brow n‘ col<?1 a
. I d then changes to a soft, green chloritic mineral,
brown streak, an > anges . ¢ pmineral
i ar e dges to a
which whitens before the blowpipe, and fuses on T.he edg ~ ; (
’ A little farther from the center there is no longer a
Pa n

aray g“] ass,

%Vol. I, pt. II, Chapter III, p. 87.
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trace of the porphyry matrin, it ix altered wholly to chlorite. The
feldspar erystals are somewhar more alicred licre than they are
i the middle of the pebhie, but the quartz grains seeny to have heen
in part veplaced by chlovite. The change 1o chlorite is accompanied
throughout hy the presence of g Targe amount of copper.  While
i the interior of the pebble, the flakes of copper are confined fo
the cleavage planes of the feldspar, and the porphyry matrix ex-
ity seareely a trace of the metal, the ¢hlorite which has replaced
the matrix contains in ditferent pavis of the specimen from 10 to 60
per cent, by weight, of copper.

“Inanother pebble of the same porphyry. not only is the original
matrix gone,- but the usurping  chlorite has been almost, if not
wholly, replaced by copper:s and we have as {he remarkable result
a quartz porphyry whose crystals of feldspar and grains of quartz
lie in a matrix of mefallic copper. There ix «till a very small
amount of chlorite present, but it seems to have come from the
change of the feldspar crvstals and quartz grains.

“Inoother pebbles of the same quartz porphyry, containing. per-
haps, less quartz, the alteration seems to have taken a somewhat
different divection, or at least the vesult before us is different, Tn
the interior of the pebble, the matrix is of a darker and dirtier
brown than in the previous cases, which may be due to the presence
of manganese in the alteration product.  Going from the middle,
the brown color changes rather abruptly to a dirty greenish-grey ;
the material also becomes softer, but it is earthy, with an earthy
adov, and gritly to the touch, The change seems heve 1o be in the
direction of kaolinization.

“The entire pebble is perneated with minute shining threads and
plates of carbonate of Time. The lighter colored portion contains
considerable copper, while nearer the surface of the pebble it is
largely replaced by that metal. Tebbles showing the various altera-
tions described above are by no means rave. Many of theny, from
Iineh 1o 1 foot in diameter, are found every day.” '

In Economie Geology, Volume LV, Number 2, pages 158173, T
gave a description and aualysis of a boulder of the Salumet a‘nd
Hecla conglomerate which was being replaced by copper. Tt was
originally some sort of o porphyry. Oligoclase phenoerysis remain
embedded in it as were noted by Pumpeliy.

Pumpelly’s observations. minute for the time, were not, however,
supplemented by elemical analyses. Two analyvses of these boulders
ire presented in Table XVTI. Side by side are placed analyses of
country rocks comparatively little affected by alteration. Just
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1he original composition of one of these altered pebbles wax

vestion which one must he cautious in answering, but the
a1 Take, for instance, the

what
oA ) e ’
seneral trend of change is Hl]nllSTirlk?lVbV]e. e o
,mni:\l analvsis of a boulder by . H. Heatl, (‘h(*mlar,. ‘0 . 'T)u.. ]..
j\‘; 1. Mining Co. Thix was a “bluish grey, greasy deposit like talc

insi 7t 1 she - owhich was turned to
found inside a boulder,” the outer shell of w ¢

cepper. The partial analysis was:
Siliea, SIO,. ..o 36.75 = .612 molecule.
Siliea, SI0,. . ... ..

i ‘ 24 57 = .294
Alumina and  foras FeO). . ......... 2457 .
Iron oxide 1 (Fe, 05 AL Os.oo oo ;g;i -
11.07 = .616

1.6 = .026?

100.00

Magnesia, MgO............. ... ..
Loss on ignition H,0; CO,............

This evidently corresponds closely to a formula :31{2(): 2MeO,
(), 2810, closely allied to that of serpentine. Se‘l'p‘(’,lltll.l(‘;.“- ':11'0
often derived from peridoites. Thereare, to be sure, pe.mdoijnes
known in the Take Superior region, but it is m'ost‘ probable 1‘11‘%11
ihe original rock was not more bagic than an ophite, perhaps much

¢ silicious. .
‘ll(;j‘:n'hlnl:Ltel_\' I was able, through the kindness of J. [.. Nankervis,
the commissioner of mineral statisties, to obtain :moﬂr.er 1)0411}191'
of the kind in which enough of the fexture was left and in particu-
far large porphyritic crvstals of oligoclase {o make one }'0;1&0.‘11:\1).1)'
sure ﬂ;:x‘r we are dealing with a porphyrite not so f(.ﬂTn(' (rich in
iron, magnesia, efe.) as the ophite but in compozition between
analyses 1 and 2 of Table XVII. . N

Theve peculiar boulders, yet after all at one time fairly com-
wmon, which were so largely changed may have ‘becn somewhat ex-
ceplional in composition to begin with, bl;lt it is very .]m)bzlble, [
think. that often they had originally over 60 per cent SiO..

DESCRIITION OF BOULDER 20600,
This pebble or boulder (20600) as may be noted, is smrounded
by a shell of copper considerably stained with carbonate, probably
' The interior next the outside is decomposed grey-
ish-green or blanched. The main mass is mixed greenish. and dark
m;n"(mn. and shiny and soft. This soft (H==1) matter is the n.'];\~
tevial analyzed.  In it are embedded white Karisbad-albite twins
of :md-esit(;, or oligoclage, one of which dug out shows 1. (001},
V. (201), M. (010) and the prism? (110},
v While obscured with enclosures so that the refraction is not easy

of reeent origin.
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to determine, for one crystal it appears to be near and a little
above 1.5345. In another case it is distinctly near 1.536. The ex-
tinction angle on I’ against M is 3°—3°, in another case 7°—7°
and generally small (in one case in that zone 10—13) ? (18°—18°),

The boulder tested by Heath had a very similar ground mass.
Both the albite and Karlsbad twinning are plainly visible with the
pocket lens.  No quartz or orthoclase phenocrysts were noticed.

This kind of alteration attacking the ground mass is not, as
Pumpelly says, uncommon.  Capt. Joseph Pollard, of the Calumet
and Jlecla mine, has quife a collection of Karisbad twins, picked
out of the soft rock, that show the crystal form nicely. They are
sometimes partly replaced by copper, and are sometimes an inch
or more in size. Very suggestive also is a boulder in his collection
whicli is a mere hollow shell, lined with red feldspar (orthoclase?)
and specular iron ore (hematite). Amnother pebble which seems
to have been originally calcite, and has a calcite core, is now
largely replaced by specular ore (hematite) with a little copper.

Red felsite pebbles often have blanched borders.

From Heath’s and Wilson’s analyses (Table XVII) of boulders
and these of the slime it is clear that wateér has been added. Fither
iron has increased or there is a greater loss of other constituents
than is at all likely. Alumina is probably nearly constant,—ap-
pears to be 50 both in the slime analysis and in 20600. Magnesia
certainly is no less and in Heath’s boulder much more. TLime has
probably increased. If the alumina is constant, the silica has been
removed. It may be noted, too, that if we suppose Sp. 17033 to be
the original of Sp. 20600 the amount of silica removed is in mole-
cules about four times that of the alkalis. If we compare the
fresh felsite with the conglomerate slime, it also seems likely that
much more silica than alkalis is removed. We may say, then,
roughly, that iron and water have been added and water glass
abstracted. It may also be noted that whereas in 17039 the rate
of alkalis to silica is more than 1:12, in the boulder it is in the
proportion .043:.523. Tossibly alkalis in excess of the eutectic are
more easily removed.

A further thing to remark is that it is doubtful if there is any
marked change from ferrous to ferric iron. Water glass removed
(Na,Si,0,) and serpentine introduced (H,Mg,Si,0,) have the same
amount of oxygen. There is, however, an uncertainty in compar-
ing a specimen from a deep mine with specimens exposed in out-
crops and necessarily oxidized. Tt seems then quite safe to assert
that the deposition of copper in the Calumet and Hecla conglomer-
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ate was one feature of a change which included also the removal
‘ ‘ 3 . -
of water glass and enrichment with water. magnesia and iron.

§11. KAOLINIZATION OF KEWEENAWAN DIKER

An alteration in some respects similar in that water is absorbed
and sodinm silicate removed, but in some other respects quite dif-
forent. is that of the kaolinization of the diabase dikes, evidently
pelonging to the Keweenawan, which is found near the iron ore
bodics.  These have heen studied by Van Hise and Patton. Tllus-
{rative analyses are found in Table XVIII. Figure 15 gives the
graphical results. Tn this figure the proportions of each ingredient
are laid off along a horizontal line, but the length of the whole line
is shortened in such a ratio that the length assigned to alumina ap-
pears constant.  If the alumina really is constant, then Figure 15
gives the actnal weights of each constituent remaining in an un-
disturbed volume of rock. Suppose the original specific gravity
was 2.9, then in 13456 there was originally 100 tons of which
originally 47.99 were silica. In the Aurora dike in a similar space
there would be less than 19 tons of silica or 44 tons in all, more
than half the dike having been removed.

A noteworthy fact is that the components are not removed at
the same time in the same proportions. It appears probable that
the rock is early hydrated up to a constant ratio with the alumina,
that the soda and potash and the magnesia go first, the lime follows
close after, the titanium oxide and silica persist. The ferrous iron
cither goés or is turned into ferric oxide. Later leaching removes
the silica without changing the ratio of water to alumina after it
reaches the proportion 2H,0:1A1,0,,—a rather noteworthy fact.

§12. CONCENTRATION IN SEDIMENTATION.

Another form of concentration is brought out by comparing the
composition of the Xeweenawan igneous rocks and the sediment
which may have been derived from them.

Not many analyses have been made of the sedimentary rocks.
One very obvious reason for not analyzing the conglomerates is
that they vary so and the pebbles are so large that one would have
to take a large-sample in order to get any idea of what the average
composition is. The analysis of crushed Calumet and Hecla con-
glomerate (1 of Table XIX) is much more basic than one would
have thought. We have gathered the analyses given in Table XVII
which will serve to give us some idea of the character of the sedi-
mentary rocks and the kind of change they have undergone. No.
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418 a rock from “Siskowit Point” on Iste Royale™  This is from
a series of dark maroon heds dipping at a high angle toward the
lake.  They are in all respects like the Freda sandstones.  Comn-
paring them with the hasic igneons rocks we see the greater pre-
dominance of fervie iron. Comparing them with the felsites we see
that there is also a greater amount of iron and of hases generally
except soda and potash which must have been removed and de
posited elsewhere, I we suppose these rocks not to have been
derived from the felsites hut from more basic rocks where the soda
exceeds the potash then we mnst Imagine at any raie a consider
able addition of quartz and removal of lime. Rocks which are,
liowever, muech more likely from their looks and appearauce to have
been devived from the basic rocks are the so-called Nonesuch
shales.”™ The analysis was of a dark greyv. almost Dlack rock which
might easily be supposed to have been a bituminous rock, but is
not. The davk color is due apparently to chlorite and iron oxide
and some beds of the Nonesuch shale show minute scales of iron

6reR, ete., Iving upon them and giving the bedding planes an ap-

pearance like the black sands of our present beaches  The rock
is also higher in alumina which is suggestive of chlorite. The
alumina is just about the same as in one of the melaphyres but the
silica is as mueh again and the iron oxides and other bases lower.
The proportion of soda to potash is very similar to that which we
find in the melaphyre.—Iarge for g sedimentary, The Iime is
largely removed. We have here, then, a rock composed partly of
Guartz (petrographic examination shows ordinary quariz sand )
and partly of a decompored melaphyre in which the bases, but
especially the lime, falls much short.  Another analysis of Kewee-
nawan sandstone is given by Sweet.”  This rock lies between the
Nonesnch shale and (Siskowit Point) Point Houghton rock in com-
position, '

If we take the Calumet and Heeln slime, the Nonesuch shales,
the Freda sandstone and Jacobsville sandstone we find a series
fairly consecutive ag to silica percentage, and as to ratio of potash
to soda.  The ehloritic character of the Nonesuch is shown by an
extra amount of alumina and magnesia. The soda also diminishes
steadily,

The only way to get a fair idea of a rock like the Calumet and
Hecla conglomerate or any other coarse conglomerate is to analyze
; .(()J{;f\T}};‘I I‘S(L;g h'T?'?’ IheeAV?}od?zygy ‘?11]81;;?§W8 M;n'l' S X\Xllljﬁhm_

JtAnalysis 2 of Table NIX, Core at 500 feet 4f White Pine Exploration, d. 34.

*Fhe palladium also suggests this. '
Plieology of Wisconsin, Vol. III, p. 350.

: ‘ jies taken September,
l hoclassifiers between stimmp-heads and jigs taken =ept
froud @

3 - 5y 1 -
. : ' In
1. which 1 owe to Mr. J. B Cooper, Superintendent of the Ca
i » A 7 i . ve T it con-
! ¢ osmelfers®™ s the best representation T oean give, though it ]
e ) ‘ : H . v S . 1o
] s not as mueh of the felsite material as 1 believe it shoule ‘
e of 1t with the Osceola

O
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Jaree sainple.  The analysis of slime overflows from the
very large s . : A

(rulyv represent the roek, .\ comparison i e e
'l]ll\‘-i.’(lzl]()id sliire. however, shows pretry 'cl(*.le-lt\ the kir ]
‘u. M expected with any given ]}(’1" cent oof ;\*1.11(-;1. s of el
Comparing the Osceola slime with the ‘\'QII‘I(HIS 2!114} \(: ‘ ],li()‘h,e]'
Jhvres, we see that the water and almm.nn are wl.l{t\(, ,\‘)]h‘()d.
l}mi the iron and lime are not, the z\lk:x.hs ':md S()d';l (1_1'9 lc(vlii;“-(;
Comparing the Calomet slime with felsite from w']n(-h] ?1;]111?}.‘ m‘i(“;
been largely derived we again find \\'21.1(%1. and alumina )115.1:]1, bu(t
and soda lower, lime, magnesia and iron on the wh-olgi)h'};‘\ ll.e;_,le u
rather irregularly distributed. 1In the ('o‘nglon}emt(j ,t-hel L‘Y;si(il‘]eqdq
no sign of that characteristic sedim:entary .(‘oncernfmtfonw“l 1 jts b;e(:_
to a concentration of quartz. This certainly agrees with :

ciated and but little rehandled character.

TR

i
T
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4 IHustrates rela C e . S e d chlorite. In this dia-

}ig won o yrehnite, chlorastrolite an &

m the per Centaéué of silica are the abscissa, while the other elements are shown
ara > T f 3

by ordinates as indicated on the diagram.

y (e : terial, except that the slimes
1005 5 1 & 906. They fairly represent the roak ma crial, Dt 1o slimes
‘;2’1 a?ﬁlg]l)xlaslglli(rt;érkg%pgg?gn of th)e softer portion, limy constitutents and less of hard g
ConLa; 0 g
e ailings 1 e six months
m(f‘lyfi‘llllillbo% average sample of rock would he an average of all tailings for one to six m
but such a sun’)ple‘has never been assayed completely’’.

‘ongleme: 3 ¢, Amyegdaloid. ¢,
(ouglcnmra{%g(ﬁ Amy 7.809

Loss onagnition . ... 5208 4(1.31
NiliCa. oo 9 04 32.90
Iron oxide, Feo Og. oo AR 15 41 ~242
Aumina, (+tr. Ti Qo). ... ... SRR 5 2oz 11 '(§~
L (08 Q) [ 549 4(]{
Manesim Oxide, (Mg 0). v 18 1
HOIITE g s 04 traces,
Sulphur tri-oxil()le (S(z:g ey T RS 170 At

. oy ; art oxide) . . ... ... ...

Copper, (may be p. P 99 06

Traces of sodium & potassium not estimated..........

Copper in this sample is evidently high, for an average.
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§13. CONCENTRATION OF CHLORITIC MATERIAL,
One of the commonest change
i the development of chlorite or green earth material
versall Chlorite first appears ) .
coating them in concentric agate-like bands
aungite and later feldspar. It coats the joints
seems to replace even the felsitic
also replaces the prehnite as h
(. S =K 3¢ ~ g = 3
18 Hawes savs chlorastrolite seemg to be but
tween prehnite and chlorite, .
XVT are grouped together
vary a o : i
d( A atgood deal and are Very inaccurate, yet ther
ency towar : iti ini
\ 3 vard a composition containing about 30 g ili
30 per cent alumi y rmestn
alumina, 30 per cent ferron ‘

s ir : nesi
per cent water (H,Al,FeSi.0 ) peci On’ e oo
JAL 2P0/, especially if one considers the

gr;;lfbls cham‘cter of the errors due to impurities. The gangue No
(310yqie‘ C(TlfS]d(’]'(?drilS made up of about 409% silica —f— GB % of
(31% 810, 339, ALOL20%, Fe() 2%Mg0 13% 4H O)’ oot

e is a plain fen-

§14. CONCLUSIONS,
One will find u marked similarity

‘ , in many of t OC X
secondary change above oiven ] o e s of

We may tabulate them thus:

) . R
3 4 !
—— 5 6
B e I
8i 0. . e R
M decrease decrease | decres
Tal 38 nerease?l  incregeer ccrease | decre increas
Feo Oy o0 00000 ;1;((46%(:? increase?| increase | inorense | LCTease | decrease
‘I\‘«% [ Tease | increase?|  increase o  IneTease | constanty
Me R R IR, | [ FE decrease
’(\}‘% ()()' TP S J increase ? incm'aké;?f. Ciner J """"" . rjiecrease
Nay, O, . inerease | decreaee | decre:
® ,0 S | decrease p icrease | decrease |. ... .|| decreggg
Ho O 7 ' 1 decregee | decrease
n:o7 o L | tdecrease 7 d
2 T . J HCTEase | ierea 1 P T (I,Crease

increase |

increase ine i
G increase increase

FABULA ON O ¢, LEV B L v AN <
1 'l I TANGIS IN ROPORY ‘
ONS Ok VARIOUS S N'T
S CON NEEO) S

" b) . I3 <] X 3

'he analyses upon which {h
the other tables.
1. . 1 & F

()(1'111.111([ & Heela boulder changed 1o chlovite
2, riginal rocks : \ T .

h'nml rocks and Calumet & Heela slime

3. Ophite to Oseeoln slime, .
4. Prelnite to chlorite,
2. Original igneomns rocks to sediment
6. Diabase dike to kaolinite,

.S “ by 1 < “ s H
Is table ig Lugsed will be found in

But it is by no mesans ne (o i
. ) s necessary fo infer that {he change goes on
777777777777 MR - Ean B
per in Nejence 1910, Vol NXXXTT, p*? ‘md? U AS\T‘%‘

b

C9See also Groutg pa o1
Monog., 52, p. H82 )

s throughout the Keweenawan rocks
 or green It is uni-
- interstices apparently once empty,
It also occurs after

As we have seen it
pebbles in the conglomerate., It
as been well described by Pumpelly and
seem, a half-way house be-
This is shown by Figure 14.9* In taple
some analyses of chloritic material. They
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i passu for all ingredients. Quite the contrary. It seems a8
thongh the water were introduced first until the ratio was in per-
contages about 1 per cent of H,0 to 3 per cent of ALO,, or in mol-
ecrles about 21,0 fo 1A1,0,.  After this there is practically no
further addition of H,0,—the farther apparent gain being due to
e subtraction of other ingredients?

The alkalis and the silica seem to be removed together. If they
oo off as water glass (Na,O 4810,) the per cent proportions will be
1 per cent Na,O to 3.885810,. The ratios obtained by comparing
(he diabase porphyrite 17039 with the altered Calumet boulder
(39.92-—31.43/10.3-—0.2) or the Calumet tailing with felsite (75.67

-55.08/8.74—4.01?) are fairly harmonious and if we compare the
Osceola amygdaloid tailings with some of the fresh or lime melaphy-
res,—say the latest analysis of the Greenstone—we see that the ratio
i« similar within the limits of analytic error and variation in com-
position due to washing out the chlorite (47.69—41.31/2.44—0.04).
The alkalis always escort off more than as much silica.

It is plainer from the looks than from the analyses that the fer-
rous iron is often, perhaps not always, largely changed to ferric
iron, although that also appears in 20600. All the fresher mela-
phyres show' large quantities of ferrous iron.

The role of the lime is least simple. Owing to the fact that be-
fore or in the process of crystallization there was a good deal of
differentiation of lime it is harder to be sure what the percentage
was originally and ealcite may often have been introduced. In the
salic rocks it seems to increase, being derived from the surrounding
femic rocks. We may note the fact that the 10 to 12 per cent of
lime that might have existed in a fresh lime melaphyre—an ophite—
seems not to be exceeded in alteration. There are many things
which T have seen,—such as the replacement of a pébble of caleite
in the Calumet and Hecla conglomerate by hematite, which sur-
rounded it,—which lead me to feel sure that the trend of the lime
ix toward the calcite, epidote, and calcium chloride disselved in the
mine water, so that lime also is removed from the original rock un-
loss epidote or caleite accumulates. While the magnesia and iron
really tend to form chlorite, and this alteration is conspicuous in the
color c¢hange and under the microscope there is little sign of it in
the analyses. The Osceola amygdaloid tailings though relatively
voarse had, however, no doubt lost some chlorite in washing. I
have shown above that a small absorption of water without any
other great change might make a great change to chlorite, but in
the alteration of the Calumet and Hecla boulder and in the change
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of prehmite through chlorasirolite we must have, however, a real
hietascinatic” action in whiel Magnesia s actually introduced,
The chemistry of the mine witers and a fmrther discussion of the

chemistry of ihe copper deposition will be found in later chapters,

$15. DENSITY OBSERVATIONS.

The density of the rocks is generally given in connection with the
chemical composition,  Of 1his it is indeed a funetion.  Yet it
seams 1o have especial im}mrmn('(af‘vnnug'h to warrant a brief
treatment here, especially  since many  fests lhave been made
of density apart from chemical analyses,  Jackson’s report® con-
tains a large number of observations of density scattered througlh
it and many of these are repeated in Foster and Whitney’s report.
They are tabulated below. TIn connection with the analyses which
have been made from time to time tests of specific gravity have been
made which are assembled in the tables.

The most extensive work, however, is that which has been done
by President F. W. McNair in connection with his determination of
the density of the earth by the observations about the Tamarack
shaft. I have not tried to abstract this work which is not yet pub-
lished but a word of explanation may be of interest and serve to
draw attention to it. .

Any object vibrating before a source of attraction vibrates more
or less rapidly according to the strength of the attraction. This
can be readily tested with a compass needle and a magnet. Tt is
also true of a pendulum attracted by the earth. The rate of vi-
bration of the pendulum depends upon the attractive force of the
earth. The strength of magnetic attraction may be measured by the
Dip Compass in the same way. Now in the case of g pendulum
swinging at the bottom of a deep shaft the pendulum is no longer
attracted downward by the whole mass of the arth but only that

part which is still beneath it and it wil] accordingly vibrate slower.
Comparing the vapidity of vibration of the pendulum swinging
at the bottom of the shaft with that at the top, one can compare the
attractive force of the spheroid beneath the pendulum,—that is to
say, an earth which has a radius about a mile shorter with the
attraction of the whole earth—and if we know the density of the
intervening shell—that part.within three or four miles around the
shaft is the most important—it becomes possible to estimate the
density of the earth. In consequence President MeNair had a large
number of accurate 8p. gr. tests made and he has kindly enabled

.. Doe. No. 5, 31st Coungress, 1940,
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A i i : an value
ite the fieures below. It will be noticed that the mean va
e e . . , -odaloid is very
mf‘ the specitic gravity of the trap and of the amy gdaloid 11 ! :
v e ) ' i av wibly be two
‘ Iv the =ame although the amygdaloid may })()>>1l>])f "
pedn R h ) ' o 3 ‘ Checific
] ent less and that the numerous earlier observations o 11 -
e ee hah ! I ) ‘ ) ‘ e ed.
] ity from various places are not far from the values he obta
oravit
Thix <hows that his values 1
[his shows the pres ot o
sehborhoed of the Tamarack shaft but the f(nm.m(?n. as ¢
N e amydaloid was originally
[t is noticeable that whereas the amyda as g ;

are fairly representative not merely for

whaole, , vdalond was .
ey bubbly, open and glassy rock, probably having very muc
aver) Y, ope { )

density than the trap, it is now all about the sane devnsi.i'ivt ();1] 111):
\\-]m]v'it ix much more altered. This increase in den“”))‘” : ‘).];
then. entirely consistent with the 1~0.;1('ﬁ0ns.zlbow gl{gg(ézs{(d J\\ 11;(
<cem to have actually produced ('(mdensahmi. It is 110’(](!\:\(1)1011;\;
too. that while the conglomerate is smne\'vhzlt ‘hgh'fer 111;11} .1‘1((,r 1 7]1“
it is rather heavier than one would ﬂnnk.‘ior .1ls ,'ep-e:vlﬁ‘( ,1,1 (1(\‘ 1,Y
as compared with the quartz porphyries ’(‘wt‘wln(*hv it )1s].s-oe- ;l(:f]l:}
composed is several per cent gl")ufe]-.‘ [his _mz\’,\ ‘ 1.>( -1(11“1.”6 .
very considerable presence of epidote ‘m the 10.\\'0-7 2113( (11((‘ e
rhv' upper levels which might make a difference in the specific gz
”'\'l.‘hv minimum value of the specific gravities ;1})1)1-0;1(-11(%s"\'?ry
¢losely that of kaolin. It is conceivable that 1111-011;:1'1 Z,eo,h‘i? a
mm-h‘ less specific gravity might be obtained and the fact 111)1'(1,)1,“1}\?
such specific gravity was obtained in the ﬂn-('%e hmldlied. A]lf ‘(']im']f
cight samples shows that none of them ("mn'al‘ned :\1-1,\ 1.115)? fmx .eqf
ulj the lighter zeolites. 'These resulis are O,T considerable 1}1 ;1),\
in conneetion with the question as to the eﬁe(‘t‘fof secondmg ¢ ‘mm-
ical alteration. 1 think it may be fairly said /1‘]1;1(’ there vl»\ 111(1
very marked sign of expansion by hydration (although ‘onf ‘fllc
\\'h;)le the mean specific gravity is somewhat less than m‘(\)‘sif(){mr 1_11e
hasalts whose specific gravities are given by Rosel'll')u:s‘.('h) ‘101 11(?
mean value is just about that of the Breitfirst dolerite and the mﬂi
imum value of the specimens and their range (*0111})::11'() on the whole
very clogely.  The basaltic glasses are disﬁnvﬂ,.v lighter. L

'l"he 1‘1’1eaﬁ density is, of course, a factor which comes in in nu-
wmerous other caleulations and is of practical value. It may b‘?
worth remembering that 1,000 ounces of water make a lelblf‘ fo;)i,
nearly enough for most practical uses, so 1’]1.2\1' by 111_111111»13;‘11?1;;:‘10
specific gravity of a rock by 1,000 you will ;.3;(3‘( ﬂl% \\:Ujg.l,ym
ounces of a cubic foot. The average welghtﬁof the lxe\\(iL'Il(l‘\\{)lil(ll
iraps is, therefore, about 2,8R0 ounces or 180 pounds per cubie
foot.

13
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. . extensive tests of specific gravities:
; . : report made extensive tests
The following are the data that I owe to the kindness of Presi- Vacfarlane in his rep . e eravite - 083
. - ATt . s . T N incy mine he gives spee L Yo -
dent I, W. MeNair and Prof. James Fisher, Jr. of the Michigan For Melaphyre at the Qullniy. 11“1“0 he gives sg S 2.78
- . . " . . : H amygdalowd. ... P
College of Mines. They are derived from a very elaborate series Atlantic 1”””_;3” m:zg(cu?d BOStON oo 22;
. - ; m . . . . or Albany ¢ k 9
of observations made nenr the Tamarack shaft in connection with Frap unde

v Albany and Boston .. o e i
hlq)i:)l(::llr‘rm) ]131}]bel‘ of observations of Michipicoten Zl(chl;s rux;lmgfviz
There are also a fafge fe o 1y runs about 2.573 to 2.678; melaphy
9 477 he “black felsite” usually ¢ SR ) i
low as 2477, E{]tvt‘)wﬂ 10 2.79. The greatest density he gives 1; Qt-h‘f’z: but generally
slsses are usually <. oo b T o . TeNair finds m,
L}l‘: ](14‘1‘R]>11vr<‘s run a little under, say z.bgqqlilég z(ils3 )icg\lfxli”pﬁl:rs? q(j;; 118 (Bed 1
fhe el S . 3, . 97. O ec , Sp. gr. 2.95), K
e “olume VI, Part 2, pp. 97, 99, . C 979 and 277): 123
‘“””.1;1;41; \1;111 (Bed 17, sp. gr. 2.56); 123 (Bed 22, sp. gr. 2.72 and 2.77);
r. 2.94); 1 P

President MeNair's determinations of gravity. It was found wifh
regard to the deeper samples that owing 1o the presence of ealeium
chloride no definite specific gravity could be found so that 1he qe-
curacy of ihe fourth decimal place in individual samples was nil,

Mean value of Specific Gravity of Trap (68 samples)

.................... 2.8865 : sp. g 979); 125 (Bed 45, sp. gr. 2.91); 129 (Bed 65, sp. gr. 2.70-2.66); 130
Maximum value of Specific Gravity of Trap...o ..o 3.0904 (Bed 38, sp. gr. 2.79); 125 !

M re . N b N 1 98 . id 2.84 Bed 67 p 1 h

" alue of S e Q v of l]qp e . A A (24 769‘3 ( 3ed 66, sp 5 : la hyre ]ylpl‘u y/g( a (0)1(] 2 ,( ( € g ,lS . gr.m H'le aphyre
ean value of npec iC G ravity o Ahn)zﬂdd oid (z’)O sat 1[)1(‘,) . BN 2 .84 h4 > S\" 3 ( 3ed 84—, Szp-gbls- m 1)!161«1) (hB:)iil 25} 7 " or. 3 )) 3 (I d’ 9 , sp. gr. 2. >
Mamm 111 \{llll(‘ of SD(}C[ C Gld‘ 1t \4 of A 1Y Y"(i vloid 9 N3 (}%(‘( 91, Sp. gr. 2. 9-3.01-2.95 sd 92 sp. gr. =2 89); 134 (Be 4 P T, 2.94

.................... 3.0936 . sp. gr. 2.91) (Bed 107, sp. gr. 3.03), 136 (Bed
Minimum value of Specific Gravity of Amygdaloid..... . ... .. . .. 2.7034 (Bed 96, sp. gr.-l?.g,(‘)); 130 (Bogullgi;:%fi;)eciﬁc)g(ravities on the Eagle River sec-
Mean value of Specifie Gravity of Conglomerate (10 samples). .. ... ... .. 2.7368 10S, sp. gr: 2.95-2.92) *("?Ves at ne. The specific gravity of the rock he made 3.0?7
Maximum value of Specific Gravity of Conglomerate.. ... ...... .. 2.8633 tion. (‘81)0015111}’ of jche (’reeg‘?kﬁ Aan obhitic impure grain? 3.39. At the margin
Minimum value of Specific Gravity of Conglomerate.. ....... ... . 2.6180 feldspar 2.73, auglteﬁ“gma&‘ ViB; 2.92 at bottom, perhaps more glassy, 2.95 at top.
Mean value of Specific Gravity of Whole (388 samples). . ...... .. .. .. 2.8754 (Bed 91) he fou'nd specific z?ra bg’ﬂ:.(of melaphyres, amygdaloids and sandstones.
Maximum value of Specifie Gravity of Whole (epidote?y..... ... . .. .. 3.2425 Gther Qbservz}tlons areGglj\Ten 26, 2.68, No. 63, 2.61) run distinctly lighter. He
Minimum value of Specific Gravity of Whole (Flucean)........... .. . 2.5427 The latier (No. 17, 2.56, No. 26, 2.68,

&5 & s \4 I 0.
t No. 65 as (Z 98) extra heavy ow ng to the copper and iron presen( .
nofes INO. . N

sations e Greenstone beds 90-108 is
. . . - . . i 67 was 2.88. The average of ten observations on the Gr
Jackson gives in hig report (p. 495) the following specific gravities : 57 was 2.

2,939,
Crystalline Black Trap from Copper Harbor........... . . 2.743 » ) ninger naid much at-

Red amygdaloid from near Porters Island near Copper Harbor. .. .. . 2.743 I do not find that Irving, \\72ld§'\V'01°ﬂl> 0.1 R()mlln%el lj?adlgt:;minin"

Gray amygdaloid, extremity of K. Pt............. . . 2.702 fention to specific gravities, as microscropic methods o ’ 2

Gray amygdaloid, Eagle Harbor................ . 7 2.743 o ) ‘e superseding them.

Porphyritic trap with crystals of red feldspar from Copper Rock Co, : the rocks were suj aps aﬂ 's, the ophites, one might expect to
location, south side of Keweenaw Pt. Possibly the Kearsarge foot While the more augitic flows, ol ‘te’S with more soda, the
or diabase porphyrite.............. oY 2.751 : find heavier and darker than the pOIP]y“‘ tors of primary or

Lac la belle Red porphyry (cf. ¥, W, Wright, may be Mt. Houghton difference is completely disguised by_ other factors £ p jdoteyand
felsite, but more likely the gabbro aplite) suberystalline. . ... .. . 2.631 econdary variation such as the relative abundance‘o ep

Amygdaloid trap containing about 89 copper. ............... .. .. 3.925 secondar) . d calcite and zeolites among minerals, and the

Resultant for Am. trap without copper. (A, C. L.Comp))...... .. 2.92t02.94 . copper, or chlorite an ‘C:.l U ) xides. The felsites are, of

Another sample............ 0 T 3.112 amount of primary olivine and ]10n’ o b d.t Les

Compact red jasper (felsite) of Mt. Houghton......... ... . . . 2.572 course, distinctly lighter, as well as the sandstones.

Granular epidote containing 26,19, Metallic Copper from Isle Royale 4.854

Resultant for epidote without copper, A, C, L............. .. . 4.20 §16. TABLES OF ANALYSES AND NOTES.

There must be leucoxene or iron oxides mixed with the epidote, the
specific gravity of which is not, over 3.49, TasLe 1.

Copper native from the Copper Falls Mine............ .. ... 8.9308 . ) e analvsis of Tables TI-VIII

Copper native from Boston and Pittsburg Co. (Cliffy. .. ...... . . 8.89 Lighthouse Point dike. This with the dndlu\.él:.hr of (; ldblls of intru.

8.93 are i)(irhap-s of the original Keweenawan 1nag:nm an . o

Silver. 10.496 wing but slight differentiation, a little accumula .

Silver, not perfectly pure from No, 2. ... T 10.288 sives showing bu € j 30, 1903, under direc-

- ' No. 3 10.188 ©a0 at center. They were analyzed June 30, \rhor. (See Jour-

I No.do ..o oo 10.146 tion of E. D. Campbell, by . E. Ware at Ann Arbor.
®Geology of Canada, 1866, pp. 142, 143, 147, 154, 160.
!
i
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nal 1(])1 Geologv, XI1I (1904} p. RY), They show verv marked re-
semblance to Nos, 1 ¢ 2. perhaps from g + 1" of
md 2. perbaps from a Logan «i11” of Table 17,

1 7 R T i ; T T -
1 A ;
f Ia 34 i 6 Ha ' 8 Sa
N e N N S
S0, . | 46.98 783 4r 7011 47 “
AL, O, 17.85 f?i 111 oy 51 e
el O f R i é 171 i 1.{.5)0 A6 T 17 .47
Fes 05 | 31 22 015 291 014 1 266
o {1030 i, a2 176 | 12 12 172 1 12.93
(a0, |847 . 151 g SN O CRIE AN
&9 Pos 151 0 192 | 11 45, 204 | 10 27
e O | o 082 -035 1.96 030 1.91
gf 8“ R oo 80’9 66 006 | 59
: - . SOl . . 2 N : . :
120 - j 3.02 1 167 ) 112 L !
PeOsoo o 143 001 T qbe | el e o »
CB7 el Aol 001 158 | 001 | 16t ool
{SA IIIII I {)9_ ..,( D . X . ! A 1‘ ;
S0, J Iv v.m»)z : 18 001 086 002 1 111 gog
2\\[:10 | 26 0003 ooz | sl e s
I | 3800y . 81 002 | 5 001
Dol 0TE eon b o5 | ooy 02 | 001 | 09 002
[ | | Y e
[101.%0 1.742 | 2 5 744 | j
- I | 42 1 102.4220 1 652 |100 744 i 1.554 w‘ 109.522) 1 547
Alkali m. | f ! | ‘
L m ! i<
T - 40a8 053 |..... .. I 04T L 0472
Pore space to | : f ]
solid space..|. ... . 731
s, lid J 21)?,;3;: ‘‘‘‘‘‘‘‘ L0012l oos2 | L0018
| B P - 0 -2 D 3.01 |00 - 302

i
iTaken in gasolene, l — — o
1. Contact.
La. Molecular proportfions.
S 616 mun from margin,
sa. Molecular proportions.
6. 4.115 mm from margin,
ta. Molecular ])1"01)01%1’0711.@.
S T4 mm from margin,
Sa. Molecular proportions,

Tavre 11,

VAlmll\'ses by A, N, Winchell, of Minuesota Keweenawan rocks
I\f‘xs. L and 2 are of a sill very much like the Liwhthonsﬁ]’(ﬁrlf di‘l’\' ‘
“jxﬂx Possibly :1. slight settling of iron to the E()tt(nﬁ, i()\\*el' i'lOl'f\]Tj
(}]_,(]; S]d(ﬁ. J()r 18 the iron absorbed? These are from his thesis
p»,’mdy 0{ the Gabbroid Rocks of Minnesota”) of intrusives of
probably Keweenawan age, except perhaps No. 3. They are 0:’

onr pa'ge- 149 of the French edition of the ’rhesfsj and 21];.0 i;ljrﬁz
American Geologist, Dec., 1900, pp. 8373-376 (and p. 262). |
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T T : ! | |
1 Ia i 2 1 2a 3 22 J 4 j 5 3a
4770 705 1 47.90 798, 49.78 830 1 5358 . 35.81 596
19.01 186 | 19.92 195 29 37 288 1 2970 1 14.32 140
87 105 4,92 030 .34 002 21 7.38 (46
].84 123 9 78 187 60 008 S 15.25 211
865 216 4 55 (113 1.01 025 tr. 10.49 262
5.96 159 S 56 152 0 11.86 211 11.90 | 17.23 307
253 041 2.75 44 @ 4.39 071 .30 2 06 033
i 33 005 .56 005 46 065 36 |7 37 .003
‘ ! i .291
1.38 078 76 043 1.76 097 3711 5.23
1.80 022 57 006 T . 2.30 628
n. d. . - . T Y EE
<0, Ll . PR B A
Ao tr. | 08 | L001 18 LCu2
Ba. =) 00 . P
‘ |
— [ — -
1100.30 1.629 | 100.27 | 1523 ] 99.80 i 1.538 | 100.42 | 100.62 1.919
Al
AR B 2.676 2.701
Sedlom .
Sy gr. 058 | .061 ooz | | 060

1. Birch Lake gabbro.

la. Molecular proportions.

2. Logan sill, Birch Lake, east side.
2a. Molecular proportions.

3. Carlton I’eak “plagioclasyte.”

ja. Molecular proportions.

4. Plagioclase of 3, (p. 262).

5. Troctolyte near Duluth.

Ha. Molecular proportions,

Tapre 111,

buluth gabbro analyses to be compared with the Ashbed magma,
Table XTII. It has large (3mm.) labradorite phenocrysts, rhocrys-
tals, arranged in flow lines, and has numercus ramifying aplitic
red veins, Cf. the Mt. Bohemia rocks. {Tables 1X and X). This
differs from the Gowganda (Canada) diabase of Bowen in having
more iron and less magnesia and lime. The Sudbury norite has as
much iron, but a lower alkali: silica ratio.
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e B T ; T .
‘ 1§ 1a 2 r 2a 3 ‘ 3a 4
i
| i
S0, 52.48 | 45 65 760 1 46.29
Alo Og.ooo 15.47 | 15.20 .149 18.20
Fe, O, 5.14 | L8671 042 4.93
9.25 | 13811 192, 3.5
2.55 | 2.95| 074 821
7.27 | 6.33 | 113 8.86
3.26 | 309 050 | 3.30
1.75 | 1.05 011 .76
1.24 | 2.29 27l 342
126 ! 011 1.66 020 0 T
.29 01§ 830 02 s Tles | oor il Tl

.25 001 1 .

Silica m,

|
Alkali m. f
I
|

1. From A. N. Winchell, B. 293, No. 1797. No appreciable BaO
- or S10. Sp. Gr. 2.81 to 2.84.

la. Molecular proportions.

2. Same cited from A. Sireng, Neues Jahrbuch, 1877, p. 117.
MnO and FI not determined, Ti0, and P,0. determined
separately. Original total 100.80. Chalcopyrite present.

a. Molecnlar proportions.

Hornblendic variety, of No. 1 richer in iron.

a. Molecular proportions.

4. Average of analyses of 15515 {top) amnd 15523 (bottom) of

Ashbed diabase, Isle Royale hole 10., 338-415 for comparison. This

has more MgO and contained olivine.

o

o

(S

Tanrs 1V,
Bunsen’s normal trachytic and normal pyroxenie analyses for
comparison. The Keweenawan magma is short in lime compared
with the normal pyroxenic, but the ophites approach it closely.
This may be the pyroxenic eutectie, while the normal trachyte is
not far from Vogt’s and Tealls micropegmatite eutectic. Nos.
1 and 3 are Bunsen’s ideal normal trachytic and pyroxenic nagma
while Nos. 4 and 5 are actual analyses of Iceland rocks supposed
to be a mixture of the two in varying proportions. These are cited
from Neumayr’s Erdgeschichte, Vol. I, p. 169. No. 2 is of a
spherulite from a porphry, cited by Vogt after Lagorio as Nos. 223
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g FoeTles o dart
'd 31h of his table of quartz feldspar eutecties, p. 174, Part 1I
andd L v
of ~Dice Rilikatschmelzlisungen.

; )
| | . [ 5 | 5a
la l 2 3 | 4 4a 5 |
« 1 | o _
WWWWWWW ‘ 7 07 i3 s62 | 73.37 |- 1.222
76.48 | 48.4 K0TS 802 | 7T - 1,222
5 13 06 | 3016 28T L] 16,00 | L
i 6.95 | 0esT
5 l» ’ ,. .
007 0.39 6.589 172 158 283 :)42
26 0.64 | 11.87 211 190 2106 048
i 4.89 1.95 031 055 39 063
034 3078 0.65 006 01 )
o ‘r ..............
""" V0T ]
I T N a5
! ‘ -
227 i : 00.00 1.39
! : ¢ 00| 1.227 1 100.00 } 1.250 | 1 l
100,00 |1.412 \ 99.96 1 100 | : |

1. Normal tfrachytic.

ta. Molecular proportions. . , .

2. Spherulite (quartz feldspar eutectic) Kl Pablon, de Itulgache
Ecuador.

. Normal pyroxenie.

Ja. Molecular proportions.

4. Reygadalr Foss.

4a. Molecular proportions.

5. Klettaberge.

Sa. Molecular proportions.

TanLe V.

Analvees of minerals of Keweenawan basic I'OC](S.' NUS.) 1 10r 3
are fro;n United States Geological Survey Bu]le{in 4]§, P ol
With No. 1 should be compared analyses G, I, J, K 01;}116\?511]1;
bulletin, page 56, of Minnesota gabbro feldspars. Vr\ml{Io.9
should be compared an old analysis by Jackson (Tal.)]e X1V, i,o. 701)
and analysis 5 by Winchell. It appears that plutf)mc 1"0(:1<§ (‘1 ystal-
lize 1]11(1(;17 conditions in which less alumina goes into the py 1'0>fene.
Cf. » and other analyses in Tdding’s table of analyses of pyroxene.
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= {
-y = B o H
. T ST I Y A ; —— < LS 3 |
1H | 21 | 37 < - £ - :
| | z I
e — N e 3 T T . o -
. I = - Z < < | -
80, S s3s0 ] ag 2 = = I e
Aly O, o | 2903 ] 2.8 Z . z : = z
e, O 50.29 | A5 2 2 - = =
Fe'O 3070 1 23 10 T
Mz O o 137 15.3 = =
1 0.. doar40 | 16 S TS o = =
Na» O PoasT ] s z R EREE i .
{,70. | .40 . = 2 s = g
g,_; (;— i 23 J s = :
2O+ | . o 59 2 e - .o
Ti O . 8.77 | trace : 1.29 | . = 223 L‘i‘v"g %:‘c: L
P(«_))();,. - irace | trace i s - S L I .
O, . Y PO P - :
St O . oo o] trace none " S N IR R =
Lis O. . R . Lo . none trace? ... . . =
Mn O, .. . . . ;- - .| none .37 1.58 . Z
Ba ... .. . . B frace nene P i B : E3
e — Lo —
i | ES i S,
L J 89.46 | 100,14 10041' 99 63 S | 2 % g
Sp. Gr. . 1: R ’ ..... | 3.316 ; o g o
T o
B . = TRE R oo N .
L. Magnetite. w | = ;i >l o8 2
2. Labradorite Aby, Ang,. g = SR 2
3. Diallage. = | ke SRR 2 =
1 13 3 . . : — =3 AEE d V:
4. Pyroxene trom Pigeon Point diabase. An. Geol., Oct., 1900, - = =
P 203, AL N. Winchell, 5 =
Tye . . . e =~ & : 3
5. Diallage from Pigeon Point.  Am. Geol., Oct.. 1900, p. 203, < R -
Riges. & =
6. Olivine.  Am. Geol., Oct., 1900, p. 204. A, N. Winehell, . 3l -
- T . -
. . g : +
1. Limestone Mountain. g : =
. . ~ ~ . =
2. Native silver gangue, p. 480. R | gE
3. Water in prehnite, p. 484. = B g% é%
4. Apophyllite, p. 484, £ % | =1 EREE
. . : S : :
| 5. Apophyllite, . 484, < g zg
Il 6. Analcite red, p. 485, 3 R B 5
| I e e . 2> o Z =
p 7. Cliff vein, p. 489. z g = L
% e~ 8 B
8. Wollastonite, p. 491, g 8 e S%
= ~f M
; 9. Wollastonite, p. 491. E e
f 10. Anhydrous prelnite table spar or “Jacksonite,” p. 492. See < :f
| comnients later, B 2
4 . - . B 3 - = :af
1 1L Chlorastrolite, p. 493. F. & W., p. 97. g |- 88 igws g il =2 z<
; 12. Chlorastrolite, p. 492. . & W, p. 97. 3 BE AT el < R
i ¢ . - -~ S - R A @
| . 13. Soils over Lake Superior sandstone, p- 497. g Z ORISR s = 82
i 3 - BRCEARES-b D I S =
| 14. Soils over Trap. = - Doismiiiiiiiiid Ads
| - . . . . . SO =
e’ | 15. Leonhardite (laumontite), p. 513, o R ok
1 16. Mendelhall's mine, p. 513. : —rT T : K Eg
~ v vy o . . 3 SR o P o & =
17 P & W I, p. 88, Hydrous epidote? & 322ege 2922098 o= = 0T
— o oMg = 3 [3)
) . . , CaERERECEMTTHERA DO
Much better analyses, and very 1mportant is the work of ¥. F. = ¢ -
Grout, Keience, NXXI1, (1910) p. 314.
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TapLe VII.

7 Mount Houghton quartz porphyry. From I.. I.. Hubbard, Geol.
Sur. of Mich., Vol. VI, Pt. II. This rock is reported by Jackson
The analyses were all by F. D.

ip. 495) as having Sp. Gr. 2.572.
Burrell.

; ! | 1
I A RS E N ‘ 23 f 3] s
S — | \ I !
! ; I ‘ |
..... | 75.67 | 1.261 | 80.05| 1.332| 6976
| azs e e I oes | 1h4 | IR
NN 014 | 1.72 010 | TTla4 ' 1009
L0 002 | 0018 002 | 066 -009
000 000 | 000 000 | 0018 J004
SR S ey 8 014 | 036 -006
SN0 032'|  2.79 -035 J 2.52 040
SR 0711 4.43 047 | 11780 (126
P[0l 022 | 1.08 [057 J 042 024
! f
, | |
S‘v.v‘b.v‘v o . {_v....l ........... E O J AI.
o, SR o I’ AP S, i I
MO . o I r Lo I
Mol B v R
e _ SEREERTRNR B f 082 g u(m! ..... . 143
_________________ {____J : !
! 99.67 | 1521 | 100.16 | 1.589 | 100.38 I 1.499

LY Hubbard, p. 28.
ta. Molecular proportions.

= 17193 A® end of Mt. Houghton. Hubbard, p. 42.
2a. Molecular proportions.

5. 16951 Mt Houghton, south (lower) side.

3a. Molecular proportions.

‘1 does not fuse at 900°, cakes and blea has £ . N
o1 dod se at 900°, cakes aches, has few small phenocrys eldspar
*17193A shows infiltered quartz. : ocrysts of feldspar.
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TasLr VI1II.

Transition rocks, porphyrite flows below Mount Houghton quartz
porphyry. From 1. I. Hubbard, ¥. P. Burrall, analyst. Perhaps
Tables V and VI are both too high in alkalis, like Cook’s analyses,
as A, N. Winchell suggests (Jour. Geol., XVI (1908), p. 771).
They indicate differentiation from right to left along the eutectic
\'alléy (Tig. 12) of the same kind as that from the Mount Bohemia
gabbro (Table X) to gabbro aplite (Table IX) or svenite.

: 1R 1a 2G 2a 3 3a
| D — — [
52.83 &80 | 51.45 957 | 59.52 .991
16.30 (160 | 15.75 154 | 15.58 153
) 9.60 060 | 11.12 . 069 7.24 045
i 2.48 035 1.7 024 1.86 027
3.98 099 1.94 L048 2,11 1052
2.08 .053 0.12 002 1.81 032
6.54 105 7.84 126 6.82 .109
: 2.49 025 3.51 037 3.48 036
1 2.76 153 1.23 067 2.23 123
148 | a0l 147
SUM .. oo 99.06 | 1.567 | 100.70 | 1.484 |........ 1.572

1. 17033 Hubbard, p. 25, diabase porphyrite, Bed 1.
1a. Molecular proportions.

2. 17007 Hubbard, p. 26.2

2a. Molecular proportions.

3. 17039° p. 26.

3a. Molecular proportions.

Pusible about 900° € with microlitic ground mass and phenocrysts. DBed ¥ of the
Mt. Houghton felsite series.

“Feldspar near albite. Cf. gabbro aplites, Bed G. Separated from E by amygdaloid
conglomerate, 915N., 1060 W. Sec. 20, T. 58 N., R. 28 W.

3Fusible about 900° C to dark brown glassy globule. 1340N., 360 W. Sec. 27, T.
58 N., R 28 W. ¢f. Praysville porphyry with 59.52 8i, O, much more porphyritic;
felsite porphyrite, lubbard, quartzless porphyry, Irving.
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TanrLe 1N

Intrusive red rock or gabbro aplite of Mount Bohemia. See F.
L. Wright, annual report for 19080 Cf. Bowen's Gowganda, and
the Cobalt (Canada) aplitex”” the Pigeon Point rocks and other
analyses cited by Daly, A, J. s XX (1905). pp. 193-213.  The
t‘-]'r‘(%(‘iﬁ(‘ aravity of rock such as Nos, 3 and 6 :lu-(w)rding to -Izl('ksoﬂ
iv 2,63 Nos. 5 and 6 are check analyses from the same rock
sl,:.evinwn (not ground powder) by Newell ook at Albion and L.
.Ixn‘schbrznnn of Ann Arbor. Cook died before his work was fin-
ished and some figures are certainly wrong. Much like Bowen’s
(i(;\\"gandu granophyre, but I suspect secoudary introduction of
an iron chlorite,

: 6 [ ta ! 7 Norm. \1
— | |
} - *|77 B e — 'r T e —
SiO, o 64.5 1.075 | 62,28 : |
B 0 . 5 075 1 62,28 | 1.038 | Ouarts | 12,90
I«‘éi (()):; , 4.1 041 | 17 .54 171 | Orthoclase. . . | 1299
1 L7 7 ‘ 1.5 Albite... .. -] 36.18
- - & 5. Anorthite.. .. .i 17.23
L ! 1. Corundum. . . . f‘ .92
.4 I 3. Hypersthene. .| 11.07
L 4. Ilmenite . . .| 1.98
’ 2. Magnetite . . . ‘.’ 2.32
N I
........ [
........ o
§O= - o B N [P
SO; : | Il KA ; .......
AN . I PO I Y
‘ Tt \*k“.—
Alkali . 100.04 | 1.672 | 300,17 | 1501 | .. . ,’ 100.38
............................. |
St o 041 ‘ 098 J ......
Sp. Grooooooo IRRRRERE 2.668 ‘4 ...................... 1
........ Proveee
. . . ]

Lfournal of the Can. Min. Inst. XII., 1909, p. 517,

9. Gabbro aplite. Cook loc. cit
ba. Molecular proportions.

6. Gabbro aplite. K. loc. ¢it.
6a. Molecular proportions,

7. Norm.
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TaBLe X.

Mount Bohemia oligoclase gabbro and allied rocks. See annual
report for 1903, p. 369,

L
‘ i
45 .30 785 | 46.01 760
11.81 116 | 16.95 167
..... 9.94 062 5.14 032
9.31 129 9.83 137
809 202 6.20 155
305 144 6.71 120
..... 0.93 014 2922 035
4.07 043 1.71 018
(.30 017 |
...... 2.70 150 |
1.15 014 2.48 031
0.80 006 f L
..... 1.49 034 [ o
0.72 009 | -
0.84 o2 |
105.50 | 1.707 | 97.25 1.461
s a 1.
Az 078 056
Silica m.
SpoGroc e 29131 . ..

1. By N. Cook.

ta. Molecular proportions,
2. By L. Kirschbraum.
Za. Molecular proportions,

TavrLe XI1.

Mount Bohemia, ophite and contact modification of it. See re-
port for 1908, p. 377.

1 ‘ la ' 2 2a 3 4 5 5a
I
SO 44 .91 .748 47 .01 L7833 45.69 45.85 45.9 . 765
Al Oy 18.01 176 17.80 .174 14 .44 10.97?] 15.15 . 148
Yoy, Oy 4.50 028 5.32 .033 6.21 4.97 5.00 .031
Fe O, ... 7.64 .106 6.59 .092 9.39 13.79 8.00 L1111
Mg O 7.67 .192 8.75 .219 2.19 1.61 8.00 .200
Ca O, ... 7.49 .134 5.31 095 7.44 5.71 7.5 .134
Na, O 1.75 .028 2.00 .032 (.96 0.91 2.00 .032
K, O.......... 1.33 .014 1.58 017 6.96! 9.297 1.5 .016
Ho O— [ 416 ... ... Y 3.45 ... ... .55 0.35 .45 .026
H, O+ 1bydiff.]. .. .. .| by diff 2.35 2.55 2.45 136
Ti O, 2.54 030 9 026 1.90 1.69 2.00 024
PoOg oo o P T 0.32 0.38 .35 002
COot o U
SOg. oo oo 1.30 1.78 1.5 019
MO, ..o R 0.33 0.14 2 003
........ 1.456 |...... ! e T
95.84 ... .. 96 .55 1.471 160.03 99.89 | 100.00

Alkali m.

e 055 ... L0683 063
Silica m. .




110 KEWEENAW SERIES OF MICHIGAN. KEWEENAW SERIES OF MICHIGAN. 111

1. Normal ophite, Sp. 2. F. . W. 21. This seems low in CaO
and 8i0, for a normal oplite. Tt may be that iron and

Tapre XIII.

. . . Melaphyre analyses of uncertain affinities. No. 1 (see Vol. VL
. ~ magnesia have .been introduced in place. 913 is 16 feet from the top of a typical *Ashbed” melaphyre
ta. Molecular proportions. p-o-t ;

porphyrite. No. 2 is from the middle of a bed (Lagle R’ivel" 877),,
{he bottom of which is a lime melaphyre, ‘]USt‘ :1b0\'f+ the ';M@spm-é
epidote” and  below the Pewabic }()det (.thed 1v1'0n'.1, l.mnpell).
Proc. Am. Ae. XIII, p. 285, See also Irving. No. 3 is an old

2. Contact phase of same showing alteration. Sp. 20 F E. W,
37, L. Kirschbraum, analyst.

2a. Molecular proportions.

3. Duplicate of No. 1. Analyzed by N. Cook.

. - ' ' analveis of a rock which being above the Greenstone is more likely
1. Duplicate of No. 2. Analyzed by N. Cook. aren . -
- : , : s : . : 1o be a sodic melaphyre.
9. Most probable analysis, estimated by A. C. L., from all
four analyses, since there seems to be no essential differ- § - , 5o
. .. . , N . / 1a o 2u : 3 ! 2
énce 1n compogition. Cf. Tables IIT and XII to XV, !
5a. Molecular proportions. S - | -
) prop . 46 ¢ 7834920 | 20 47.07 1 .709
»\'\ll“() o 18, 181 | 16.00 1578 1556 | As2
- Al U 7 3.0: L01€ - - H cl
Tapre XII. Pea Oao e % o | 21 089 12041 152
o 6. ISL | Gies | 1Rh SN 207
Analyses of sodic melaphyres of “Ashbed,” Tobin, or melaphyre ta o, , 9.5 A B Y < B 0) “100
. Na, O coooon, o 0 3 OL4
porphyrite type. Kal) g o | 4E 250 | 2.46 137
A D Pt O L e sy
o ’ 2a 3 3a 4 plz()‘ '
\' | €O UDRUTE IR HE R EERR
. ; S_). ............ R R R .
f | SOu oo P, R SRR AR - ) S
46 .45 r‘ 0.774 | 49.27 834 50.03 ;1“ O o ftrace Lol 1.17 016
16.60 0.163 16.75 150 15.38 '
2.72 0.017 Z 7(8 073 11 4(; — - ] I ;
7.25 0.100 .86 054 3.9¢ . - | s L6993
921 | 0230 | 744 690 3.60 100.30 [ 1.684 1........ 1719} 9999} 1.6
6.32 0.112 5.47 094 5.39 !
4.05 0.065 5.42 L0880 5.01 |
1,02 | 0.010 0.48 012 1.14 ’ - - 0114 | o 0.125
1loss ondgn ... | 00 T T Silica n. RUSETE 073 : [T
;5.01 1 0.278 3.72% 150 2.73 L 2001 | U SR
B Ot RN NRENY AERRRAFF: e
0.40°1 0,009 0,92 020 0.98 g
........................................ 1. 155831 Isle Rloyale? P. 921 .
Comfn e la. Molecular proportions.
: 2. Eagle River Bed No. 87.
| o — . .
J 99.03 1.758 | 101.19 1.557 99.94 24. Molecular pI‘OpOI‘llOnS-
cali i - . 1 QQ
Alkali . j 3. Rock Harbor trap, F. & W, Pt. 1I, p. 88,
Silica m . 091 [ 098 [ [0S ¥ P 3a. Molecular pI‘OpOI‘ﬁOHS.
| T A I — B T - -
| AL i o her check analysis which is from the same
s - s ‘At the page cited will be found anot s . oo
1. Bed 65" Kagle River. bed, 3 foot farther from (he top. This is 16 feet from’ the top. It i< the same bed
7 . as 15537 but has more lime.
| la. Molecular proportions. .
A 2. 15515 Isle Royale, p. 146.2
Za. Molecular proportions.
3. 15537 Isle Royale, p. 215.

I 3a. Molecular proportions.
i 4. Streng’s melaphyr porphyr, N. Jahrbuch, 1877, p. 48, Irving,
V, p. 277. Compare the “melaphyre” (ophite) on p. 55.

1Journal of Geol. XVI, p. 7%2.
2Vol. VI, Part I, pp. 215, 143, 146,
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Michigan Geological and Publication 6, Geology 4.
Biological Survey. Plate ITI.

Tavrr XIV.

Analysex of the great flow known as the “Greenstone,"—typically
an oplite. at any rate at fhe base, (see Pls. IT and 111 though
large plagioclase rhyocrystals occasionally occur. None of the
analyses are satisfactory. The Foster and Whitney (1) and Jack-
son analyses {31 are old and incomplete, and the recent U. 8. (. 8.
analysis No. 2 shows no potash. The Jackson analysis (3) is sup-
posed to be of the pyroxene only, but is probably of augite con-
taining feldspar and magnetite. The latter was extracted before

analysis. For comparison an ideal analysis of a melaphyre con-
taining 265 per cent of copper is placed beside it.

( ' [ 1 ! |
i CRN T B S w4 ] s
i H 1l
|
25020 1 s36 1 26,08 | 47 69 795 51 /55 | 47.2 45 2
L1543 | 151 7.22 16.02 157 17.12 168 | 15.8 16.1
| . . 2.41 015 S 4.00 4.9
13,79 | 192 3.06 8.70 121 054 | 7.2 4.6
: P8 621 215 3 34 8.31 . 208 1701 6.8 7.5
| o547 1097 1.56 10,54 188 349 | 18.— 10.6
: } 1.75 0re 1.22 2.44 039 ‘ . a4 . 5.8
i . o 000 I R ]
) 174|097 1.55 044 025 I [ l 4.1 (A) WEATHERED SURFACE OF OPHITE TAKEN AT ABOUT THE SAME TIME
; ‘ . 2 % ‘,l,ié | J AS PLATE II BY W. J. PENHALLEGON.
1 B . N
! 0.06 001 i
. . 000 :
L] . 000 !
SO, ... i . 000 !
Mn O i .. | 0.26 003 0.99 014 | 0.9 Cu02 6
! ! ! !
N o - T i T T T A¥4ﬁ\ T o - W’! T T T T
le6t | ... .. | 100.29 1.680 | 100.17 1.610 | 999 101.3
094 [ L0498] ... R U IS
. |

.oF. & W PtILL p. 8K

Ta. Molecular proportions.
1bh. Oxygen of same.

2. A, N, Winchell, p. 772

|
§ 2a. Molecular proportions.
! 3. Pyroxene from same.
K 3. Pyroxene Jackson (p. 494) gives this analysis of a “pyroxene”

associated with feldspar, magnetite and ilmenite on a hill
in Sections 12 and 13, T. 58 N. R. 28 W. This is almost
i certainly from the Greenstone Range. The . was 5.5,
Sp. gr. 3478 1t may have been one of the ophitic
augite patches as that would account for the alumina
and alkalis. The magnetic part he separated. If we

add enough FeO Fe,0, to make the amount of iron (B.) WEATHLERED SURFACE OF AMYGDALOID CONGLOMERATE AFTER FIG-
URE 2, PART 2 OF VOLUME VI.
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generally found in the Greenstone,—say 8.3% FeOle,04
—the analysis will be closely that of the Greenstone
except that the alkalis were not tested and the lime is
extra high. Assignment of the bases to the silica in-
dicates strongly that some alkalis were present, per-
haps included with the lime in this old analysis. Com-
pare, however, Doelter’s analysis (Hintze CCCXI) of
brown augite from a Cape Verde feldspar basalt. It
may represent the eutectic, Fig. 13.

2a. Molecular proportions.

4. No. 3 with 8.3 per cent magnetite added.

5. Ideal melaphyre used in showing change to chlorite and

copper repeated for comparison from p. 86.

TaBLE XV.

Analyses from different analysts of lime melaphyre {ophites),
different beds, but all of the commonest type of Keweenawan flow.
The percentages of silica agree closely; the alumina agrees (al-
lowing for the fact that the titanium oxide was not separated in
two cases). The relative proportions of ferrous and ferric iron
vary greatly. The MgO checks closely in the two most recent
analyses. The lime is characteristic and always about 10 per cent
and never 12 per cent. The soda and potash agree very closely in
the two better analyses 1 and 5, and the titanium oxide is high.

1 la 2 3 3a 4 5 5a 5b
SiOo 46.13 L769 46.25 49.3
Al Oy 19.7 194 18.39 10.1
ey, O 7.24 045 7.70 3.9
Fe O. 3.79 L0583 3.52 4.0
Mg O 7.27 L182 4.65 11.8
e O 11.43 .203 12.19 12.2
Na, O 2.55 041 3.76 2.6
KaO.... \ ,0.52 .005 1.04 .2
Hg Q—.. Vs aon|osang oses|ooase s 2as o g gn
1.6
SRRRITS
PRI b ol LR A e e i R ] I
e os00l. 0 b L o 001 o] 0BB L
Silica m.
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1. Ophitic streak 9 feet from bhase of same {7T7foot) bed as
15515 and 15519, Eagle River 3943, Sp. 15323; Sp. Gr.
2.877. Bee average composition of bed on Table ITT.

la. Molecular proportions.

2. Same bed as No. 1 but 41 feet from base, i. e., near center,
the extra lime evidently due to extra calcite. Sp. 15519.

3. Bed 87 just above Greenstone, base of bed more calcareous.
Woodward for Pumpelly.

3a. Molecular proportions.

4. Canada report, 1866, p. 157 and seq., very incomplete but
suggestively like the others; really, however, from the
“Ashbed” group, a “green earth” from the Pewabic lode.

5. St. Mary’s Mineral Land Co., Challenge exploration, Hole
No. 5 drill core described below.

5a. Molecular proportions.

5b. Molecules reduced to per cent after Osanmn.

The table might be extended by analyses of Table XI, 15583 of
Table XTII and the Sauk Rapids melaphyre of Streng (Neues
Jahrbuch, 1877). COf. also Table I, Nos. 3 to 8 and Grout’s analyses
in Science (loc. cit.) and Journal of Geol. 1910, p. 633 and the
analyses in Monograph 52, p. 583, especially 1.

TapLe XVI.

Analyses of chloritic materials. See also analysis 4, of previous
table.

!
1 w2 3 4 5 6 ' 6a
33.14 | 30.50 | 57.95| 26.09 | 19.22
13122 | 26107 | 19.00 | 25149 [\ 15 oo
24,50 | UL TR 6.48 |
12.19 1722001 1al06 ..
39| 236 | Tzl 3
5 1.92 05 | 1900
AN SRS R 3170 } 6.5¢
........................ 40 |
12347793 TRl 7o 6.40
R e (R R LIPS
l 10000 | |
| 100041508 [ 100.00 ‘ ................ 9919 | 10018 ..o
e I

1. Soluble part (21.17%) of Greenstone after long digestion in
HCI of Sp. Gr. 113, not pure chlorite. From TFoster and
Whitney.

la. Molecular proportions.
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2. Chloritic mineral computed from partial analysis, Quincy
wall rock. Soluble part 43.36% of hanging of Quincy
vein “mineral chlorite.” “Smooth pellet” of green sub-
stance which does not cling to walls. See Macfarlane’s
“Geologie du Canada, 1866, p. 155.

3. Chlorite from amygdaloid of Pewabic lode, Quiney mine foot.
Macfarlane, p. 158. Density of amygdaloid 2.78, comp-
position estimated 629% labradorite, 38% chlorite.

1. “Strigovite” from amygdule in Minnesota. Geol. Sur. 23rd
report, p. 194.

5. Analysis of chloritic material with native silver, probably
mixed with quartz from Jackson.

4. Chlorastrolite. A number of other analyses will be found
in Dana’s Mineralogy agreeing essentially with this. This
may (Fig. 14) be considered as a mixture of prehnite
43.69 8i0,, 24.78 ALO,, 27.16 CaO, 437 H,O0 with about
50% of a chlorite like analyses 3 or 4; the amounts of
silica, alumina, lime and water checking closely.

fia. Oxygen ratio.

Tapre XVII.

Analyses grouped to illustrate derivation of sedimentary from
igneous rocks.

112 3 4 5 I 6 ‘ 7 8 9 10
7567 |59.92 55.03 46.01 i50.20 41.31 81.10 | 5.00
11243 |15.58 15.412 19043 1548 22.46 261 | .43
A ZA T2 9.04 114.972 13.70 12.90 391 .02

.| 0.15 | 1.36 f

12 0.1 0.00 | 211 2.49 6.20 | 8.62 4.07 | MgCOs;.25| .07
0. b 7.02 6.71 | 5.47 11,08 | Ca €05 46.00 | .32
}by iff. 4.01 3.93 |44.75 bydiﬁ”.o.04?{ KigouR s 08
5. 03 { ...... 1.7 X

I R rganic .

........... o= 8.03

......... : L

A

1Loss on ignition.
*With Ti Oo.

3Plug Fe O.
“Na, O 4+ K. O.




116 KEWEENAW SERIES OF MICHIGAN.

1. Fresh felsite from Table VII.

2. Diabase porphyrite from Table VIII (original rock of No.
4).

3. Calumet conglomerate slime from J. B. Cooper, Supt. C. and
H. Smelter. ,

4. Calumet conglomerate altered boulder, Wilson. See § 10.

5. Calumet conglomerate altered boulder, Heath. See § 10.

6. Mt. Bohemia gabbro from Table X,

7. The “Greenstone” or largest ophite (Table XIV) I cite old

imperfect analysis because better comparable.

8. Osceola amygdaloid slime, from J. B. Cooper, Supt. C. and
H. Smelter.

9. Keweenaw soil, from Jackson's report, loc. cif.

10. Lake Superior (Upper Cambrian) sandstone soil. The drop
in silica and alkalies and rise in alumina are clear.

AL
X il
’0;'5‘

Tig. 15. Diagram jllusirates abstraction of material attendant upon the alteration
of diabase to kaolin.
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TasrLe XVIIIL

Analyses illustrating kaolinitic alteration.

T T VAAAiiiwAIv T '_7777 T [ .
1 ; la i 2 2a 3 | 4 5
; ‘
N A - |
} ; 83 | E
.‘E 47.99 s00 | 3822 970 47.90 46.85 41.60
.58 i
N 16.57 162 | 28,66 281 15.60 22.62 37.20
2.35
6.01 038 256 | 016 3.60 5.12 3.21
23 .49
5.1 071 0.22 003 8,41 1.58 .30
6.01 150 .. ... N P 8.11 2.01 .02
55
36 167 0.17 | 603 9.99 1.25 23
2.00 ! 032t I 2.05 .80 07
1.39 015 L b 0.23 266 | uueiin s
S P A 15 3.12 29
1 .25 1 !
2.64 148 10.50 583 2 34 8.25 13.54
2.71 034 f....o. L 0.82 1.12 3.79
.................... [ U, 13 .16 14
......................... [ .38 1.89 .38
........................................ CroOqtr Jo.o o v cn e
............................................. INi 0,10 08 L
[ Ba 0.05 .10
A Ot o i .................... 17 2.54 .08
e o _ w S
\
.................... ‘w.”.”..u.”.“.. 100,12 100,15 oieennn.n

1. Mich. Geol. Sur., 1892, p. 141.
See also p. 185 and Vol. VI, p. 247250 and 265.
Relatively fresh.

1a. Molecular proportions. The figures above each molecular pro-

2. Same changed to kaolinite.

shaft, Cleveland mine.

13456.

Analysis by F. . Sharpless.

Lake

portion indicate the ratio of the ingredient in the fresh
and unaltered rock respectively.

2a. Molecular proportions.

3. Diabases, Gogebic Range, dike.

5. Dike from Aurora mine altered fo kaolinite.
Bull. 168, p. 73.

S. B. Cor. Ces. 13, T. 47 N.,

R. 46 W. See also Van Hise, Mon. XIX, p. 357, LII, p.
246, Bull. 168, p. 73; Bull. 419, p. 50.
4. Same altered, the pyroxene to hornblende, and hornblende

and feldspar to biotite.
analyzed with 41 K,0, 3.48 Na,0, 11.70 CaO.

to No. 2.

P. R. C. 1000. Feldspar is also

U. 8 G 8.

See also Van Hise, Mon. XIX, Part I,
p- 265; U. 8. G. S, Bull. 419, p. 50, entirely comparable

just over this dike given in Ch. VII § 4.

Cf. analyses of wafer from that mine, taken
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