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CHAPTLER .
A POPULAR DESCRIPTION.

§1. INTRODUCTION.

This first chapter is intended to be a short account of the whole
«ubject put in langnage that may be understood by penple who have
faken no course in geology. It is based on an article for the
Lake Superior Mining Institute, but I have tried to fit it for an
even wider cirele of readers.—the miner, the normal school student,
and the business man. And I have fried at the same time to con-
vev as much information as possible. In such a chapter the ar-
guments for the various conclusiong can not be given and it must
be largelv a statement of results, for the results may have to be
derived from the most refined and technical research.

In my studies of the copper bearing rocks I have received favors
from mining men from one end of the range to the other and
I take occasion here to express my thanks to C. A, Wright. W. W.
Stockly and A. H. Sawver of the Keweenaw Copper Co., W. J.
Penhallegon, who took a very intelligent interest in the matters
over which he had charge for the Calumet and Hecla around the
Delaware: D. 1. Scott at the Phoenx: Dr. L. L. Hubbard. my
friend and co-worker in science, and A. Formis who lhave charge of
the Ojibway; Fred Smifh and W. F. Hartman at the Mohawk
aud Wolverine; Capt. James 8. Chynoweth; Jas. McNaughton and
E. 8. Grierson, F. W, Ridley, G. H. Heath, J. B. Cooper, J. Pollard,
and many others at the Calumet: R. M. Edwards, Mat. M. Dennis,
Charles B. Lawton. R. H. Shields, A. C. Burrage, Norman W.
Hairve. W. J. Uren, Jas. E. Richards., F. W. Denton. R. R. Seeber,
Reg. C. Pryvor. Mr. Hiotehkiss, of the Adventure. J. M. Wilcox. It.
Feaner Douglas, Geo. Hooper. and R. 8. Schultz.

§2. THE LAKE SUPERIOR BASIN.

The State of Michigan is divided by Lake Michigan into two
peninsulas {Fig. 1), which may be likened to the right and left
hands of ihe State. In fact the resemblance is so striking that
the disfrict east of Saginaw Bay has long been known as the
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e-appear on the
Lake Superior is about 41
Sfuare iniles.  The greatest depth is 1,008 teet
lake is over 3500 feet deep. Tig average breadth i
and since jtg depth is from one to two-tenths of
shown that it though slight, concav
the curvatur

2 mileg long, and has an area of 31,200

and most of the
S about 76 miles
a mile, it can he
ity in the round of
¢ of the round earth in a dig-
the level curve of the water

is a real,
the earth’s surface, for

tance of {0 miles would mean that

would be about one-tenth of a mile above g straight line drawn
from gside to side. Thus the downward curve of the bottom of
the Lake Superior basin is greater than the natural upward
curve of the water Surface. But if the bottom of Lake Superior
is a downward curve, much more so must be the earth’s crust
passing beneath it, It is important to remember this, for if g
downward bend is formed in the earth’s crust it wil not be easy
to reverse it, any more than it ig easy to reverse a crease in a
piece of paper. So we are not surprised to find that the Lake
Superior region seems to have remained a basin (or synclinal)
from away back in geological history.

Accordingly, the beds to the northwest of the T,
southeast, and thoge to the south dip northward,

On the north ang on the south of thig basin-shaped (synclinal)
downbend, are upbends, bosses, shields or anticlinals, ag they have
been called. These upbends have largely "been worn away, ex-
posing cores of granite. Thig granite appears south of Bessemer
and Ironwood, ang again in the Huron mounta
around these cores of granite come first
rocks, in which the miner
are the Keewatin rocks.

Next come the series of Huronian rock
iron mines are located (Fig. 4).
Huronian rockg on the north
are similar. For inst
responds to rocks

ake dip to the

ins. Intermixed and
a series of dark green
al hornblende is VELy conspicuous., These

8 in which our Michigan

S
Like the Keweenawan rocks, the

and south sides of Lake Superior
ance the Iron Range of Gogebic Lake cor-
about Port Arthur. ()verlapping these there is g
fringe of the copper bearing op Keweenawan rocks, which on the
south side of Take Superior are €xposed at intervalg from Silver
mountain, which Jieg south of the head of Keweenaw Bay, past
the south end of Lake Gogebie. On the north side they are found
along the nery shore of Lake Superior from Duluth to beyond
Port Arthur. The succession of rocks is given in more detail in
Figure 4, ung ig described in a later chapter.,
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R = ——— e
System Series Name Fo{\‘mauon Thickness

Character of Rocks

ota 759 } Sandstone; white. waterbearing. in hollows of Calciferous dolomite, but absent often
255 10 180 § |~ Buff and bluish dolomites often sandy, with dolomitic white sandstones.
200 | Sandstone; white or light. waterhearing.

1
to 1500+ |

Ordovician

s
Neo-Cambrian/¢ g]acohsw‘]lc

Sandstone: red and browr and striped with streaks of red clay shale. conglomeritic
Saratogan | X Y Redstonel (40002) | " where it faps upon older formonbee. )
(Potsdam) 3 ¢ Hiatus ot drawn to: scale, the relation of the Freda to the Lake Superior Sandstone being uncertain,
@ | probably one formation.
Upper|
Keweenawan,| Freda

¥ Sandstone. red, with some felsitic and basic débris, and salt water,
perhaps)

Shales: dark, fissile beds, with dark

basic fragments, and products of decomposi-
350 to 6oo tion of lavas copper-tearing.
1000 to Conglomerate: very heavy red, with large rounded bowlders of all lower forma-
3500 tions, including jaspilitic iron ol

Tes. agate amygdules, gabbro aplites, etc.

Traps: basaltic lavas, and at least one—~the *

Cambrian

‘Middle”—conglomerate.
or
Primordial

Conglomerate: very heavy. like the outer conglomerate.

Keweena

7 12300 to 1417 Group of basic lava flows. with Jrequent beds of sediment, Marvine's (o).
L2i0r

Lower Ke-

1456 to Group of basic lavas of the “ashhed” type with scoriaceous sediment and only so
weenawan, ( 2439i feet or so of conglomerate. Locally felsites'
50 sedi-
ment) Group: mainly of lavas of the augitic ophite type, with infrequent sediments, At
3823 to the 1op is the *Mesnard epidote” and just beneath the heaviest flow, over 1.000
250 feet tgick at times known as the Greenstone. Under this is the Allouez con.
(4f:cn5‘€)d! glomerate, Marvine’s No, 15,

5. No. 13 is the Calumet and Hecla conglomerate
or lode. The Kearsz rge Lode is shortly above o.

? 0 gsoo+ Group: mainly of basic lavas. but wirth intrusive an
¢ labradorite porphyrites; al i

d effusive felsites and coarse
aplites,

50 intrusive dighase dikes and gabbro and gabbro

. 1000 ¢ 4000| Slates: black and graphitic, and graywacke slates. passing into graywacke arkoses,
Animikean and quartzites; metamorphosed  into staurolite, chiastolite, garzet, and other
mica schists and phyllitcs.

1ron jormation or schist: slates with cherty carbonate and soft ore.

Quarizite: with cgnlglomerate base,

and above quartzite or red and green flags, also
voleanic materia) ‘

Iron formation.: Cherty carbonates, altered fo jaspilites, etc., with effusives and
intrusives altering to hornblende schists and amphibolites.

H N Slates: graywackes and arkoses and volcanics,
uronjan

Quartzite,

Slate: black largely.

Dolomite: with siliceous cherty and slaty (shistose) bands.

Eo- 600+
Huronian

Quartzite: conglomerate and arkose,
Keewatin

Greensione schists. amphibolites,
felsites, rarely ellipsoidal green:
by granites, the Laurentian, an

. hornblende schists.
stones and slates and
d numerous other class:

sericite schists or. crushed
Jaspilites, very largely cup
es of injections, ot

Fig. 4, Geological Column about Lake Superior. After Journal of Geology, and
Fig. 2. Report for 1908,
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§3. THE KEWEENAW FAULT. ;
The center of this basin has been crowded. out of} Ei:;:; nalz) )
lifted up. Slow contraction of thﬁ ear;l;o((:ie:is;ggq lf:ling exsion of
ayer crust may have S s
f(?espolgzegrii&ggl( lzfig%h;.), or it may have been lifted up qn tl;snzz(ét
’ $ i ‘ molten rock thrusting its way in
OfTS:mS b)‘aStSiﬂl ng g;:;le:[t inserted mass (batholite) of heavy
1(:(}1; (;abi)m) forms the basal member of the Kexxieexzzifa; Hs;
fieé in Minnesota and in Michigan near the Bessellnea P or fammy
isra similar basal intrusive sheet of gabbro.' The faf :é'ture o
\\"ell exposed as the one in Minnesota. The lines o farults (FrF e
which beds have been thus displaced are known as

@) :
\h

e
i i Fault, the
igures i rati t ossible explanations of the Keween.aw' A
F(ig' (?1'} f]:&%g;%iso1illg§tlc%txiﬁ%'esggnp; the upper (b) formation by the intrusion of a
ver 1]
L?\gat gabbro sill.
Iigure 5). Faults are not really straight although they are gflil-
' ) ) . N 1. . . . . e
(*r:THv drawn as straight lines, nor are they always inclined atd ‘
1me angle at every point. Though at times they are marked a
e y 1 ieh me , a
the surface by a single narrow line which may be follOWTd by
v seam [ iner : y are
narrow seam of red clay, known to miners as fluccan, kt ey
A i 0% C ttered rock.
frequently characterized by a b1o~ad. belt of shz_ittereg e G Ty
The great crack or fault in Michigan runs from Bete Ba
Kew i vestward past the north end of Lake
on Keweenaw Point southwestward pas
(fogebic. N o dat
I roing west from the Huron mountains we pass ov
he Etl Jacobsville sandstone) around the head of
it [ co )
lying sandstone (the Ja " : o o
< - which belongs
) s ragq, and near the Mass mill,
Keweenaw Bay, at Baraga, ° : -
i : a great fault,
~ : rock. Then we come to a g
above the copper bearing : ne _ e
:')n the northwest side of which the country is higher and

‘Annual report for 1906, p. 488.
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rocks are uptilted =0 as to bring lower rocks, the copper bearing
b i t=]

rocks, into view. These beds dip at first steeply, then more grad-
ually northward to the lake. They are mnt(jhed on the otl(ler
s.ide by similar beds on Jsle Royale, which have steep dipsywith fel-
.‘flfe' at the north margin of the island as Keweenaw Point has
)o'n its south margin. The backbone of Isle Rovale and that ;)f
heweennw Point is the same lava flow. The fom;ler iy frino‘()(i on
the south side by sandstone, while on Keweenaw Poin‘ra éand-
stones oceur near the varions mill sites at Freda. ‘

One reason for thinking that this great fault which bounds the
copper range on the south is not merely due to intrusion, but in
pm-t to some long, slow action, like the shrinkage of the earth
Is that there seems to have been motion along itb for ages Noti
80 very far from it at Limestone mountain (in Sectionz 23 and
24: T. 51 N, R. 35 W., and again in Section 7 northeast) Paleo-
zolc strata as late as the Niagara are caught and presérved in
a fold in the Lake Suaperior sandstone, which along the line of the
fault is disturbed from its normally nearly horizm?ta] position. A
picturesque instance of this ig the Wall ravine not far IlOl”ﬂ.l of
Lak'e Linden, which, as well as the more noted Douglass Houghton
ravine and falls, is north of and close to the e]eztric line from
Calumet to Lake Linden. A mile or two south of the College
of Mines a number of ravines also show the fault, and the sambe
regim? shows indications of faulting before as WQ,H as after‘ the
deposition of the Lake Superior sandstone, in the overlap of this
sandstone upon the upturned copper range. Pebbles of lower
beds of the Keweenawan series are also found in the hizher con-
glomerates of the same f ormation, showing that the upliftbbeﬂan in
Keweenawan time, and yet the fault line must have been a, Zenter
of disturbance ages later.

Such a line of weakness when once formed naturally remains
a line of weakness. Hobbs has shown that earthquakes follow the
same lines of weakness again and again.

There is another way of looking at the faulting. The Keweenaw
and previous formations show great overflows of molten rock from
the earth’s interior. The granite areas of the Huron mountains
show great dikes of these lavas which have been thrust in and con-
gealed. We therefore may easily see that if the lavas came from
beneath Lake Superior there would be a tendency for the crust
above to slump and perhaps for the sides to comeutogether to fill
the void thus leff.

There are other main faults like the Keweenawan fault, nota-
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by one on the south side of the Porcupine mountain range, and
others described by Lawson around Port Arthur. )

§4. OTHER (RACKING,

With this uplift naturally came a good deal of other fracturing
of the rock, splinter faults we might call them, and all this dis-
twhance may have had a good deal to do with setting up and
guiding the circulation of the waters that laid down the copper.
Some people 1hink that the copper was introduced into the forma-
tions at this time, but the writer thinks that it was only collected
together into, workable deposits.

The amount of uplift differs in various places and in some of
them rather suddenly. While around the Calumet mine the beds
dip 41 degrees or less, in the vicinity of Hancock and Houglton
the dip is nearer 56 degrees, and a few miles farther south in the
mines of the Copper Range Co. on the Baltic lode it is about 70
degrees. Numerous data on dip will be found in Chapter V.

There are many fractures running across the formation. The
following figure shows a few of those along the Gogebic range,
and how the range is by them broken up into blocks.

Further references to these fractures will be found on con-
sulting the index. See, for instance, the fractures on the Wyoming
and Manitou properties. Sometimes the beds are only slightly dis-
placed and the fracture is marked merely by a seam in many in-
stances filled with some white mineral like calcite or quartz.
The pinkish sawdust-like laumontite, the lead colored copper ore,
chaleocite (or glance), native copper, and brass colored copper ar-
senides like Mohawkite occur in the seams. Along some fractures
the displacement is greater but in most instances it is only a short
distance. Mardly a mine is without cross-fissures, yvet it ean not
be said that in general the mines are richer next to them in the
main Keweenaw range,

Usually, but not always, at a fissure running northward a
bed running, or as it is called, striking east or northeast and
dipping north under the lake is found to the right as one follows
it across the fissure from west to northeast or east, as though the
beds had on that side been thrown to the south or downward. This
is well marked in the last two fissures of Figure 6. However.
in following a bed across what seems on the surface to be such a
fracture the -bed may never be lost entirely but simply deflected
suddenly from its course on entering a belt of much disturbed
ground, filled with innumerable minor fractures coated with clay
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called clay seams. Such a belt may be called a shear zone or
kink in the formation (Fig. 11) as though some gigantic pair of
shears had started to cut the formation apart and make a fault,
but had stopped in the act.

Some of the beds of the copper bearing (Keweenawan) series
are copper bearing for long distances—so-called bedded lodes.
The Kearsarge lode, so-called, is being mined from the La Salle,
the south line of T. 56 N., R. 33 W., to the Ojibway, Section 14,
T. 57 N, R. 32 W., that is 13 miles, and it is known to bear cop-
per in paying quantities; at least in hand specimens, for twice this
distance.

Now when such bedded lodes are crossed by fractures a change
in their productiveness occurs. This will be gone into more fully
in a chapter on the distribution of copper. Toward the end of
Keweenaw Point, where the dips of the beds are relatively flat
in the upper part of the formation, the cross-fissures were the
first and most extensively mined and the bedded lodes are richer
near them. Near Portage Lake the reverse seems quite as offen
true.

§5. SLIDES.

Fractures running across the formation are by no means the
only ones which are present. If we bend up a pack of cards we
notice a good deal of slipping of one eard over the other. Un-
questionably there has been much slipping of one bed over another
in the uptilting or bending of the Keweenawan beds. Sometimes
this is shown by a polishing of the two different beds adjacent to
the contact line, “slicken-sliding” it is called. The polish is not
perfect and the direction of motion is indicated by scratches. Some-
times one or both of the beds lying next to such a slide are shat-
tered with small fractures or rubbed down to a red clay called
fluccan,

But probably more often than it is easy to prove these slides
do not run at all times exactly with the beds but dip more steeply.?

All these fractures parallel to the strike of the beds are liable
to be called slides as well as veins. 1f, however, we assume that
when these faults are not parallel to the bedding they dip more
steeply, such faults, if they do not produce repetition of the same

:A very well known illustration of the kind occurs in the Michigan mine (formerly
Ainesota with one n) in which the “North” vein which dipped 52° to 64° came dowa
on a conglomerate which dipped about 44°, the two intersecting at the 40-fathom
to G0-fathom levels, where the greatest masses of copper ever found were lqcated, as
described by Lawton in the report of the Commissioner of Mineral Statistics, 1880,
p. 76. A mass weighing about 500 tons, 46 feet long, 181% feet broad, 8% feet
{hick, average breadth 1214 feet, average thickness 4 feet, was the largest.
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bed, but strike out a part of the
as it is called “normal.”
¢ al” as shown by i ]
it . ! T as s oy the following figure (7
.Lj studying Figarve 7 i e
miss the conglomerate entirelv or seei
normally thin owing to

the strat N

e ’t l’Fd (befl d-e). Now, as a matter of fact, in m
ecords in various shalts, drill holeg :
ofte 1S o 1 1 )

ften seems as though something was gone, th
set of beds were repeated. 7 . ’
under the Greenstone often seems to have w
the Allouez conglomerate.

at the bottom of the Centr

Fig. 7.

IHlustrating effect of normal slide faulting.
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This would be nearly the composition of the mineral known as
augite. but in such a rock there would be only 25 per cent to 30
per cent of augite, a little over half would be a lime soda feld-
spar and the balance would be magnetite or ilmenite, chrysolite
(olivine) and chlorite. zeolites and other minerals usually called
secondary. Such a rock, if so coarse that both feldspar and augite
can be recognized, would be in Pirsson’s and Chamberlain and Salis-
bury’s field classification, a gabbro—if less coarse, so that while
the constituent feldspar is plainly observable the dark mineral
can not be made out (and good geologists have indeed often mis-
taken augite for hornblende in these rocks), a dolerite, while if
finer vet it would be, if not porphyritic, a basalt, if porphyritie,
a melaphyre. All these varieties may occur in one and the same

Java flow, and it is convenient to have some term to apply to a

lava flow as a whole regardless of its varying coarseness of grain.
We might call these flows traps, but time-honored usage in Lake
Superior discriminates the main massive part as trap from the
originally porous upper part as amygdaloid. These are semi-pop-
ular terms.

The term gabbro is kept for the deeper-seated intrusions. Most
of those rocks which ave generally fairly uniformly coarse in grain
are gabbro. All the effusives are wholly or partly of the melaphyre
type. So we continue to use the term melaphyre for the dark col-
ored lavas generally, and call the coarser streaks doleritic mela-
phyre, instead of dolerite.

Since many writers confine the term basalt to younger, more
vitreons rocks and very many apply it to porphyritic rocks, and
since this term has not been much used in connection with these
Keweenawan rocks, the term melaphyre being used by Pumpelly, Ir-
ving and most writers, we shall not introduce it here, but continue
to speak of melaphyre, feldspathic melaphyre, and luster mottled
melaphyre, or ophite. The chemical character of these rocks is the
subject of a separate chapter and has recently been quife fully
discussed by A. Winchell. Variations in composition arise in these
rocks from increase in silica or soda and decrease in lime when
compared with the prevailing types. In either case the rock is
liable to be relatively finer grained considering its thickness. As
the soda increases and the lime diminishes we find a strong ten-
dency for the feldspar to have crystallized out earlier and occur
clotted together (or glomeroporphyritic) in lighter angular light
greenish or reddish forms on the porcelain-like mass of the rock.
Such crystals are called porphyritic crystals (phenocrysts). Large
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porphyritic crystals are characteristic of certain beds, the foot of
the Kearsarge lode, for instance, and the Ashbed melaphyres.

As the silica increases there is a strong tendency to flesh, red,
and light colors, and the occurrence of phenocrysts of white feld-
Spar, or of quartz either round or nearly square. If the quartz
particles are inconspicuous the rock is called felsite, if conspicu-
ous quartz porphyry, or as has been suggested quartzophyre.

These traps are mainly surface lava flows or sheets, like those
that fill the Snake River Valley in the west, and cap so many
mesas, and line the flasks of voleanoes like Vesuvius, Etna and
Kilaiiea.

The top of each flow is naturally more likely to be open in
texture, full of bubbles, and thus more porous and easily crushed.
Such tops are known as amygdaloids, and they are sought by the
explorer, for in the filling of their pores the copper may be con-
centrated. A real amygdaloid top to an independent lava flow
is likely to be fairly persistent and has numerous round walled
cavities often filled with some white mineral. Its top is commonly
pretty well marked while its base fades out gradually into the un-
derlying not bubbly compact part of the flow which is distinguished
as “trap.”

But just as modern lavas or streams of slag are liable to gush
over and envelope cooled crusts, or crystallize and leave cavities
like those lined with melilite crystals in the pots of slag from
the copper cupola farnaces, so was it with these old lavas. Amyg-
daloidal streaks often run down into the trap, and amygdaloid
spots, bombs, or inclusions, characteristic under the Wolverine
sandstone, are often found in the solid trap, and coarsely and
openly crystallized “doleritic’™ streaks are also found especially
in very thick flows, and between the erystals, calcite, etc., may
form giving these streaks also 2 spotted and amygdaloidal ap-
pearance, ‘

The trap under the amygdaloid, the foot wall trap, is liable to
be relatively lighter and more feldspathic, feldspar being the
lighter mineral. The feldspar is generally oligoclase or labrador-
ite, and appears as rice-like grains if the rock is coarse enough,
The darker interstitial matter is mainly augite or its alteration
product, chlorite. The olivine is easiest recognized when it is
more or less changed to a reddish micaceous mineral. The mag-
netite is not conspicnous in the hand specimen, but is easily at-

4Vol. VI., Part 1., PL 6, Fig. 3 and p. 167. I think the feldspar crystallizes better
in the presence of steam, and that these doleritic streaks are where the lava had
more water vapor.
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tracted from the powder by a magnet. The hanging wall trap is
renerally darker and more augitic.

%91;?1211]15 I(’i:ck is very feldspathic and the feldspar is oligoclase
there is a strong tendency for the feldspar to crystallizeiout early,
either in sharp crystals or in groups of crystals Wl.nch, ‘where
somewhat decomposed, are quite easily fnistaken, especially mq thle
uncertain light of the mine, for the white filled amygdu,]}es. kl,)uci
traps are particularly conspicuous above the “Greenstone” at abou

he horizon of the Ashbed. '
Ul(;]tlo(l;gl(‘); (‘)Limes as we have said large c:rystals of Iabrgdorﬁlte
feldspar are characteristic of a flow. This is true <.)f the 7blg tl?lp
whose amygdaloid top is the Kearsarge amygdalmd. When the
flows are very feldspathic or siliceous the grain tends to be ﬁn?,
the fracture conchoidal, the ring clear. When the .ﬂo‘ws are very
augitic the feldspar laths are imbedded in the a.uglte.and the ol-
ivine and magnetite are crowded between the augite patches.
These augite graing increase in size from the base of the flow to-
ward the center. The increase is not absolutely regular and de-
pends on the composition and other circumstances as well, blflt very
éommonly the diameter is 2 to 3 ten-thousandths of jthe dlstancg
from the margin.® These rocks Pumpelly very grafphlcally .calle
luster mottled melaphyres, since a freshly broken piece held in the
light shows lustrous mottlings here and there..from; the cleavage
faces of the augite, which appear as patches interrupted by the
enclosed feldspar. The fracture of such rocks is 1:0ugh and hackly
or bubbly, not smooth and conchoidal like porcelain or glass.

On a weather beaten surface the augite centers seem more re-
sistant than the interstices which give the pock-marked appe.af*—
ance that caused the rock to be called in Foster and Whitney’s
time, Varioloid greenstone.® This occurs in various beds, bu:c‘ Slfoxys

up beautifully in the great ridge locally known as the “Green-
stone” on Isle Royale (Plate I),” at Monument Rock, and el‘se‘-
where, and on the crest of the ridge that rises ab(w(.% the CIliff,
thnix, Central and other old mines of Keweenaw Point. I owe
to Mr. W. J. Penhallegon a number of good views. (Plat? IT1.)
This rock may finally break down to a coarse gravel, the size of
the particles of which is determined by the fact that many of the
fragments are single augite crystals or a good I.)art 0’{’ them:.

The same structure comes out, though very faintly, in color p'at
terns, even on rather fresh specimens, in faint shades of purplish

T'wo to three mm. in 10 meters or yards, or at the rate of 1 inch diameter between
] t from the margin. .

25‘(‘)H%{l1<sle4l%?z.f§)eoc. No. 69, 81st Congress, 1st Session, 1850, p. 64.

7PL. VII, of Vol. VI, Pt. 1, see also Pl. VIII.
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brown and green. With a little more weathering, the same struc-
ture may be brought out in shades of yellow and brown. especially
on the smooth “joint” planes by which the rock is often riven.
On smooth, but not polished, surfaces such as beach pebbles or
diamond drill cores, the pattern is brought out better than on
polished surfaces. The structure is of course obvious in thin sec-
tions. Many of these patterns resemble the mottling of a reptile’s
(ophidian’s) back, as shown by Plate IV, and for this reason many
French writers have called this texture ophitic and rocks which
exhibit it, ophites, a term which I have adopted for our luster
mottled melaphyre.

In intrusives the gases do not escape and the crystal-
lization of the feldspar is promoted and the termination thereof
delayed, so that it is much coarser relative to the augite and at
the same time less sharply embedded in an augite matrix. In ad-
dition to the lavas are sediments which are derived from them.
On Keweenaw Point there is almost no material that may not be
derived from the series itself, and much of it is, as Marvine has
pointed out, extremely local. But the Keweenawan conglomerates
contain many pebbles of Pre-Cambrian granites and greenstones,
and the Keweenawan north of the Gogebic range also contains peb-
bles of the iron bearing formations to the south.

The sediments are generally red, maroon or purple and they
vary from very coarse conglomerates with huge pebbles many
inches in diameter to fine red mudstones. These latter often show
beautiful sand ripples and mud cracks, and sometimes have ‘curi-
ous markings suggestive of soft worm tracks (See Plate V).

The shales and fine grained rocks are rarely black. The most

conspicuous case of this is the Nonesuch shale horizon which will
be described later. But a few other cases occur, for instance, a
bed in the Rockland district (21, Adventure section, chapter 5, § 25).
Such black shales, however, seem not to be bituminous, but to owe
their black color to the fact that they are made up so largely of dark
particles of the trap-like serpentine. This is shown in an analysis
by Dr. Gysander of the Cochrane Chemical Co., made with extra
care for us. (See table of analyses, Chapter I1, § 16.) It will be seen
that there is practically no chanece for carbon, but that the black
color is due to a composition which may be accounted for by the ad-
dition of ground-up trap from which the lime has been abstracted.
It is practically a black sand like those along Lake Superior. The
presence of palladium, a rare and valuable mineral of the platinum
group, such as are found in the Oregon black sands, is very sugges-
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tive.  The sample was taken from a drill core as far as possible
from any known vein or lode though to be sure in the course of
drilling up the Nonesuch. A corresponding variety occurs among
the conglomerates, those that I am now calling amygdaloid con-
glomerates because they have many amygdaloid pebbles in them.
I have also called them scoriaceous conglomerates, but the former
name reminds one of the fact that they look a good deal like amyg-
daloid and at the base run into scoriaceous amygdaloid. They have
been called «shbeds. But the real volcanic ashbeds. like the Mes-
nard “epidote,”® are puzzling fine grained beds. Olinker beds would
be a betfer term for these rocks. Moreover, in genuine voleanic
bombs and scoria.there is a variation in texture from the margin
to the center. This is sometimes the case in these conglomerates
but not always. We need a term to include all those beds which
are characterized by a red shaly cement, matrix or base in which
are pebbles of the traps. The red sandy and shaly matter also
works into the loose clinkery top of the lava and makes scoria-
ceous amygdaloid, and it is often impossible to tell where the base
of one of these amygdaloid conglomerates is, especially in drill
cores. In fact this red shaly or sandy sediment may work far down
into the old lava beds or traps, following the cracks that formed
as it cooled, and to such little red sediment-like veins I have ap-
plied Wadswortl’s name of clasolite.® Clasolites are generally red
or gray or epidote yellow-green, and to all intents and purposes
the same as the matrix or filling in the amygdaloid conglomerates.
Such shales may also be caught up by the lava in its flow.

A conglomerate may change from a conglomerate of red felsite
pebbles to an amygdaloid conglomerate in a very short distance.
The Calumet and Hecla conglomerate, only a few miles south of
the Franklin Junior, as Hubbard showed, and even nearer, is an
amygdaloid conglomerate. One feature of all of the conglomerates,
especially the smaller and lower beds is worthy of attention. Not
only is the material largely derived locally from the formation it-
self, but it is only slightly vounded. This is notably the case in the
Calumet and Hecla conglomerate itgelf which has accordingly been
described as a breccia,—a term which it is convenient to reserve
rather for angular aggregates made by the breaking up of the
beds by disturbances.

This angular character of the pebbles is naturally to be ac-
counted for by the fact that they seem in many cases to have been

S\\'hi('l) do oceur, through Ivving did not happen to strike one (U. 8. Geological
survey Monog. V., p. 32)." They are not thick or conspicuous so far as I know.
"Which may be briefly’ defined as clastic vein.
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transported only a short distance.  For instance, the quartz
porphyry pebbles of Calumet seem to have come from gz quartz
porphyry only three miles away. Such facts would be explained
naturally by supposing that the conglomerates are land
formations, and in fact red colors are supposed to be
often a characteristic of land  formations. A deposit of
red desert sand, wind blown or washed in by oceasional
floods, wonld be altogether natural on the tops of old clinkery lava
flows, and it is easy to see how such amygdaloid conglomerates
would form.. Tp many of these amygdaloid conglomerates, there
is a sharp break in character between the very fine sandy matrix
(which looks much like the dust and sand I collected on mesas out
west), and the pebbles or scoria which on the whole can be easiest
explained in some such way.

Another fact that would suggest that some of these conglom-
erates were formed on g land surface rather than as marine de-
posits is the fact that thin beds are found to be persistent above
and below lava beds that vary enormously in thickness. An illus-
tration of this is the two conglomerates (Marvine’s 15 angd 16),
one just below the other, not far apove the “Greenstone,” which
thickens from Jess than a hundred feet near Portage Lake to
probably over g thousand out on Keweenaw Point. The distance
between the two conglomerates, 15 and 16, each of which ig sup-
posed to be continuous, increases in the same way. The most nat-
ural explanation supposes that the two conglomerates were old
land surface formations, though this is not the only explanation.

That the felsites should weather into g mass of angular frag-
ments, a cross between g conglomerate and g breccia, is entirely in
accordance with theip usual habit of weathering.

The writer is therefore now inclined to consider the Keweenawan
as more largely a land surface formation than he did in writing
his paper on Mine Walters for the Lake Superior Mining Institute
In 1908. 1In this his views have been modified by discussion with
Huntington, Barrel]l and Leith, quite as muel ag by his own widen-
ing experience. This does not by any means imply that many of
the conglomerates were not laid down in standing water and others
by running water, for they certainly were, but that one must be
very cautious in assuming that they were laid down in sea water,
though they may have been laid down in lakes.t0

°See Fenner's discussion of the New Jersey Traps, Journ. of Geol. XV, No. 4,
(1908) p. 299.
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§7. GENERAL SUCCESSION OF KEWEENAWAN ROCKS.

(1.) Lowest rocks. Bohemian Range Group. When work was

begun on the Black River cross- section northward from near Bes-
semer on the Gogebic range, the writer expected that the traps
of the South Copper range, which extend from the south end of
Lake Gogebic to this place, would prove to be a repetition of some
part of the main range coming down from Keweenaw Point and
lying north of the Duluth, South Shore and Atlantic R. R..*
| This cannot be made out,
? The traps from Bessemer to North Bessemer appear to be older
than any beds exposed north. While there are many flows of or-
dinary character, there are also beds with very conspicuous por-
phyritic feldspar, something like those below the Kearsarge lode,
but more slender. The trap itself is peculiarly blue-black and
fine. Quartz and agate amygdules, sometimes of good size, are
common. Ilongate, so-called pipe, amygdules also occur. Intru-
sive diabase dikes, near the Bessemer poor farm an intru-
sive tongue of coarse gabbro, and near the top of the series a
genuine feldspar porphyry capped by an angular conglomerate
of felsitic breccia combine to give this part of the series a peculiar
type. To be sure, high up in the series the Chippewa felsite and
associated rocks of the Porcupine mountains have certain points
of resemblance to these, but there are a number of dissimilarities
such that I can not take them to be the same.

A somewhat similar series of beds also forming the base of the
visible series has been carefully described by Dr. Hubbard from
the Bare Hills and the mouth of the Montreal river and the scuth
slopes of Mt. Houghton and Mt. Bohemia. The uppermost layer is
what Hubbard calls the Mt. Bohemia conglomerate, and up to this
horizon occur effusive and intrusive felsites. The Mt. Bohemia
gabbro cuts nearly up to this horizon, and may be younger. We
may call this the Bohemian Range group. North of Bessemer the
thickness seems to be 9,500 feet, but there are probably not over
500 feet of sediment.

The presence of this group between Calumet and Portage Lake
and farther south along the range has been an uncertain question.
Hubbard made out a strong case for the identity of the Bohemia
conglomerate and the so-called St. Louis conglomerate on Section
30, T. 56 N., R. 32 W, and Section 35, T. 57 N., R. 32 W, but that
was as far as we have dared carry it with any assurance. The
Torch Lake section given later has convinced me that the general

]
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TYOee . -~
(1908) p. 299,

T Annual report for 1905.
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horizon ol the Bohemia conglomerate is that of Marvine's Con-

“elomerate &, exposed just hack of the Arcadian and Isle Royale

workings.!?

Conglonierate R, the top of this group, we assume, passes a few
hundred feet below fhe Arcadian, Isle Rovale and Winona lodes.
which appear to be practically identical and may be the same as
the first conglomerate south of the bluffs at the Lake, Mass, and
Adventure bluffs (ot the Minnesota then). The 2,500 feet of beds
hetween it and the Baltic conglomerate near Portage Lake con-
tain not less than four well-marked red conglomerates. while the
traps toward the base are good heavy beds (ophites) 100, and in
the case of the Mabb ophite over 200, feet thick, with clinkery
amygdaloid tops, very hard to distinguish from amygdaloid con-
glomerates, especially if at all disturbed. .Marvine in Volume I
of these reports numbered the conglomerates around Portage Lake.
The four conglomerates just mentioned are his 8 to 5. TFor further
details see especially Sections 5, 14 and 16 of Chapter V.

(2.) Central (Mine) Group. This group is as well exposed in
the Central mine as anywhere else and in the diamond drill sec-
tion thence south (q. v.). The Clark, Empire, Mandan, Manitou,
Uentral, Phoenix, Cliff, Calumet and Hecla, Torch Lake, La Salle,
Franklin Junior, Arcadian, Isle Royale Consolidated, and Winona
sections (q. v.) all develop this series. The various exposures in
Houghton village from the College of Mines to Hurontown creek
beyond the Copper Range station, show the beds. This is a new
name I have introduced; naming it after the Central mine, with
the thought also in mind that it really covers physically the cen-
ter and backbone of the Keweenaw Ranges. I placed the lower
limit at the top of the Bohemia conglomerate, and the upper limit
at the St. Mary’s “epidote,” a small genuine volcanic ashbed which
often looks jaspery and occurs just above the Greenstones.

Thus limited this group is characterized by few and thin con-
glomerates,”® but numerous, and at times very thick, lava flows
of uniform composition, on the whole not far from that of the
standard ophite. -

*The arguments will be given later. DBriefly, the strong group of Conglomerates
8 to 5 are not represented between a narrow felsitic band which almost surely repre-
sents the St. Louis conglomerate and Mount Houghton felsite horizon, and the dips
of the Torch Iake and Douglass lloughton section are flat enough to swing these
conglomerates into line. In that case the Isle Royale Consolidated section would
show (721 1753) (2473) feet of this group at Houghton down to the Baltic con-
glomerate and including the Baltic lode, the base of the series mot being reached.
Unless there is repetition by faulting the workings of the Lake and North Lake
and similar developments would also be in this group.

185.65% of 8,500 feet at the Arcadian, 6.65% of 6,247 feet on Isle Royale (400 to
500 feet of sediment).
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On Black River the thickness of the group is possbly 25000 feet,
ai Portage Lake (90 + 2835 + 3015—27) 5913 feet, out on the Point
about 7.000 feet, on Isle Royale (6115—2045) 4070 feet.

Of Marvine’s numbered conglomerates, 15 1o 9 occur in the Cen-
iral mine group.

The Allouez or Albany and Boston conglomerate just under the
Greensione is 15, and is not far above the Medora lode.

The IToughton is often a triple amygdaloid conglomerate and
i« No. 14. The so-called Montreal lode is near it.

The Calumet conglomerate is the lucky 13.

The Kearsarge conglomerate is a heavy conglomerate around Cal-
umet and appears to cover Marvine’s 12, 11 and 10, but seems to
split back of Houghton. :

The Wolverine sandstone is generally, but not always, a deep
red sandstone and is No. 9. It is only a short distance below the
Kearsarge lode, separated from it by a trap bed showing large
porphyritic feldspars, and a long way above the Isle Royale lode.
For details of distances between these beds reference must be
made to the detailed sections and correlation tables.

The culmination of volcanic activity is in this group. The thick-
est individual flow is probably the Greenstone which in the Man-
itou section is 1130 feet thick, but for a continuous succession of
flows with no important sediment the three thousand foot interval
between Conglomerate 9 and the bottom seems to hold the record.

The general course of this group and its conglomerates is made
easier to grasp by Figure 8. This is an outline of Plate VIII.

(3.) Ashbed Group. This group was named from the Ashbed
mine, and old mine which has not been worked since 1900, whose
property covers a strip from the Lake Shore to the center of Sec-
tion 23, T. 58 N, R. 31 W. The mine itself was so named pre-
sumably from an intention to exploit one of the amygdaloid con-
glomerates known by the miners as the Ashbed (Marvine’s No. 17).
It includes Conglomerates 16 to 18, and is characterized by lavas
which contain more soda than the regular ophites and which are
relatively feldspathic and fine grained.

The feldspars in these lavas appear white or green on a green
or reddish ground, and are often clotted together (glomeroporphy-
ric). As we go toward the Porcupine mountains a genuine red fel-
site appears in a thin horizon between Winona and Rockland. I
think it extends uninterruptedly to beyond the Black River sec-
tion, and forms the main mass of the Porcupine mountains. This
region seems to have been the center of its dispersal. Intrusive
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felsites are found in the Porcupines and between them and Lake Go-
oehic. The Tamarack shafts are sunk in this group. It is 2400
fect thick there, but on Isle Royale (2045—806) only 1239 feet
thick.

[ am tempted to regard the Mesnard epidote, which is a volcanic
ash. as a correlate to this felsite. At any rate, associated with
it ﬁre some conspicuous porphyritic beds of darker color, which

‘ may represent the other beds of the Ashbed group. If one con-

siders that this lLorizon can be fairly well followed throughout
Michigan, even across Lake Superior to Isle Royale, one is justi-
fied in expecting it elsewhere, for instance, in the Temperance River
group of Minnesota.

(4.) Bagle River Group. This group is characterized by waning
voleanic aclivity. It contains numerous sandstones and conglom-
erates, and on the whole they are more rounded in this group
than in others. The individual lava flows are generally not thick
nor coarse grained.

In this 2300 feet Marvine estimates 860 feet of sediment.
Around Calumet 1700 feet may be assigned to it and on the Black
River north of Bessemer 1417 fect.

Tamarack shaft No. 5 reaches downward fo a point a little above
the top of the Ashbed group, while shaft No. 2 starts at a point
nearly down to the Kearsarge amydaloid giving a section from
3640 feet above the Calumef and Hecla to 1420 feet below (5060
feet), as iHustrated by Tigure 9. See also the cross-sections in Vol-
uvme V, Part 1, and clsewhere given in this report. (Figs. 36
and 37.)

The conglomerates which occur around Copper Harbor were
treated and mapped together by Douglass Houghton who consid-
ered the intervening Lake Shore Traps to be intrusive dikes. When
these were found to be continuous interbedded flows the conglom-
erate above the traps was called the Outer conglomerate, the one
below, the Great conglomerate. Hubbard showed that there is at
least one conglomerate separated from the Outer by trap above it
and from the Great conglomerate by trap below. This he called
the Middle conglomerate. But we do not know that these traps
which break up the mass of conglomerate and represent the last
phase of voleanic activity in the Lake Superior region are every-
where persistent,—in fact north of Calumet they almost disap-
pear and they have not been found in the vicinity of Houghton. So
there seems to be a real need for a name for the group as a whole
and after consultation with a number of fellow workers “Copper
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[Tarhor conglomerates” scems to be best. When they are sepa-
pated by the Lake Shore traps into two or threc parits one can
«till apply the adjectives Great, Middle and Outer. and indeed
need not always give them the full title. For “Great Copper Har-
hor conglomerate™ or “Middle Copper Harbor conglomerate,” one
TIBAS :\'1;1! say “Great conglomerate” or “Middle conglomerate”
whim {he meaning is clear.

The disadvantage in thus grouping the conglomerates is that
Irving made the line between Upper and Lower Keweenaw at the
ighest and youngest known' igneous rocks, the top of the Lake
=hore Traps. Thus the Outer Copper Harbor conglomerate is the
hase of the Upper Keweenawan.

(3.} The Great Copper Harbor Conglomerate is a coarse
heavy conglomerate at base, with large generally well rounded
pebbles of  great variety, mainly Keweenawan. Its thick-
ness, not allowing for initial dips, varies from 1800 to 2200 feet al
lagle River and Calumet to possibly 340 feet (?) on Black river,
but apparently it is much thicker in the Porcupines.

The top of this group under the Lake Shore trap in the Porcu-
pine mountains is a hardened red mud which is highly charged with
epidote and calcite and occasionally with copper. Throughout the
formation there are, above the base, alternating streaks of more
or less coarse red sandstone and mud rock (red shale) and true
conglomerate. Conglomerate is generally the most conspicuous.

(6.) The Lake Shore traps are a series of flows, none very thick,
the total thickness varying from 1800 feet at the end of Keweenaw
Point to 900 feet at Calumet and 400 feet on Black river. They
are apparently absent around Portage Lake® They represent the
last voleanic outbreak in the Lake Superior region. The Lake
Shore traps are melaphyres without any very distinguishing trait.
The amygdules are generally rather coarse.

(7.) In the Outer Copper harbor conglomerate on Black river
may be found pebbles representing all the Lower Keweenawan types
including intrusives, amygdules and agates, and also Huronian
iron bearing jaspilites and other rocks. A thickness of only 1000
feet is given for the Outer conglomerate on Keweenaw Point. Gor-
don makes the thickness 5000 feet on Black river, Irving 3000 feet
in the Porcupines.

The upper quarter is largely sandstone, the lower quarter largely
conglomerate. The Nonesuch lode is really in this formation just

“The one occurrence, reported by Irving, of a dike cutting the Upper Keweenawan
near Lone Rock north of the Porcupines, proves not to be such.
5See Chapter V for discussion of relation to Middle conglomerate.
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mnder ibe Nonesuch sbhale, being a rather striking conglomerate,
the general body a coarse greenish sandstone or fine conglomerate
in which are bright brick red pieces of red rock (gabbro aplite).
The analysis of the Point Houghton sandstone would probably
fairly represent its composition.

The presence in these Copper Harbor Conglomerates of numer-
ons pebbles which, if correctly identified, are of rocks intruded
into ilie Keweenawan at some depth, and of agates, etc., formed
in them tends to show that the earlier part of the series must
have been considerably eroded, being either uplifted or forming
from the very first a land formation exposed to erosion. As ero-
sion continued the knobs of felsite, the harder quartzose red rocks,
secem to have been worn down the material becoming finer with
more of the dark basic lavas in the sediment.

(8) Nonesuch Shales. The Nonesuch shales are quite uniform
and persistent in thickness, appearance and distribution. Their
thickness is 350-400 feet on the Montreal, 500 feet at Black river,
600 feet in the Porcupines, and somewhat the same near Rockland.
Thenee north their oceurrence is not so well known, but they ap-
pear to pass Porfage Lake on the powder company’s lands, Sec-
tion 28, T. 55 N., R. 34 W.

The shales are black, fine grained, micaceous, sometimes green-
ish, and grade into greenish flags or grits and sandstones. Some
of the sandstones have bands of iron ores which completely cover
{he cleavage faces. The black color is, therefore, due to iron and
chlorite and not to organic matter as the analysis proves. It has
no more iron than the red sandstones, but the iron is combined
with alamina, magnesia and silica, into green minerals like those
which occur in the altered conglomerates and amygdaloids. The
Nonesuch must have been formed under such conditions that the
iron oxides did not readily rust and oxidize. It preserves, beau-
titully, ripple marks and mud cracks, and seems also to contain
traces of crawling animals or sea weed. (Pl V.)

(9.) Freda Sandstones. Above the darker shales and grits of
the Nonesuch, red beds appear again,—generally a red, impure
sandstone, sometimes conglomeratic and sometimes red shale, in
general much like the Outer and Great conglomerate, except that
the conglomerate becomes less and less abundant. The higher
beds were well exposed near the new stamp mills at Freda and all
aJong the adjacent shore. A drilled well at Freda showed a thick-
ness of not less than 900 feet. They can not be less than 1000
feet thick there though the dip is much flatter than the beds
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above, more like 10 degrees to 30 degrees from 4000 feet to 12,000.
Irving estimated 12,000 feet of thickness in the Montreal section. I
sn*onély suspect a repetition by faulting there, but even if this is
<o there can be hardly less than 4000 feet.

The relation of these sandstones to the Jacobsville sandstone,
and the Apostle Islands sandstones, which all agree to be Cam-
hrian, is a moot point. T believe that the Freda sandstone correl-
ates with the beds of Clinton Point, which Irving grouped with
the Cambrian. A full discussion of the grounds for and against
the Cambrian age of the Keweenawan must needs be technical, but
the writer is inclined to class the Keweenawan as Cambrian, and
this much at least of the argument anyone can appreciate, that
between the formation of the Freda sandstones and that of the
Upper Cambrian sandstones, which are similar to them, nothing
i positively known to have happened,—mno igneous activity for
mstance®

§8. SOURCE OF THI COPPER.

Much thought has been spent upon the question of the source
and distribution of the copper. After Pumpelly’s masterly work
on the copper bearing lodes,*® and the summaries given by Irving
and Wadsworth especially, little needed to be added for years.
Additional facts have been accumulated, however, and with the
erowing importance of the western deposits, there has appeared
a fendency to apply the same principles that have been used in
explaining them fo these and other similar deposits of native cop-
per and ascribe the copper to solutions rising through fissures from
beneath, charging the formation with its precious content. This
view has been especially rvepresented by Smyth and Van Hise.
Those connected with the Michigan Survey have never accepted this
view but have believed that the copper belonged to the Kewee-
nawan formation itself, and had been segregated therein by wan-
dering waters, which have been generally thought of as working
downward. .

This whole report is an assemblage of facts bearing on this prob-
lem. A few points may be grouped here.

1. The dissemination of copper in small quantities throughout
1he formation. The average from several thousand feet of drilling
at the Clark-Montreal was 0.02 per cent. Hardly a single amyg-
daloid fails to carry less than .02 per cent copper, and when the

*See also U. 8. Ceol. Survey Monograph 52, pp. 418-419, and p. 379. In thig
Monograph doubt is thrown on the Cambrian age of the Apostle Islands sandstones,
but my view as to their relation to the Freda is accepted.

Volume I of these reports; Volume IIT of the Wisconsin reports.
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9. The occurrence of native copper in sumilar formations of
red rock assoclated with salt waters aud lavas elsewhere,—notably
the New Jersey Triassie, in the Bolivian Puca sandstone, in Nova
Reotia, around Oberstein in the Nahe melaphyre region, and in
Alaska. -

3. The genecral absence of native copper ouiside the Kewee-
nawan, in the Lake Superior region, but—

4. Native copper has been found in iron ores (generally thought
to be formed by the action of downward working waters) in a
few places.'”

5. The water in the formation is of {hree kinds:

a. At and near the surface, soft and fresh with sodium in quan-
tities more than sufficient to combine with the chlorine.

b. At some distance (generally 500 to 2,000 feet, before it at-
tracts attention, unless especially sought), the chlorine is higher
and the water is charged with common salt. The line between the
two classes of waters is often quite sharp.

¢. At great depths a strong solution of caleium chloride con-
taining some copper.

6. The middle water (b) often contains more salt than it could
possibly have were it a mixture of a and c.

7. The lines between the different kinds of waters are not reg-
ular, yet the lowest water probably always comes within two or
three thousand feet.

8. The amygdaloids seem, other things being equal, to contain
rather stronger (more saline) water than the conglomerates.

9. An unequally heated solution corresponding in composition
to mine water (c) will precipitate copper on the same minerals,
prehnite, datolite, etc.,, on which it occurs in the mines, as
Fernekes has shown,

10. The traps contain combustible gases, as R. T. Chamberlin
has shown.

11. Certain beds are abnormally high in copper for many miles.

12.  Copper often replaces chlorite, and in the Calumet and
Hecla pebbles chlorite replaces felsite, and the copper the chlorite.

13. Copper may even replace vein quartz. )

14. Copper is formed generally after those minerals which are
the products of alteration and contain lime, and before those sec-
ondary minerals which are the products of alteration and contain
soda and potash.

15. Therefore at the time the copper formed the mine water

Report for 1903, p. 247.
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might have lost lime but could not have lost sodium. The rock
mieht have lost both.

16. The Calumet and Hecla lode averages less rich (very rich
in spots) near the surface, attains its greatest richness at a cer-
cain depth, say about 2,000 feet, and then gradually decreases in
richness.

17. The silver occurs more abundantly 'in the upper levels.

The conclusion to which these facts have forced me is that the
copper was in the Keweenawan formation as a whole, before being
introduced into the particular places where we find it, and that the
deposits have gathered together’® by migration of the particles
known as ions in the chloride solution, just as in the formation
of electrolytic copper in an electrolytic bath the copper goes toward
the electro negative pole and the more electro positive or alkaline
parts of the solution, and as in Fernekes’ experiments, toward the
liotter parts of the solution. That the copper should actually be pre-
cipitated as a metal, however, depends upon a delicate adjustment .
of the composition of the solution in which the affinities of iron for
oxygen may play an important part. For the copper to be precip-
ifnted the solution had to be kept neutral or alkaline and reducing
in the part where the precipitation took place. And in the accu-
mulation of copper into workable deposits not merely the elec-
{rolytic migration of the copper in the solution but the currents
and circulation of the solution of the water in the rock have to
he considered. In producing this solution and guiding its circula-
{ion, the following factors have to be considered:

(1.) The water originally contained in the lava.

(2.) That which early filled it whether it was buried on land
or beneath seas, which may have included condensed volcanic va-
pors containing copper chloride as in Stromboli, or in the evapo-
ration of desert pools.

{3.) The absorption of water in the hydration of the rocks.

(4.) The absorption of water in the cooling of the formation
(water in cooling shrinks more than rock).

{5.) Faults in the formation facilitating the intermingling of
solutions of different compositions.

(6.) Erosion of the formation and concentration of the copper
contained either in pools on the land surface or in the water which
found its way down into the rocks, while the deposition of the
Keweenawan as a land formation was going on.

(7.) 'The ordinary circulation of the water entering at the
higher parts and emerging in springs.

3Been segregated.
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Now, all of these may have had some influence. Most of them
must have had some. It may well be that the next great discovery
of copper will be one of a new type in which some factor so far
apparently unimportant becomes the dominant one.

As to the importance of these various factors, however, a few
words may be said, though reference must he made to the detailed
work. Absorption of water scems to me of first importance in the
accumulation of copper, round and round cireulation of less. To
suppose that the wide spread calcium chloride waters are always
volcanic is to suppose that the earth is everywhere sweating,—
a sweat salty with calcium chloride. But to {his theory there
are serious objections. Tt must remain unsafe then to say to just
what extent various sources participated in formation of the mine
waters. We may, however, look back to a {ime when the forma-
tion was filled with a water whose main acid was chlorine, but the
base was not sodium. This is the practically important thing.
Whether oceanic in origin or not these chloride waters are as uni-
versal as the oceanic when sufficient depth is attained, and though
they vary in strength for the same depth, I have not yet been
able to find signs that, other things being equal, there is more
chlorine near certain fissures or in certain districts. The reverse
of this, that there is sometimes less chlorine near fissures where
the circulation has obviously been free, is true. This may be used
as an argument against the introduction of {he chlorine from with-
out.*

In the accumulation of copper, and after soda may have replaced
lime in the mine water, an early occurrence of salt water of the
calcium chloride type does not appear especially favorable. In
the upper levels, however, where the water is fresh and there has
been a'good deal of circulation, the copper may be all washed out.

The distribution of the copper in a lode may perhaps be likened
to that of the maitfer on a slime table, bare at the center or top,
heavy in spots and streaks in the middle, more wniformly but
thinly scattered toward the lower and outward margin.

One thing is noteworthy in a number of cases—a tendency for
the copper to accumulate under heavy impervious beds, extending
perhaps in thin sheets up into the joints of the same,'” but even

*These waters are discussed in the TLake Superior Monograph 52 on p. 544. “In
deep underground waters there is essentially the same condition of stagnancy, and
therefore we suggest progressive accumulafion of soluble chlorine salts.” But in
spite of the stagnancy Van Hise and Leith see “no adequate reason for regarding
these waters as fossil sea waters.”

Copper under the Lake Shore traps, under Nonesuch shales, under Greenstone,
under Mabb ophite, ete.
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more in stringers into the foot as described by Wadsworth., In such
cases the heavy bed has evidently guided the circulation.

§0.  GASES.

Combustible gas has been found in mine waters, notably at Sil-
ver Islet, but also at the Calumet and Hecla. It was natural
1o attribute it to decaying timbers but that explanation seems ?10
longer necessary since R. T. Chamberlin has found that most' ig-
neous rocks vield about 1 or 2 times their volume of combustible
oas.2®  Such gas or the hydrocarbons or carbides, nitrides, and
:silico-chlorides (found by Brun to be normal constituents of
lavas) from which they might be derived® are powerful reducing
avents that might throw out the copper.

(Tllus Pumpelly’s explanation that ferrous salts precipitated the
copper though both possible and plausible, is not absolutely nec'e‘s-
sary. It may be original carbon which produced the calcite which
is the mineral most intimately associated with copper. One may
readily find crystals of Iceland spar (CaCoO,) intergrown with na-
tive copper whose virgin luster is thus beautifully preserved. Some-
times the crystal form of calcite (the “dog-tooth”—or other shape)
it plated with copper and the growth of calcite continued. Now
carbon dioxide is absent from the lower mine waters, though cal-
cite is present in the rocks and a certain amount of carbqn-dioxide
gas may be abstracted from them. It is easy then to suppose that
a slow oxidation of hydrocarbons and carbides originally in the
beds has furnished the carbonate, which formed slowly since it is
in large crystals, and reduced the copper. We are then not com-
pelied to look to the waters beneath the earth for the source of {he
copper.

§10. ALTERATIONS AND MINERALS PRODUCED THEREBY.

Pile up a series of heavy massive beds (fraps) and open porous
spongy ones (amygdaloids) like a layer cake, and then tilt the pile
and there can be but one result,—a slump and sliding of the upper
beds and a crushing of the open porous beds as shown in Figure 10,
until by a process of shattering, “brecciation” and filling up and
cementation of the porous beds with new minerals, they are made
of nearly the same specific gravity as the rest and strong enough
to stand the pressure. This is what has happened to the amyg-
daloids. Even the most casual visitor will be able to see in the

ﬂ]n(]udl;g—q sample from a deep core sent by us; “The Gases in Rocks,” published
by R. T. Chamberlin, pp. 20-24, 33, 34. s : =

20 Apother possibie rég’ct.on suggested in Chamberlin is: 6 FeCly + 3Ho0 = 2 Fe,Cl
+ Fesy -+ 3H,.
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mine dumps and at the stamp mills the soft white cleavable calcite,
the white or eolorless glassy hard quartz, ihe vellowish green epi-
dote. and the darker bluer greens of the chlorite (delessite) group,
and serpentine.  Prehnite. white with a faint greenish tinge, is a
common  associate of copper.  Lawmontite, reddish and readily
crumbling, is not <o favorable a sign of copper. Datolite, almost
like porcelain, often with beautiful flesh, and other tinges, is one
of tlie Jast minerals formed. Datolite is polished to form articles
of jewelry asx ave also chlorastrolite, thomsonite and agate. The
concentric banding of {he agates, which generally are large amyg-
dules, Is cut across in making jewelry, while the chlorastrolite and
thomsonite amygdules are polished round.

In general, laumontite, epidote, quartz and prehnite tend to

ig. 10. Illustrates the effect of slump in a series of traps and amygdaloids, the
amygdaloids being originally vesicular porous beds as thick as the traps but crushed
to a fraction of their original thickness, in which process the line CB takes the posi-
tion BD and the bed A sinks to A’
antedate the copper, calcite and analcite are about coeval, while
datolite and orthoclase are often later, but there is a good deal
of overlapping. Sulphates like barite and selenite are rare and
late comers and like the analcite and silver seem rather confined
to the upper levels. I am inclined to think too, that the
interesting sulphides and arsenides, the lead colored chalcocite,
the tin-white chloanthite, the pale reddish nickeliferous Mohawk
ite, and Keweenawite, are also relatively superficial.

One of the striking factors in the development of stamp mill
practice in the past 20 years is the introduction of the diagonal
sorting tables of the Wilfley, Overstrom and Deister pattern, and
a mnoticeable and beautiful feature in some of the mills is the
production of bands of different colored minerals arranged on
these tables according to specific gravity, Next to the.copper red
there may be a lead colored band of chalcocite present. The yel-
low-green band of epidote may next appear before we come to the
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du!l mavoon iron rust colors of the red clays and ground up
amvedaloid.

'!“ho amygdaloids sometimes have the original texture and round
Lubbles well preserved. Then again they are all brecciated, that
i«. broken up, the cementing material being calcite and epidote.
<ometimes epidote and quartz replace the whole rock almost sol-
illv.  Again there is much chlorite. Where great sliding (actual
wfmm Tas faken place the rock is reduced to a greasy red clay
called flucean which the miners used to wrap in a ball around
their candles for candlesticks. It is much more greasy feeling
than the red sand or dust that blew into or washed into cracks in
ihe lava and made what we call clasolites.

§11. SHEAR ZONES AND SHOOTS.

1f we bend a pile of paper and one part of the pile more than
the other, we shall find between the parts thus bent a belt where

f
*_/_/—'_:

Fig. 11, Illustrates gaping beds, or pile of cards when unequally bent.

the paper tends to gape apart (Fig. 11.) So in the uneven tilting
and slumping of the formation we find changes of dip and strike
and at times belts of traps which have been much fissured and
shattered, in which secondary action and at times copper forma-
tion has gone on, by no means confined to any one amygdaloid,
though normally, movement and readjustment would naturally
follow the weaker beds, the sandstones and amygdaloids. But if
there is a diagonal stress, neither at right angles nor parallel to
these beds, the resultant disturbance will follow the weaker beds
for some distance, then jump across through a heavier trap bed,
shattering it on the way, when the diagonal component of the
siress, not satisfied by yielding along the beds, becomes too great.
Thus a shear zone will be produced (Fig. 11), which would in many
cases have a tendency to gap open and leave places to be filled by
breccia and new deposits.

It is certain that some of the stresses to which the Kewee-
nawan rocks have been subjected, have had a diagonal direction.
We have noted a tendency of beds to be thrown to the right on the
northeast which corresponds to the general eastward curve of the
Point.  As illustrated, the Quincy mine is not confined to one
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amygdaloid. and the Baltic lode appears to be in a shear zone,—
the Lake perhaps also.
The Calummet and Hecla shoot is shown on Plate IX.

£12. STRFACE GEOLOGY AND DISTRIBUTION OF FLOAT COPPER.

After the close of the main up-tilting the copper range uplift
may have continued in a lesser way since beds of the age of the
Niagara Limestone are disturbed at Limestone mountain. There
was later some depression, since about the time the hardwoods
first became abundant a sandstone was formed in the Mesabi
range?* and the ocean may possibly have reached Michigan too,
though no trace of such sediments have yet been found. Probably
before this time the surface was reduced to a comparative level,
such as the plateau from the the Quincy to the Calumet, and some
time since the Cambrian sandstanes mantled the range (possibly
when emerging from the Cretaceous sea), rivers seem to have es-
tablished their course across the range, marking out valleys such
as those now occupied by the Ontonagon river, Fire Steel, Flint
Steel, and Portage Lake. These valleys may have been cut deeply
in the era of elevation preceding the recent ice age, which is
marked by the formation of caves such as the Osborn cave at Fi-
born and by the deep valleys in the rock surfaces, now filled with
drift, whose soles are at times helow sea level. At the same time
the minor tributaries in their erosion brought out the rock struc-
ture, generally leaving the harder traps in ridges. When thie ice
age came on, the earlier center of collection and distribution seems
to have been northwest of Lake Superior. It is called the Kee-
watin center. Later the ice moved from the east, from a center
in Labrador called the Laurentian center, and reaching Lake Su-
perior moved out from it. (Fig. 49.) Around Portage Lake the
ice actually moved to 10 degrees north of west. This direction of
ice motion is beautifully marked near the Calumet, Arcadian,
Quincy, and Isle Royale mines. One can see the stoss and lee sides
of the motion, the grooves and trails left by harder knobs. The
ice front, which was naturally perpetually oscillating, and the
direction of ice motion and {ransportation, streaming away from
the center of distribution and finishing at right angles to the front,
also shifted. Hence copper may be found either side of its parent
ledge, but that at the surface which is most likely to be found
was probably left by the last ice motion. Around Calumet and
Portage Lake the ice moved from the direction of Keweenaw Bay,

*Leith on the Mesabi Range, U. 8. G. &, Monograph 43, p. 189.
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and faymers plowing their fields near 1"01"t&g>e Can.al rea}) f;qll&lv@%:;
ol copper nuggets which may have come from the TFranklin an
Q”lj‘}:-:;.]‘\; somewhere about the Winona mine on the SO}lﬂ]; however,
ion wag from the other side. Yhere the motion was from
ihe cast and southeast over the eastern sandston.es the'surface
overhurden, or drift, is more sandy. The matema? which was
oroumd off the range itgelf by the ice is a much stiffer red clay
:\'ith «{ones in it. Great quantities of material were Wash.ed 01‘1t
( {he ice front by water from the melting ice and (?eposﬁed in
eots known as sand and gravel plains, irregular mixed masses
and high hills known as kames, and long narrow hogbacks,'known
as esk(‘;rs. Along lines where the ice front lingered some time the
deposits are extra heavy and are called moraine.s. ‘

Keweenaw Point and the Porcupine mountains were relatively
mﬂv laid bare and made cusps or reentrant angles in the ice
fmn'i'. At one stage of retreat Centennial heights, north of Calu-
met formed a reentrant (Plate 1X). Another hill of sand, theal
Kate (1508 feet A. T.), towers south of the Mill Mine Junction
and the village of South Range, and is easily recognized from ‘Fhe
hills either side of Portage Lake. It is part of a heavy morane
which extends entirely around Keweenaw Bay and for miles south
the drift is extra thick. Working through this coating which is
often of light quicksand, makes explorations and mining difficult,
and will retard mining development.

fu front of the ice sheet the water was ponded and drained
to the Mississippi. On the north side of the Porcupines the high-
st level of this water was 559 feet above Lake Superior. On the
souih side of the Porcupines it was higher, at least 34 feet above
fake Gogebic, or 720 above Lake Superior, or 1320 above tide.
Bul avound the Ontonagon Valley the beaches and benches at 565
teel sbove Lake Superior are much more strongly marked. The
corresponding level rises as one goes out on the point, being at
North Tamarack at least 640 feet above Lake Superior. Thence
downward are beaches at numerous different levels formed at sue-
cossively lower stages of the water. Down to 480 feet above Lake
Muperior (a strong beach, well-marked, where the electric road
crosses it in climbing a hill near the Quincy mine), the beaches are
referred to a Lake Duluth. Thence down to a little less than 100
feet above Take Superior, the level of the strong terrace on which
the College of Mines stands, the beaches are said to be of a Lake

the mot
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Algonquin,*® which covered all the upper lakes. It was drained
at different periods by various outlets, a part of the time by the
newly reopened Chicago outlet. .

Strong beaches below the Algonquin, 30 to 60 feet above the
lake,** are referred to a Lake Nipissing which had an outlet down
the Ottawa. Possibly the bluffs and terrace on which the Freda
stamp mills were placed were formed at this time. The Ottawa
outlet has been raised by tilting of the land and there is reason
to believe that this iz still going on so that the Michigan shore
is sinking as well as being cut back by Lake Superior. This is

very evident along the lake shore in the Porcupine mountain re-
gion.
>

23 rat A . - s i .
Shov];;evﬁﬁ(tet,D%%(taE?h report Michigan Academy of Science, 1910, Pig. 7. Fig. 2
*Leverett, loc. cit. Fig. 8.
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CHAPTER 1L

NOMENCLATURE AND CHEMICAL RELATIONS OF THE
KEWEENAWAN ROCKS.

§1. JIISTORICAL REVIEW OF NAMES APPLIED TO IGNEOUS ROCKS OF THE~
KEWEENAW SERIES.

I wish to express especially my obligation to a paper by A. N.
Winchell, published by permission of the Director of the U. 8. Ge-
ological Survey' which I understood would represent the usage of
the U. 8. Geological Survey in their Lake Superior Monograph.
Wherever 1 -differ it will generally be found to continue
the previous usage of the State Survey, and in this (my
final report probably) it seems well not to change without the best
reasons. Winchell has in view especially microscopic petrog-
raphy, and his study of usage goes back therefore only to the mi-
croscopic studies of Streng (1877). Since I have in mind more
the convenience of mining engineers and geologists in the field,
I will go back a little farther, to give more completely the use of
the terms.

Douglass Houghton in 1841 used the terms Trapp and range, and
distinguished the amygdaloid from the compact trap or greenstone,
which he defined as the compact granular variety made up of feld-
spar and hornblende, though he expressly stated? that under this
term, augitic and other rocks were included. As a matter of faet,
hornblende is rare in the Keweenawan rocks, and the mineral as-
sociated with the feldspar in the greenstone is generally chlorite
and augite.

W. A. Burt and B. Hubbard used Houghton’s terms, but since in
working for the U. 8. Linear Survey, under the contract with
Douglass Houghton, they had come upon the Mt. Houghton and
Porcupine Mountain felsite and quartz porphyries they called them
red trap and trap porphyry. In the Jackson report® in which the

‘Review of Nomenclature of Keweenawan Igneous Rocks, A. N. Winchell, Journal
9%5(2?710gy (Vol. XVI) 1908, No. 8, p. 765. See also U. S. G. 8. Monograph 52, pp.
< - .

*Memoir of Douglass Houghton, first State Geologist of Michigan” by Alvah
Bradish, 1889, p. 177.

*Report on the Geological and Mineralogical Survey of the Mineral Lands of the
U. 8. in the State of Michigan. Senate Docs., 1st sess. 81st Congress, 1849-50, No.
5, Pt. III, pp. 871-985.
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work of Burt. Hubbard. Jackson. and Foster and Whitney and
others is mingled, the main felsitic rock of the Porcupine moun-
tain is called jasper and the more coarsely porphyritic rocks south-
cast around Bergland quartzose porphyry. TFoster and Whitney
continue to refer to the Trap range. The greenstone was still con-
sidered to contain hornblende. WWhere columnar jointed and very
fine grained it was called basalt; when it contained distinetly dis-
seminated feldspar crystals porphyry (porphyrite as T should call
it), and the crystalline and feldspathic varieties (Mt. Bohemia
gabbro and gabbro ophite) are called sienite. They also mention
compact trap (ashbed or porphyrite?), trap breccia | amygdaloid
conglomerate?). porphyritic trap (like the Kearsarge foot?) and
epidote trap. In regard to the use of the term jasper, the compact
quartz or jasper is understood to pass into the quartz porphyry.

In Volume II they discuss the terms trap and greenstone—stat-
ing that most of the igneous rocks embraced in the term green-
stone are labradorite or oligoclase and pyroxene with chlorite and
thus the term diabase is applied to them by continental geologists.
Melaphyre they mention for the first time as “a fine grained com-
pound of labradorite and ilmenite and {probably) pyroxene.
Basalt is divided into

dolerite, crystalline aggregate of labradorite
augite and ilmenite,
anamesite, a fine grained mixture of the same.

They recognized the presence of augite, though it was still put
after the hornblende in importance and analyzed the Greenstone
{note the capital () from the summit of the cliff at the Cliff mine
as given below.

In 1850, Fr. C. L. Koch,* one of the founders of Saginaw, an
educated German mining engineer, visited the district and recog-
nized (p. 201) the dark mineral as augite, and determined the
trap to contain augite and labradorite with some magnetite ar
times and believe it to be properly called trap or, if the magnetite
was conspicuous, dolerite and the finer forms as anametite. No
progress was made on Koch for fifteen years. Rivot, professor in the
Ecole des Mines, at Paris® used the same terms, trap, amygdaloid,
grecnstone, and was rather inclined to believe the traps to be meta-
morphic sediments. A, Winchell, 1860-61, did no detailed work on
the T'rappose rocks. Thus the nomenclature of the first generation
of geologists and miners still in use, to which I cling so far as

‘Studien des Go6tt. Vereins Bergm. Freundé by Fr. C. L. Koch, Vol. VI. Parts 1
and 2 (1852).

5‘Voyage au Lac Supérieur,” by M. L.-E. Rivot, 1885 Annales des Mines Vol. VII,
p. 173 et seq.
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possible. may be said to be practri(yza'lly that of Dlouglass Hougpton,
I3ela Flubbard and TFoster and Whitney. XKoch’s work, published
in German, was and is yet largely unknown.

The next work in considerable detail on the Keweenawan rocks
wus that of Thomag MacFarlane (who had just passed away) for
the Canadian Survey in 1855.° He argued for the term melaphyre
and also used trap. He speaks of the upper part of the Illelapl}yre
as being amygdaloid. He made numerous analyses. -Some might
object that his partial analyses were not accurate and 1ih:91t he
m"cmsﬁmated the amount of chlorite. From the modern point of
view his analyses are certainly incomplete, but they still have dis-
tinct value as showing what parts of the rock were attacked by
acids, and have not been replaced. ILven supposing that he over-
estimated the chlorite, the rocks which he calls melaphyre are ex-
actly similar to those which around Oberstein and the region of
the Nahe river in Germany have been called melaphyre.

Moreover, the use of the term melaphyre was continued. H.
Credner, the eminent German geologist,” applied it to the rocks
associated with the Calumet and Hecla conglomerate.

Pumpelly, with whom Credner worked, and Marvine?® adopted
this term melaphyre (melaphyr) while they recognized that the
¢hlorite is produced from hornblende or pyroxeme. They distin-
guished the following varieties of melaphyre—an amygdaloid up-
}w:r part, a central coarse grained part; fine grained with rubel-
lan (altered olivine); and melaphyre porphyry. Marvine called
the Greenstone with the big “G” diorite, appreciating its coarse-
ness, but also confusing augite with hornblende? A. A. Julien,’
described rocks from the iron country, and incidentally some Ke-
weenawan dikes as Black Dioryte aphanite (355, 356). These same
Keweenawan dikes, C. A. Wichmann® called diabase recognizing
them as labradorite-augite rocks, but refusing to call them doler-
ite as Koch did, since he would limit that term to Tertiary rocks.
He recognized the quartz diabase. His was the first applicatiion
of the microscope to the examination of the rocks. Pumpelly in
1878 and 1880 continuing his work under the Wisconsin Survey,
followed Rosenbusch’s system and described many of the Eagle

o i sologi ' i a 1866,

*‘Exploration géologique du Canada, Report des Operations de 1863 a "
Am)endr;ce relatifgauxbRoches et Gites Cupriféres du Lac du Portage, chhll\f;lrll],. par
"hos. Macfarlane, pp. 153-169. Translated in Vol I Geological Survey of Michigan,
et Tahrbach fir Min., 1869 p. 3

"Néues Jahrbuch fiir Min., y P 3. N

8(ieol f Michigan Vol. I, Pt. II, Copper Bearing Rocks, pp. 12-13.

9)’I?c1-(<)>§gogic Exa‘rx%ination of Bleven Rocks from Ashland Co., Wis, Geology of
Wisconsin Vol. IIT, pp. 224-238.

10Geol Wisconsin Vol. IIY, pp. 621-627. .

“ézglgg§ (())g Wilsscor?sin Vol. III,’ Pt. II, pp. 27-49. Lithology of the Keweenawan

System.



54 KEWEENAW SERIES OF MICHIGAN.

river rocks, and suggested that the term melaphyre should be re-

placed by the term diabase, classing the rocks as follows:

I. Granular plagioclase-augite rocks: with olivine (chryso-

litic) diabase.

II. Porphyritic plagioclase-augite, with more or less unindi-
vidualized base: porphyritic diabase or, with olivine,
melaphyre,

III. Granular plagioclase-diallage rocks,~—gabbro.

He noted that of one great flow that I call ophile,— the Green-
stone—some specimens are diabase, some (as Bed 108) near the
base, melaphyre, others as (Beds 95 and 107) of the Eagle river
section, gahbro.

The luster mottled rocks he described as melaphyres, but did
not recognize the altered olivine in the Ashbed type of trap. This
is not to be wondered at, for it is rarely fresh and practically never
in superficial specimens, which were all he had. Pumpelly also
made a distinction between amygdaloid and pseudo-amygdaloid,
the latter being a variety of a rock resembling the amygdaloid in
its speckled appearance, but the result is one of alteration, not of
filling of original bubble cavities.

Irving also contributed to Volume ITI and found in addition to
melaphyre and diabase, quartz and granitic porphyry and felsitic
porphyry, which he was inclined to suspect were fragmental (bree-
ciated felsites). The gabbro of the Wisconsin Survey included a
gabbro proper, olivine gabbro, uralitic gabbro and orthoclage
bearing gabbro, the diabase, an ordinary prevalent fine grained
type with one or two coarse grained varieties, the Ashbed diabase
type, a pseudamygdaloidal and true amygdaloidal phase.

Mosler in 1877 followed the usage of Pumpelly. In his Mono-
graph V of the U. 8. Survey, Irving still following Rosenbusch’s
usage, makes the following classes (p. 87):

Coarse,—gabbro and diabase, olivine gabbro and olivine dia-
base, all free from orthoclase; orthoclase gabbro, hornblende gab-
bro, anorthite.

Fine—diabase of the ordinary type, olivinitic diabase and mela-
phyre, Ashbed diabase and diabase porphyrite amygdaloids.

The noteworthy difference shown in the work of the decade
1877-1887 as compared with the work from 1866-1877 is the more
frequent application of the term diabase instead of melaphyre.
Rominger, in Volume V of the Michigan reports, written in 1884,

Der Kupper Bergbau am Obern See in Nord Amerika von Chr. Mosler, Berlin, 1877.

B“The Copner bearing Rocks of Lake Superior” by Roland Duer Irving, U. 8. G.
S. Monograph V. :
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though not published until 1895, drops the term melaphyre a'nd
speaks of diabase and amygdaloid, quartz porphyry, and felsite.
Trving (loc. cit. p. 69) called nothing melaphyre unless there was
yosi(llinr,\' base (glass, calling them olivine gabbro, if coarse; olivin-
itic diabase, if fine.

Many rocks among the Ashbed diabases, that 1 would call oli-
\'iniﬁc. lie does not so count, taking the altered porphyritic oli-
vine to be altered augite perhaps. Herrick, Tight and Jones!'* fol-
towed Irving in referring to diabases, diabase porphyrites and fel-
site porphyry. Wadsworth in 1779' classified the basaltic rocks
as follows:

Feldspar Melaphyre  Tufa
Basalt -
Basalt Leucite Diabase
Dolerite Gabbro Poroda
Nephelite Peridotite

In 1880 he gave a characteristically thorough review of the lit-
erature of the Copper districts. He uses the term melaphyre very
{requently as a fariety of basalt, uses the term rhyolite for the more
siliceous, trachyte for the less siliceous felsites. He uses the term
molaphyre almost as Macfarlane and Marvine did. Its derivation
and application is the same, though he defines it as an altered
basalt, and uses it*® somewhat under protest.

In 1887'" he examined for the Minnesota Survey among others,
many Keweenawan rocks. He mentions the term ophite as a variety
of his basalts, which take the forms of gabbro, diabase, melaphyre
or diorite, according to alteration. Characteristic of Wadsworth is
the emphagis he laid upon secondary changes and the account
which he took of them in his nomenclature. Many things, for in-
stunce micropegmatite, that I should consider primary, he (and
Irving followed him), considered secondary. Yet I found as T
worked with him for two or three years that we would agree in a
great many cases in the application of names though disagree in
our conclusions and definitions. ,

Yet I agree that melaphyre may be essentially altered basalt. His
last formal work for the Michigan Survey was in 1893 where on

*Bull. of the Sci. Lab. of Denison University, Vol. II, Part 2 (Granville, 1887)
pp. 120-142,

*Tniv, Comp. Zool, Vol. V, p. 280.

*Proc. Boston Soc. N. H. Oct. 19, 1881, p. 259. . .

(ieological and Natural History Survey of Minnesota. Preliminary Description of
the Peridotytes, Gabbros, Diabases and Andesytes of Minnesota, Bull. No. 2, M. E.
Wadsworth,

*Report of the Board of Geological Survey.
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page 90 he gives a classfication of rocks and on page 147 uses the
term “clasolite” for a deposit of sediment in fissures, In 1897 he
gave for the Lake Ruperior meeting of the American Institute of
Mining Engineers a clear and interesting summary of his views
on the “Origin and mode of occurrence of the Lake Superior Cop-
per deposits,” which was printed in their Transactions. (XXVII,
6G69.)

Bayley® in 1889-97 describes the Minnesota gabbros in some de-
tail and also the Pigeon Point rocks. He found non-feldspathic
varieties of gabbro.

Grant in 1893 and 1894, describes, for the Minnesota Survey,
gabbro, diabase, granite and a marginal facies of gabbro. His aug-
ite soda granite is a red rock like Irving’s augite syenite and gran-
itells, or Bayley’s soda augite granite.2°

The work of Hubbard, Patton, and Lane began in Michigan in
1889-92. The first publication is in the 1892-3 report, though there
the only Keweenawan rocks described under our own names were
some diabases intrusive in the iron bearing rocks. We were fel-
low-students under Rosenbusch and have since worked in close re-
lation. We have tried to use terms as they are used by earlier
writers, and we have also tried to apply them so far as possible
to the same things. It does not bother the practical man who has
ouly incidental use for a geological report if a rock be called a
melaphyre, whether stress is laid upon the fact that it is pre-Ter-
tiary or effusive, or is older and contains chlorite and is altered,
so long as the hanging wall of his lode is in each case called a
melaphyre. We therefore continue to use the term melaphyre as

applied to many of the Keweenaw traps.2:

[ did, however, begin to use one term which is not new, nor as
I supposed new in the sense in which T used it, but is new in the

district, viz. the term ophite** as a short equivalent for luster mot-
tled melaphyre, applying it also to rocks which had the same tex-
ture as melaphyre, but on too fine a scale to give the luster mot-
tling appearance, and 1 prepared for Volume VI, a table showing
my usage.

To others of the traps, 1 applied geographic names in the Isle Roy-
ale report (p. 170) such as

Tobin porphyrite=Rosenbuseh’s navites?

Huginnin porphyrite=—(a kind of diabase porphyrite).

*Basic Massive Roecks of the T.ake Superior Region” by W. 8. Bayley, first three
parts in Journal of Geology, Vol. I, Nos. 5, 6, and 7, fourth part in Journal of Geology,
Vol. 1I, No. 8, and Vol. ITI, No. 1.

2Numerous papers listed in Bull. U. 8. G, 8., No. 188.

“Bull. Geol. Soe. Am. Vol. 8 (1896), p. 406 Vol. 10 (1
G. S Monog. 52, p. 398; and Science Vol. XXXII, p. 518

99) p. 15. See also U. S.
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in common other than the bare chemical factors by which they are
assigned to that group. All of this simply shows that the class-
ification is not perfect. Few things are. The authors, however,
suggest a series of names for field use which are convenient and
very much like those which it has been customary to use.

§2. WINCHELL'S CORRELATION.
Winchell, with a labor for which I am very grateful (as it cor-
rected some slips in an unpublished table which T had. prepared
for my own use), has calculated the pigeon-hole and the position
under the Quantitative Classification of a1} the rocks of which
we have trustworthy analyses, and has prepared a table of these
names, as well as of the older names.** It will, then, be well first
to go over his table I, slightly modified as herewith given
a  “Correlation of Nomenclature of Keweenawan igneous
rocks,” making some comments and comparisons. One thing must
be remarked which wil] account for a good deal of the variety.,
The same dike of lava or tie same lava flow mav differ very widely
in different parts and especially at different distances from the
margin, so that it will pe absolutely different in texture and quite
different in chemical composition in different parts. One great
difficulty has been in applying a name to a rock mass and then
trying to define the name afterwards. The characteristics of one
part will not apply to all parts of the rock. Tt seems to me, there-
Tore, permissible for the field zeologist to apply to a whole lava flow
a name which by strict definition will apply only to some large
part of it. If we do not do that we shall be driven to using some
arbitrary geographic or proper name or number. This indeed we
do to some extent and speak of the “Kearsarge foot,” Bed 87 of
the Eagle river section, Arcadian flow 23, ete.  But it seems to me
it iy a great help to comprehension and memory if we may also
speak of the Chippewa felsite, the Mabp oplite, ete., without mean-
ing thereby that the so-called Chippewaq felsite may not frequently
have more or less conspicuous phenocrysts and so be called more
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strictly a feldspar or quartz porphyry, or that the Mabb ophite
may not be, at the very top, a glassy amygdaloid.

Going over the roll of names cited by Winchell we find that
his use of the term Granite is agreed on by all. His use of the
term Quariz porphyry is agreed to by all but A. N. Winchell, who 1
would substitute rhyolite porphyry. The term rhyolite has not ;
heretofore been applied to these rocks, though they are chemically

JR— . 6. . y 1904, p. 153.
; “Journal of Geology VIII, No. 1'1,pPart 1T, pp. 72-3; Report for

102y, Nov.Pes Gare T ——— . o “Report for 1908, p. 23(?2&12%%“7
24Journal of Geology, Nov.-Dec., 1908, Vol. XVI, No. 8. Monog. 52, p. 400. Report for 1908, pp.
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