905 KEWEENAW SERIES OF MICHIGAN.

time to save it, and finally it was hidden in the woods just east of
where the Mining School now stands.  Mr. Mabhs and his brother
had in each case handled the oil themselves, They finally Joaded
It into a yawl hoat and started with it for Marquette, which place
they reached in safety after a narrow escape from being lost in g
storm on the lake. They got permission 1o 1ry 1t on some of the
hard heads in the iron mines. and woere so suceessful that they had
no trouble in closing out their stock and the use of this material
was continued there to a limited extent until the present method
of making it was adopted, when its use became immediately gen-
eral.”  (Pope.)

Larly in the fall of 1864 a discovery was made in the woods
thirteen miles north of Portage Lake. At that time therve were
no niines near there and no settlement to induce any search. It
was here on Sept. 17, 1864, that EKdwin .J. Hulbert first located the
famous Calumet conglomerate. Hulber! was 2 survevor, and duar-
ing the summer of 1858 he noted a violent deflection of the needle
on Section 23, Township 56 North, Range 32 West. This put him
on the alert and he carefully noticed signs for mineral discovery.
He soon found pieces of conglomerate containing copper but dif-
ferent from any other conglomerate by being breceiated. Tater he
discovered a big block of it that was covered with moss and a de-
pression which he took fo be an ancient pit. With these for aids
he after careful and diligent exploration discovered the famous
belt. At his suggestion Section 13 was bought and the Calumet
Mining Company formed. Later the Hecla Mining Company was
tormed and Section 23 bought,

One peculiar fact is that the only place where the Calumet con-
glomerate held a paying amount of copper was bought by Hulbert’s
advice. Companies were formed to work the extensions of it both
to the north and south but were unsuccesstul. - Another peculiarity
is that this conglomerate is the only one that can be considered of
value. It is true that the Allouez and Albany and Boston have
worked on the Allouez conglomerate but their success is not very
noteworthy. The Tamarack is now working the Calumet and
Hecla but cannot be considered as working another part of this
belt.

As most people know the Calumet and Heela soon established it
gelf as the largest and richest of any mine in the world. In 1872
it produced 8747 tons of refined copper and during that time paid
$2,800,000 in cash dividends. Is it a wonder, when a mine in its
seventh year pays dividends greater than its apital, that the
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copper country should become famous and dm\\: largely on Lastern
capital?  As one writer says: “First in the history 1.)1" the copper
country of Lake Superior, fissure veins, charged with enormous
l‘na;\:se;\; of metallic eopper. had to gain favor; next stamp lodes had
to fight their way into popular estimation. and Iastly, the con-
glomerate belts astonished the scientiic world.” .
 The vear of 1873 can be considered the elose of a second epoch in
the his"lm:_v of the copper country. During the first period we hflVe
the growth of the mines of Keweenaw and Ontonagon .(,‘ountles,
Then the mining industry began to fill in the inTer\'emng space
forming the Portage Lake districr. During our second period \\"e
have the growth of this intervening country until it is on a solid
footing. In our third period the amygdaloid mines of Houghton
4,501111{{' become the chief source of copper while the mines of its
neighbors begin their decline. At our present day ‘ﬂne amygda-
loidal deposits are being found farther north and farther ’south
and following closely upon it are the Portage Lake mining methods.
With these changes, Keweenaw and Ontonagon counties once more
become the undeveloped regions of the copper country.

By this time the explorer was a man of many accomplishments.
ile ;vns well versed in wooderaft, knew something of the geology of
the country, has studied the working mines and if necessary could
do some Slli‘\'eyillg. Usually his attention was first (falleq to float
copper. This float had been torn from the lode an'd (‘-arrwq ah?ng
by the glaciers. Upon finding this he would fu-rn in th‘e’ d)r(}(:ﬁu)ﬁ
f;‘w)m which the glaciers came attempling to discover if the float
became more frequent. If such were the case he kept on until he
eame to a line bevond which there was no float. At this point he
directed his men to trench across the formation or rather at right
angles to the strike of the lode. After the lode was fmmd: pits
wr,;re sunk on the Jongitudinal conrse of the lode to sufficiently
prove its value. At this time it was believed that lodes which did
not show at snrface sufficient percentage for regular mining, woul.d
not pay farther down. During the last few years, however, this
idea has been abandoned. In many mines paying shoots of copper
are not found wmtil a depth of a thousand feet or mors is reached.

If. however the pits did prove encouraging one or two shafts
were sunk to a depth of about one hundred feet. This depth, how-
ever, was not fixed, the deciding point being whether the ground
were solid enonglh to allow drifting on the lode. This drift was then
ran in a horizontal direction along the lode and if two shafts were
sunk the one from the ofher shaft nmeeting this one connected these




910 KEWEENAW SERIES OF MICHIGAN.

shafts,  As these shafts are usually from three to tifteen Lundred
feer’ apart a good-ized block of copper ground was thus exposed
on I(»u.r sides and if sufficiently rich a pehnanem plant for zl‘ninkirl;ﬂ’
operations was erected. i

'Be.sides this merhod of exploring the diamond drill was be-
gimning to come into favor. This helped not only in ](;ozltiﬁ;'
copper deposits when hidden by the drift bur \\'he'n f(mnd» werz
(')f some importance in proving the value of the ](»d@. This '»roof:
i used only for deciding whether it will pay to further exp‘}u}re b
sinking and drifting on the lode. The Qlﬁ'nm was beo;nnirn(; {Z
use the drill for wderground exploration in' their 111;11e. ;Iere
the vopper occurred in seattered paving sheets hut which would
not pay to work if it were necessary to break down all the rock in
order to find then. o

The compass and dip needle were and are not as a rule used
though it can be seen by velerving to the discoverv of the ("ztlumety
conglomerate that it is of some use. There is cerrlﬁn]v a ;1e;f1<)cti()1)
in the vicinity of the richer copper belts, ( '

In .ﬂw ('()1’{;{10111(*1':11’9 and amygdaloidal mines the shafts were
sunk in thf» copper bearing rock. The number of shafts depended
upon the size of the mine and the length of the lode which lies on
ﬂ.leil‘ property. They varied in size. but 10x14 feet was an a’ve1;aﬂ'e
s?ze. They were cribbed from surface to solid rock with squa?e\
timbers and planks and were divided into two or more cmﬁpaft-
ments.  One compartmnent was used for hoisting, :morhd for a
ladder way and a third for pipes and pumps. These shafts Wel'(e'
continued down on the lode to any depth which might Sh()\\; ;-( per
values in paying quantities. B e

Levels were laid off from the shafts at convenient distances
ranging from sixty to one hundred and twenty-five f‘eeT.\ The;(:
levels were usnally six feet high and four feet' wide and ran 1n
almost horizontally connecting all the shafts. A slight erade was
made rising away from the shaft so that all the \\211'@; could b;
conveyed to sumps near the shafts. These mines, however. were
not wet and a small pump working but part of ‘the time .W()ll]d
take care of all the water.

. Beh.veen the shafts, for the purpose of ventilation and conven-
1en(‘e'z in .stoping. minor shalts or winzes were opened up. Thus a
fongitudinal map of the main workings of a copper mine could be
compared to a map of a city plat, the shafts and drifis be];n(r th&;
streets while the winzes would represent the allevs. These ZOHG
blocks of veinstone thus laid off were, if the wlmle‘]nde \\'er-;; \\;01’-](»
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able. taken out except for pillars of rock left to support the hang-
ing wall and keep the mines from caving. Heavy shaft pillars had
to be left and companies who did remove these were always con-
fropted with a constant and increasing expense.

The method of working was overhand stoping. being done either
by hand or by compressed air drills. At this time. however, the
air drills were not in great favor as they were very heavy and much
fime was lost in setting them up and moving them. “No attempt is
usually made to fill up the space left by what is taken ount of the
mine. wnless the material is close at hand. Tn the bed called the
sAghibed. at the Copper Falls mine. inunense chambers. seventy-
five feet square have been left withont any support of any kind.
Phe roof is very firm and has stood for many vears. but there is no
excuse for such methods. for eventually the roof must vield.

There must come a time when wooden props will erush. and then
the future of the mine will be compromised, even supposing the
chaft or level is kept in order. If a timber be replaced. it must
be every time shorter, as the roof descends the surface water is let
in, and constant expense of repairs necessary, as witness some of
the first levels of the Calumet & Hecla. After a certain time the
openings will be either too low to work in, or the roof must be
taken out. a hazardous and expensive operation in yvielding ground.
1f the proper pillars had been left, the workings would have re-
mained good for years.

Each company is obliged to own woodland and to select the best
of their wood for supports or. as is the case of the Calumet, go
long distances, and raft their wood. The method is otherwise bad,
as when the ground begins to crack. the superficial waters must
come in.

In lookir
any support of any kind, one has
lest the roof should cave. The solidity of the ground is remark-
The immense amount of rock

1g at the vast chambers in many of the mines without
an involuntary feeling of dread

able, but it must one day give way.
which has been thrown on the burrows suggests the advisability of
filling the old workings of the mine with it and this has some-
times been done in a limited way. If it had been adopted as the
policy at the connnencement of mining operations, much would
have been saved by it.” (Eggleston in 1877.)

The rock was picked as much as possible in the mines. the poor
rock being left there, and the rest sent to surface. In dumping the
rock into the skip, the skip was usually supported upon a beam of
wood thrown across the track. Thus the strain of “dumping on
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the rope” is eliminated. When filled a signal would be given for
hoisting and ax soon as the skip reached surface another man would
give signals informing the engineer when the skip had approached
the damp and when dumped.  Rome skill was required at this
position as any failure on his part might canse the skip to be
pulled to the top where it would he xaught while the rope was
pulled in two.

Skips were made of half inch rolled jron and would hold from
one to two tons but these small skips ave now used only for explora-
tion work. Many of the present mines use skips holding as mueh
as eight tons of rocks.

The cables which were used for Loisting the skips were of iron
or steel.  In order to lessen friction and to prevent corroding they
were greased with coal tar. “As this substance is always acid
from the process of refining the petroleum, this greasing often does
more harm than good. as it corvodes the strands and weakens the
rope. It would be very easv fo saturate the acid, by adding lime
and boiling before using as is done in Pennsylvania, but it is not
generally done.” (Lggleston.)

The drum of the hoisting engine was so arranged by means of
marks on it and by a tell-tale dial that the engineer could tell the
position of the skip. The velocity was regulated by a strap brake
passing around the revolving dram. It was attached to a very long
lever of wood upon which the engineer would sit, bearing more or
less of his weight,

The present dumping arrangement is the same as was then used.
The front wheels were allowed to drop in between the rails while
the back ones being wider were carried up the incline. The con-
tents were in this manner dumped onfo the grizzlies, the finer
pieces falling through while the larger pieces slid into the rock
house. These large pieces were usually broken by large sledges
but the Calumet and Heela had installed a steam hammer., This
broken rock was then loaded into a tram car and sent to the rock
house.  One rock house had to answer for a number of shafts, being
connected to them by means of an elevated tramway known as the
Frue Automatic tramway. The product was then crushed by
Blake rock crushers, just as large in size as is in use at present,
and stored in bins,

At regular intervals this rock was sent to the stamp mill usuvally
located on the nearest lake. The abundance of water is of great
importance. The mass mines were no longer the paying ones and
were it not for the fact that the finer particles were readily re-
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covered, Keweenaw peninsula would not long have remained a
mining region.

At these mills the rock was thrown into the hoppers of the steam
stamps. . Unlike the present steam stamp these were on spring tim-
bers and a foundation of wood. These stamps were nothing more
than steam hammers but the stroke was made regular by having
the valves to the steam cylinder operated by an independent en-
gine. This engine was also used to run the washing machines,
latlies. ete. A stamp with a twelve inch evlinder making 80 strokes
per minute could stamp 120 tons of rock per day with a boiler pres-
sure of X7 pounds.

The next machine to inferest us is the Collum Jig. Here the
crushed rock is separated from the copper.  The crushed rock
mixed with a large amount of water spreads itself evenly upon a
wire screen, through which a pulsating stream of water flows. The
object of the pulsations is to keep the particles in motion thus
allowing the heavier particles to settle to the bottom and the
lighter ones to colleet on top. Those pieces heavy enough to over-
come the upward current of water and small enough to pass
through the screen fall into a cateh box below. The lighter parti-
cles are gradually worked off as fresh ore is being constantly
added. This machine makes three products; hutel, ore that which
falls through the screen, being largely copper, those heavy pieces,
mainly copper, that stay on the screen and the tails, which pass
over the end of the screen and go to the waste launder.

The slimes which are made hy crushing the rock are treated on
the Evans Slime tables. This consists of a flat cone having a
slope of one in twenty-five, upon which the slimes are deposited.
This table revolves and the slimes being deposited upon the table,
the water runs down and off the table going to waste. The heavy
particles which remain on the table are washed off into a box.
These heads are later keeved and a certain percentage of copper
removed from them. )

In some of the mills the heads, instead of being keeved are

treated upon a precussion table. This table was the forerunner of
the Wilfley table and operates very similarly.
- At this time the tailings from the mill were run to a tail house
where the No. 5 copper was recovered. These tail houses hardly
paid for their maintenance. While some copper was recovered it
took over fifty operations, most of which were manual, to get it.
Their main use was to act to some degree as a check on the work-
ing of the mills. They were soon abandoned.
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“The difficuity of the
there is an abundance of it nor
skillfully done. hur in
from washers vielding
the winter of 187.’)-4;.‘

- mining. for. in general ir is
dressing.  The following assavs of tailings
s B .7.)') " 4 . V o
1]}“ different grades of copper. I made in
The samples w [ ‘ ol

‘ > s s were taken from a mi -

o , g il whase
ore vielded less than two per cent ( e

(“]\ “()1 \U\ I](l O COPNeT . .)[ 31 S
‘ s a P 2
)(i N ]I(...‘. P ) wer cent.

'Tzl.i]s from Nox. 2, 3 and 4 copper. ...  1.210 “
lu%]s from Nos. 3 and 4 copper..... 1.030 <
Tails from Nos. 5 copper... ... .. A | 3%10 +

:\I}lﬂl of this copper is attaclied to small pieces of rock and is
.C:ll'l']ed fo with it.  This has led to re-stamping the tailg | q"(?m .
m the Calumet and Heclas this produces M'lt;er ];i("(] ‘r e
]z\?:e loss in float eopper.” wggleston.) .

MITie thic Fie P ; i
mi.“;n;;lhe(‘(;:; T(;]el‘l;]?;:f]le(:](}.uj,]qSi\:?}-ﬁpfnent.jn- the mines and stamp
mineral. The firgt aﬁem}‘& 1'(()l<11‘1]0\11tn§0]’}»1§1(4(f 'm ;(lhe e b e
ended in .failure. Up to 1850 all the co;;er \i'r:lls ;ilgl(;'zgeiln (ﬁl(lf‘;[]?y
and Bim'-nnm-e. The masses were a new proposition to the «15(3’[25
A;H refining furnaces had small side door openings fﬂf 1‘]ie ('i}ﬂl'“inf;
(’)f/ the copper ore. At the Baltimore works a ];n’-ﬂ"e side (140(:1" h\x t
made and massex were dragged into the furnace b? (‘i’mini Has aff
through a door opposite and fastened to a \\'indlas‘é '1(‘11@'71"])): Klsmb?
such a method of charging was serious damage ‘r(y'the flll"l]ﬁ'::éf "
&'l.‘he f;}m(mg “Lake Brand” of copper \'asrorigilm’red 1'11( 1§S(¢
:EijF. (xf:illr.’t()g‘ef'll(el' ‘.Virh some prass companies in \an‘erbury:
’1,.1}71.. organized the Waterbury and Detroit Copper Co. Their
;).; (»]f((’(lte \:7;\: T(l,]giﬁf 2’1 hbmnd uf{mpper on which they could depend.

i 1is .0‘1 wer brands of eopper were not even in quality and
equal to their requnirements. With this in view the Detroit : “(‘I*'
were I’)Iﬁlt in 1850 and Mr. James R. Cooper wasi‘mf jl; chlf :)‘)01 *

In 1860 the Portage Lake Smelting works were b‘uilt 'nluI?'("l y
and they began refining copper in 15;61. The (j:&lumei‘ ‘llnd }11’1) ?
sept their prod.nct heve. In 1867 these works were é(»llsolid:t(::ez
2 éﬁllpili I)e?ﬁ;}i \;‘;»ﬂ{.ﬁ 1& 1he I)?,troit and Lake Superior Copper

upany. - Thus 1e position of Lake Copper has been main-
tained,—not so much to the superior character of the co * but
to the purity due to the care in refining. prer o

ails. and a

few vears later +1 ; :
RnAH ew L\ef‘us later than this the various mines erected their own
elters. The initiative was taken by the Calumet and Hecla in

region does not lie in the want of copper for
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1886, Rolling mills had been erected by IX77 and copper wire and
cheets were manufactured in the copper country. This manu-
facturing has been kept mp to some extent ever since.

We might consider that the vear of 1894 ¢loses another chapter
in this history. At this time all the mines in Ontonagon County
were closed and but one mine, the Central. was in operation in -
Keweenaw County.  Copper at this time was selling at ten cents
a ponnd and the country was demoralized. People in Ontonagon
County were devoting their time to farming while Keweenaw was
practically deserted.

Thus mining was concentrated to Houghton County. The Mar-
quette. Honghton and Ontonagon R. R. had laid an extension from
L'Anse to Houghton. Thus the copper counfry was no longer
isolated during the close of navigation. The Mineral Range had
connected Calumet with Houghton before this. At the time of writ-
ing this article the Copper Range Railroad follows the trap range
very closely and runs from Calumet through Lake Linden and
Houghton to Mass City where it connects with the Chicago, Mil-
waukee & &t. Paul Railroad. A railroad, the Keweenaw Central,
runs from Calumet. along the range to Lac La Belle. Thus Hough-
ton County is connected with both Ontonagon and Keweenaw.
Houghton and Hancock arve the harbors for the county. All sup-
plies ave distributed from here and most all products of the two
counties are shipped here. With these two roads as feeders the
copper producing district is once more extending into the two
counties. This time. however, the mass veins ave no longer looked
for. The amygdaloidal lodes now attract the attention of the ex-
plorers. '

Two lodes of great value have been found. These are the Kear-
sarge and Baltic lodes. While the Kearsarge lode dates back to
1880 it produced in a poor manner and only two mines operated on
it. These were the Kearsarge and Wolverine. Tn 1898 the value
of the Jode was recognized and it now has more producing mines

operating on it than any other. Including prospects there are the
Gratiot, Mohawk, Ahmeek, Allouez, North Kearsarge, Wolverine,
South Kearsarge, Centennial, Calumet & Hecla, La Salle and Cald-
well,

The Baltic lode was first discovered in 1883 and a mninety-foot
shaft started on the lode. The lode had a dip of 72° being steeper
than any known. This original shaft was sunk on an inclination of
55° and soon ran out of the lode. Disheartened by this, work was

C

dropped and not opened until 1893. With the boom of copper then
53
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on the interest wasx revived and work was started. Within a short
time its value was recognized and many other mines commenced
work on it. Among these were the Champion and Tri-Mountain.
The Globe south of the Champion has locared it bhut it is 250 feet
under the glacial dvifr. In order 1o get to it a drop shaft has heen
started.  Up 1o date this has not been completed. (1906,

Mining in the copper country is no longer looked upon as a ven-
ture but is considered more ax a business,  Changes have taken
place and new factors now enter iuto mining. There is a constant
attempt to cheapen the cost of the product. The coxt of production
has dropped from fifteen and sixteen centx a pound in 1875 to six
and seven cents at the present writing. If a person who has not
been in any of these copper mines for the last thirty vears, were to
go underground in them now he would sce greatr changes and vast
improvements.  New factors arve now to be considered. One no
longer thinks of discovering huge muasses.  The compressed air
drill has almost entirely replaced “single™ or “double jacking.”
“The drill is no longer so heavy as to cause trouble in removing.
Two men can easily handle a drill and a hole can be punched into
the rock very rapidly. Latelv a hand drill has been devised so that
all “block holing” is done by machines. Powder has been veplaced
by dynamite. Much of this is made in the copper country. Vari-
ous strengths are used. Thirty-five and forty per cent “powder”
is used for stoping, while fifty to sixty-five per cent “powder” ig
used in drifts, shafts, and for blowing loose small pieces of mass,
No large masses are found—two or three tons being the limit.

The next change is in the depth of the mines. A shaft 2,000 feet
long is not unusual but a very common occurrence. No. 4 Calumet
occupies the position of being the deepest inclined shaft in the
world. Measured from its collar to its lowest level it is 8,100 feet.
From this level a winze is driven 190 feet farther to the extreme
end of the Calumet and Hecla property. They have also sunk one
vertical shaft, the Red Jacket, which is down to a depth of 4,920
feet.

At this point the story of the Tamarack will be of interest.
They owned land to the west of the Calumei and Heela. The apex
Iaw does not apply to Michigan. In buying land or mineral rvights
you are entitled to all the mineral directly beneath the surtace en-
closed by the boundaries set forth in the deed. They realized that
on their property were the Allouez conglomerate, the Calumet con-
glomerate and the Osceola amygdaloid. The last two had proven
paying lodes and the former had given promises of being rich at
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some point.  None of these lodes onteropped on their property. so
in order to work them it was necessary to intersect them by vertica
shafts.

They hit upon this plan and starred No. 1 shaft as far to the east
as wax possible in order to strike these lodes the least distance
from smrface. They expected to cut the Alouez at 300 feetr and the
Calumet conglomerate at a depth of 2.000 feet from surface. That
they were suceessful is putting it mildly.  The Calumet conglomer-
ate proved of high guality. Now they have five vertical shafts, one
of which is the deepest in the world—XNo. 3 being bottomed at
5.229 feet, only 51 feet short of being a mile, below surface.

It was necessary for the Tamarack to use the vertical shaft.
Other companies having copper bearing lodex on their property but
not having the outerop have adopted similar or different schemes,
depending upon the cirenmstances. The Allovez does not carry any
portion of the outerop of the Kearsarge lode. Going as near as con-
venient to their eastern boundary they proceeded to sink a shaft at
an angle of eighty degrees from the horizontal until the lode was
encountered at a depth of 1390 feet. At this point. by using a
curve seventy-five feet long the shaft was flattened to the plane of
the lode which is 3814 degrees. The steeper portion of the shaft
is provided with back runners to prevent the skip from jumping
the track. So smoothly does the skip travel that these runners arve
-arely called into use.

Still another scheme was adopted at the Centennial.  They
owned the N. W. 1/ of N. W, 34 of Section 18, T. 56 N., R. 32 W,
and Section 12, T. 56 N., R. 33 W. The Kearsarge lode outcropped
on their forty of Section 18 but being but 860 feet from the corner
was not enough to make a mine. At this corner their part of the
lode was squeezed to a point since the Calumet and Hecla owned
the property to the south and the South Kearsarge fo the north.
They, however, bought a small strip of land from the South Kear-
sarge Mine and thus managed to get a width of 260 feet along the
lode at this point. Two shafts were sunk from the outcrop through
this narrow point. No. 1 shaft is straight and was sunk along the
dip of the lode. No. 2 shaft, after passing the narrow point turned
a little to the north and runs away from No. 1 shatt. This twist
has caused the shaft to be likened to a cork screw.

Other factors for consideration are the disadvantages of using
timber to support excavations and lining shafts. The copper
country today is almost barren of big timbers. They have been
used underground and in building construction. With this scarcity
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comes the increase in price.  Another objection is that it will not
support an excavation for any length of time. The pressure in the
deep minex is enormous.  Assuming rock to weigh one hundred and
fiftry pounds per cubic foot we find that at a depth of 4000 fect
there ix a pressure of GO0LOOO pounds per square foot. I’lacing
timbers far enough apart to allow room for working., what chance
have they with such pressures? A common sight underground is to
see timbers as much as two feet in diameter broken in two as one
would break a twig. Another fault. and not by any means the
feast, is that wood is not fireproof. Some of our mines have been
closed for long periods on this account. A fire broke out in the
Tamarack on January 11. 1906, and burned in No. 1 shaft until
August 1907, No. 2 shaft resumed operations a little over a year
after the fire began.

Not only is the timber incapable of holding open the enormous
workings of these mines but so is evervthing else. Pillars of rock
left standing in the mines crushed within a certain time. Today
the Atlantic is a wreck because the pillars would not support it.
Thus the methods of mining have had to change. No longer do
they expect large excavations to remain open. Neither can they
allow a stope to remain idle any length of time. The mine must
be worked steadily and the rock taken out while there is time.
Typical methods of mining are to be described so as to illustrate
these principles.

Unique in its conservative and economical methods stands the
Wolverine. Here the dip is flat—being about 40°—so0 that the
miners stand and set their machines on the foot wall. When the
rock is broken, most of it rolls down the slope to the level. The
roof is strong and no timber is used in the mine. Some pillars are
left while men are working, but they are eventually taken out.
Thus everything is removed except shaft pillars, leaving a large
open stope. Without any support the roof in time falls and the
opening becomes closed. _

Next in" order comes the method in use at the Calumet and
Hecla mines. Here the slope is not much steeper than at the Wol-
verine, but the rock scales off and large slabs are liable to fall at
any time from the hanging wall. This means that timbering must
be used. The lode here averages a width greater than in most
amygdaloid mines. To reach from foot to hanging would require
long timbers of the finest kind. This being too expensive the square
set timbering has been adopted.

In opening up the ground preparatory to working, a drift is run
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in from the shaft alf way to the other shaft. This distance in one
case was six hundred and seventy-five feet. At the end of the drift
a rajse was started to run up to the next level. Two blocks three
hundred feet Jong ave then marked off and a pillar seventy-tive feet
thick is left to support the shaft. The block farthest from the
shaft ix then removed. As the work advances the timbermen fol-
low them up so as to make the place safe for the workmen. When
the first block is removed. the second block is attacked and the space
left by the first block is allowed to fill by the crushing of the roof.
These workings hold open but a short time.  All the expengive fim-
ber simply serves for a short time. The two blocks ave hardly re-
moved before the whole stope begins to settle. The shaft pillar
will only be removed when the shaft has reached the end of its use-
fulness. Then they will begin from the bottom fo withdraw these

" pillars.

Great care is taken to prevent fives. Tire doors are erected in
the drifts in the shaft pillar which can be readily closed. The tim-
bers are all treated with a coating of c¢hloride of zine and then
whitewashed.

In the Tamarack heavy stull timbers are used to support the
hanging. Here also the timberman must follow closely upon the
miners. “The copper bearing rock of the vein is all mined outf as
they go for the reason that the life of the timber is little more than
a vear, and it will not do to leave ground untouched too long after
it is opened. They clean out the levels as they go downward letting
the hanging come in as it will. The timbermen do much of the
barring of loose ground in the hanging and aet a very important
part in the underground work.”

The Atlantic was opened on an amygdaloid having a dip of 54°
and an average thickness of fifteen feet. The copper is very evenly
distributed. There is no selection of rock and almost all can be
considered good stoping ground. In thisx mine work is entirely done
by contract. The plan of working is as follows: Leaving a suit-
able shaft pillar, the ground is divided in 100 foot blocks and is let
for those lengths. These contracts include drifting and stoping.
Tirst they cut out the drift, putting in heavy stulls, about twenty
inches in diameter, to support the hanging and give a safe tram-
way. Lagging is then put on these stulls and the broken rock al-
Jowed to pile back of these. The miners getting on top of these
timbers break away the rock. It accumulates on this lagging and
the men stand oun the broken product. This stoping is continued
to within ten or fifteen feet of the level above. When a level on
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('vnc side of a shaft has been cut out. thev begin 1o draw off the or
frome the farthest end and work hack rkowa‘r(k til ) \] *’f(') » 1’ ; UI"C'
way they get onr all the rock. T
. One ‘.'f the Tatest merhods adopted and hence one of the most
}flﬁ,}l‘()sﬂl@' is the “Baltic Method” now in use at the B-utiznhii
I1~'1~.\I<‘>umf\in and at the Champion mines. Here 1"11(; ]6(10( a JL Tle
Hm'r.?' Jig(*r in width and in some places is \\'iéh*i’. 'l‘he (ii(';‘ L;df‘.]ei
?ud(; I 727 Thus it can be seen that no ordinary 1110‘»(110(/1 '011 t}'(;lT R
ing conld be emploved. If overhand Sl()])ill"”'is ﬁéed som tI; ?U(;
mnst he had for the miners 1o stand on in 4'»127(101’- TO‘ l"e()" 'C“lmh
the back of the ore. A e elose o
. The (-uppo-r ix in pockets, being very rich in some places and lean
1’11 others. Some large masses have been taken from this 10(‘1 Tlt' >
fﬂ‘(:t‘ has led to underground sorvine and to ﬁl]iliw 4the He.‘ ‘n%
with the waste rock, The stoping S(lel'ls 1'i£lll‘ \\‘it; the ](-;(' ;T(’I'(;\
and is cut out the full width of the lode. \\'i‘rh the w'x;te \1(0»(1“:1(;f
eelz v R 3 / .. ) .
g»ju k ,“ alls are lm.ﬂt S0 as to keep open a place for tramminge. Thill
?s covered over with heavy timbers and lagging and the \V"l:‘(e : l
is thrown around the walls and on top OLf thz la()'(riil()' ll‘l QIOIC\
old stopes are kept filled with the waste rock. Inh(?rd;; to (liu “?
of‘t‘he copper rock a mill is carried up at regular intervals frol:pyl‘SL
drift and down this the copper rock is thrown. It is note 'n" 1le
thm" even these chutes or mills are built of pack walls Om"'mt o
the inclination of the lode it is necessary to have bofh :(ilG (1‘1"‘115’1]8:r m
‘fh?mmill built on the foot wall side of' the lode. e it and
H S{Or 1113 1% (| 2 NV 0 Q 3 g ]
, | A : > seen but if the hand is
?ubbed gently over the surface of the rock the presence of ser
is readily detected by the prickliness of the shar | los ot
- sharp particles of
“71111 ““S)l“(:r,],m(% ‘rh(‘%}‘ even take out the pillar between the levels.
’}(,n the level above has been worked ont and abandoned, th
miners, starting at some one point blast out the pillar unt'], th e‘
break through to the level above. This allows the loose rock 1’r '-ey
ﬂ‘n‘ough and spread itself as a cone on the broken rock bfl '0* 1"un
pillar.  The men then work on the sides of the cone e(;w*lhe
catting back the pillay. The waste from the level ‘1b0\i3n( Lfep
the newly blasted rock to the base of the cone or wed (e wh ‘pu's I?S
sorted. Having mills at various points it is not neceiaf fetle %t N
mence this method of drawing pillars at the farthesg llzd Ofwlln-
stopse. Thus everything is cleaned out of the mine. The OLH]Y (’)'IIT ]e
left in the mine are the shaft pillars but if the s:haffs wer'é 1(;111:191;

KEWEENAW SERIES OF MICHIGAN. 923

far enough in the foor wall even these would not have to be left.

The advantages claimed by this method are the small amount of
timber used. henee the lessened dangers of fire, the great safety to
the men. no waste rock having to be hoisted to surface, and not
having to leave pillars in the ground which may contain a large
amount of copper.

To rerurn to the general changes of mining it will be seen that as
the nines grow deeper there is a marked tendency -to have fewer
chafts. This is particularly true of mines such ax the Tamarack.
which do not expeet to work the ore body until they get quite a
Having fewer shafts they naturally would

This Las led 10 the use of mechanical

The Quincy has electric locomotives on

distance below surface.
be placed farther apart.
tramming underground.
some of the levels. In the Tamarack an endless rope system has
heen devised. This was first adopted in the long ecross-cuts but
within the last few vears has been extended {o use in the drifts
themselves. "

There has been another tendency which has lavgely counteracted
the use of fewer shafts. This is an increased output. In 1875 the
Calumet and Hecla produced about 21.000,000 pounds of copper
while in 1906 the product was over 82,000,000 pounds of refined
copper. The two tendencies have forced each shaft to do more
work and consequently has led to the improvement of them. All
shafts in producing mines have been enlarged to have a double
gkip compartment. Skips. instead of holding say one ton of rock
are made for two or three in some of the mines, while those of the
Quiney hold eight tons of rock. '

Some of the mines Loist only from certain levels. This is true at
the Quiney. IHere the shafts ave in the footwall. A pocket is cut
in the footwall of the lode. or the hanging wall of the shaft. This
pocket is filled from two or three levels above. At the level where
the skip is to be loaded a chute is built directly above the track so
that the skip is brought to this point, the lip of the chute is lowered
and the rock runs into the skip.

The travelling of the skips at high ‘speed is also causing its
changes in the shafts. The road has had to be improved. If the
rails were held loosely and were not smooth the skips would jump
the track. These skip roads ave constructed with the greatest care
and are carefully watched. In two instances the use of wooden
ties has been abandoned and the rails are laid on concrete string-
ers. These two mines are the Allouez and Baltic.

These conerete stringers are laid directly on the foot wall of the
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shaft 1o which they are held by means of steel pins fastened into

the foot wall and projecting into the concrere moulds. The con-

crete being laid around them. thus binds itself to the solid rock.

They are usnally one foot wide and the rail is bolted directly on its

face. ‘

The use of vertical shafts ix another change.  So far the only
mine that has used a vertical shaft when not absolutely necessary
is the Calumet and Heela. The advantages of a vertical shaft are
obvious. It gives a shorter way of getting to the ore body and
allows of greater hoisting speed than does an inclined shaft (4.000
feet per minute at the Whiting shaft).

The No. 5 shaft of the Tamarack is a five compartment shaft,
four of which are used for hoisting. the other being used for
ladders and pipes. The Red Jacket shaft of the Calumet and
Hecla is a six compartment shaft, the two easterly being used for
ore, the westerly for hoisting and lowering men and materials,
while the middle compartments are used for hoisting water.

The methods of hoisting ore at these vertical shafts are interest-
ing. At the Tamarack, the tram cars themselves are hoisted in
cages, which are used for all purposes, including the hoisting of
men. The cages are double deck, thus two tram cars are hoisted
at once. Ilach tram car holds three tons of rock, making a total of
six tons hoisted at one time. At No. 3 Tamarack the capacity is
about 1,000 tons daily. At the Whiting shaft, this method has been
abandoned, owing to the time required in removing the cars, dump-
ing and replacing them on the cage. Here the Kimberly skip has
been adopted. This is a form of self dumping cage used in a verti-
cal shaft. These have a capacity of nine tons each, thus allowing
4,000 tons to be hoisted from the one shaft during a period of 24
hours.

Vertical shafts are now being sunk by the Globe and Challenge
mines. The reason for adopting them here is on account of the
overburden. This is 125 feet thick at the Challenge and about twice
that thickness at the Globe. In both cases drop shafts were used
in order to get to the ledge and these being vertical the shafts
through the rock were continued vertically downward.

To allow the shafts to be run to their capacity, new methods have
had to be adopted in getting the men in and out of the mines
quickly and without tiring them. While ladders are placed in
every mine, being required by law, they are used only by men
working on the upper levels or for going from one level to another.
It would take too long and prove too tiresome for a man on the
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fower levels of the Calumet and Hecla to climb say 8,100 feet of
ladders. Another of the pet schemes of a decade ago has also been
abandoned. This ix the man-engine.

A Dbrief description of this machine might A B
be infroduced to show the ingenniry of the de- ﬂ
vice and also to show its defects. Primarily M

it cousists of two reciprocating rods A and B
(Fig. 6) extending into the mine. Lach rod a ‘—‘:]F‘\—\j b
has platforms a, ¢, e, g and b, d. 1, I placed
at  equal intervals apart—generally twelve
feet—but alwayvs twice the length of the
stroke.  On each platform there is an upright , b,
rod by which the men can steady themselves in I,
zlscen‘(hng or descending. The action can hest
be described from the diagram. A man wish-
ing to descend ix standing on platform a. .He B
steps on platform b when it is opposite 11111'1. ¢ —
The rod B then descends until platform b is
;lf b. In the meantime rod A has ascended
so that platform ¢ is in position of ¢’ or op-
posite b, The man steps over to the platform
¢ which then descends and allows him to step
to platform d. In this way he is carried int.o
the mine. By reversing the operation he is
arried up.  The engine operating the two Lt
rods is usually governed by a fly wheel so that e EF
the speed of the strokes is most rapid in the :
center of the stroke, slowing down to a stop
when the two platforms are together.

Such a machine may be adopted in either
a vertical shaft or in an inclined one. It is,
however, clumsy and costly in the first p}m’:e,
in operation, and in repairs. It.is not Sa'te as
men have often become dizzy and confused. g . h
Besides this it does not save much more time,
it any. than does the oid fashioned ladders.

|
ans
(W)

The universal practice now is to hoist and " :_f )
3 s I . AT TS Fig. 67. Sketch of man-
Jower men in either cages, skips or man-cars. ensime.

In the vertical shafts and in the more steeply inclined shafts, as
the Baltic and Champion cages are used. These are generally
double deck affairs, so that from 20 to 30 men can be hoisted at
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once.  The older practice in the inclined shafts was to allow the
men to ride up and down in the skips. They would pile into these
until one would wonder how o many human beings could get into
sueh a small space. When they getr 1o surface they arve very offen
janmmed in oso tight that one man has to he pulled out hefore the
others can be loosened so that they may help themselves.

The man-cavs can he likened to a set of steps set on wheels.
These are wide enough to accommodate three men to a step and
being ten steps long hold 30 men when full. It is an intevesting
operation to watch them remove the skip from the track and place
the man-car there. At the Quiney there are four cranes to the
shaft. two for each hoisting compartment. One of these removes
the skip from the track. The other holds the man-car. This is
then swung to the track. the rope fastened to it and the man-car
is then lowered into the mine. The time required to make the
change is less than one minute.

Some of the mines have special shafts. as the Wolverine. or
special compartments of the shaft for hoisting and lowering men.
In these cases this operation does not interfere with the hoisting
of ore. It is noteworthy that the Calumet and Hecla have special
ropes and special engines for hoisting and lowering the men.

These extensive improvements underground have led fo improve-
ments on surface. Separate shaft and rock houses connected by
the Frue Automatic tramway are very seldom seen. Now that one
shaft has a eapacity equal to that of an entire mine in 1875 it has
been found necessary to combine the two and have one rock house
for each shaft. The sorting and crushing have changed but little.
For the same reasons that wood iz being abandoned underground
it is being replaced by steel in surface construction. Gradually
steel shaft houses are replacing the old wooden ones. With the use
of steel comes a change in shape. The bins to the rock houses are
being made circular. This is due to the greater ease of spreading
the ore and entirely filling bins of this shape.

The hoisting engine has rigsen from one of forty horsepower with
4 six or eight-foot drum as a maximum to one of eight thousand
horsepower with a twenty-four foot drum at a few of the mines.
Thege first engines simply operated one skip, hoisting them to sur-
face and by releasing the break. allow them to run back into the
mine. Now each hoist controls two skips with their ropes so
wound on the drum as to allow one skip to descend while the
other ascends. This is known as heisting in balance since the
weight of the skips ave equalized. thus giving less work for the

e
[I¥]
~1
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engine to perform. At the Red Jacker shaft of the Calumet and
Hecla the weight of the rope is also equalized by hanging the ends
of a rope to cach cage and allowing it to pass to thie bottom of the
haft, The hoist Lere is pecnliar being the only one of its kind
in the copper conntry.  The large drum has been discarded and in-
stead two drmns of a narrow face have been used. Only one hoist-
ing rope ix used. This ix connected ar one end to one cage. It
passes avound the two drms three or four times, then back into
a tail house where the proper tension is kept and at last con-
nected to the other cage. To these two cages is hung the tail rope.
The whole svstem may be lkened to a cable car system.

Where ﬂl;’ large drum is still nsed we often see. instead of a
flat faced drum. a double conical dram with the rope so wound
om it that when the skip is hoisted and the weight becomes less
the rope is wonnd on a constantly inereasing diameter. thus in-
creasing the speed of the skip and keeping the strain on the en-
gine more constant. These conical drums have their friends and
ememies and much can be said for and against them.

The engineer no longer sits on the brake lever in order to stop
his engine. Steam cylinders now control the brake so that an
engineer merely operates.a lever. DBy meaus of floating levers and
il cvlinders the pressure of the break is very closely regulated.

The floating lever is used to regulate the oil and steam cylinders,
operating the break and receives its name because the fulerum 1&
not a fixed point. This lever is held by three rods at points A, B,
and C of the diagram. The rod attached at B is connected to and
operated by the engineer’s lever. The rod connected at € is con-
nected to and operated by the piston rod of the steam cylinder
operating the brake. The rod A operates the valves to the oil
and steam cylinders.

¢ the engincer wishes to 1lift the piston rod he lifts, by his Jever,
the point B to the position of B/, € now acts ax the fulerum, AC
as the lever avm. and the lever assumes the position A’ B ¢, The
rod at A. being lifted, allows the steam to enter below the piston
and it rises, pushing the rod connected at € with it. Now B acts
as the fulerum and the lever assumes the position AB”C/. Thus
the rod A is pushed back to its original position closing off the
steam from the steam cylinder. In order, however. that the ex-
pansion of the steam in the cylinder will not carry the point C
too far the piston rod of the steam cylinder is made to operate
throngh an oil cylinder and when the rod at A shuts off the steam
it also closes the valves for the oil eylinder and thus locks the
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piston.

portion to the distance which B moves.

ever it iz possible for him to regulate the pressure of the brake
o S : _ ' :
To reverse, the point A must be pushed down to

very readily.

point A7,
Safery devices now form a part of all loists.

worm screw the steam is thrown off and the break

rm set when the
skip reaches a certai ace, thus i -
a certain place, thus preventing overwinding. There

are tw 35 e oy 3 3
j[lu two dials on each engine marking the position of the skips in

1e shafts.  This of course i i 7 ) ‘
. thlt\. This of course is merely approximate. On the drum
] S - ; ET5Y . ol 3 e . T f 113 .
t%e 111L marked in chalk the exact positions at which it should be
stopped so that the skip ¢ + any

S : skip can be exactly stopped at any

ot A i at any desired

Fig. 68. Tloating levers. Sketch by A. H. Meuche.

EPN ao (v .5 ;. LW T X 3
tefore closing, a few remarks on drainage may not be out of

])lfl('e. Fortunately this is not wmuch of a problem for the c ¥
mlnes.. One or two of the mines have their upper levels (11:‘)1}1')1[1)6(11
by ﬂdI.fS. Most of the water in the mines is Surfﬂcé \)’a‘rer‘ :n(]%d
flows ].n on the first thousand feet of workings. Bél/()w ﬂ'l/i% the
\\'fltel- is 'Very acrid in character, so much so that pumps and >pi es
are readily coated with rust. The amount of water is very sngq(l‘l
ilflfl (does not 1.)11)' for the installation of pumps on thésé im&ier
z&:;l;eciofngté‘h? devfeper nlinefs, stuch as the Tamarack, Calumet
‘ N aumc), allow this “mine water” to collect in sumps
at the bottom of the shafts and bail it out in large bailers. g

The stamp mill practice has changed but little during the past

The distance which the point € moves is in direct pro-

Ax the brake moves pre
orti : : : > 1 > ves pro-
yortionately to € 3 moves proporti

1 ately to € and B moves proportionately to the engineers

3v means of a
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thirty vears. The greatest change has been in decreasing the cost
of production by inereasing the capacities of the various units.
The steam stamp of today. with the aid of rolls have a crushing
capacity of over 700 tons.  This stamyp s fed from a hopper by
gravity into this stamp. A man with an iron hook stands here
to regulate the feed or hold it back when necessary.  He also
watclies for pieces of mass which he casts aside.  The total crush-
ing or falling weight is three to four tons and the actual stroke 18
from 20 to 24 inches.

In the mortar (at the Isle Royale milly the rock iz crushed to
pass a five-eighths inely screen. Targe lumps of copper. the size of
«mall potatoes which are contained in the rock will not pass this
screen. They are removed by a hydraulic arrangement. A four
inch opening is left in the mortar just below the lip. This is
connected to a pipe through “which water is forced into the mortar
at such a speed that only these Jmnps of copper cdn force them-
celves through it. They fall into a receptacle ontside of the mor-
tar. These are termed headings and make up about one-fourth of
the product of the mill.  Another and almost equal amount is ex-
tracted between the stamps and the trommels.

The annexed flow sheet will serve the purpose of tracing the
product through the mill. The rock after leaving the stamp goes
to a trommel with a 5/ 16" hole. The oversize passes to a set of
rolls and is crushed to a smaller size. The ove then passes to
a hydraulic classifier. In each section of the mill there are three
such classifiers with three sets of roughing jigs, each doing the
came work. The rock from the trommel is divided into three equal
parts, each of which goes to a ¢lassifier. In these classifiers the
rock is classified into five parts, the heaviest settling first and
so on until the fifth or <limes is washed over the end and taken to
settling tanks. The other products are jigged on two separate
jigs, the huteh of which goes to the finishing jigs and the tails are
waste. A certain amount of copper collects on the screens of the
jigs and is seraped off at regular intervals. The hutch product of
the finishing jigs runs to settling boxes and is ready for the smelter
or subsequent treatment. The slimes are first allowed to settle.
The settlings are treated on Tvans tables the heads of which are
treated on Wilfley or Overstrom tables and the tails go to waste.

Tn the operation of the stamp mill copper is taken off at every
point. It is picked from the feeding hopper, discharged in big
lumps from the stamps. 1t comes from the roughing jigs as red
gravel, as fine sand from the finishing jigs and as red mud from




930 ; ;
3 KEWEENAW SERIES OF MICHIGAN
T e B
5o
e / V";Ruu.\»
© o Stamp -
Dapticste Seation e— 272 o o Hydeanbe Classifer it T
! i Concentric Trommels
Hydraalic Classilier ,(,ﬂfg . ('/7 putl e

—

Q[$ Hydraalic Classifier
Lo
rl |

Uuwzucﬁing Boxes |

|
|
i
FEE
b /N N [T |
i o | i
g Deutefing Boses
i b
I :

-

i

P
H AN L
Ny,

Suttling Boxes "B’%ﬁ(»ﬁti ‘)a}
13

:"-7

| Setthiug Tauk

-

|
oo

e
!

(

i

|

f

i

|

! !
T w\l\uuddlu //r] ; ‘

A / ’
N / ) Bettling Boxes ?%

.

b
P e 1

U S - 1 Iwittiey Table
L

@
v Copper Recovered
— Waste Water and Tails
———==——  Course of Pulp

Course of tlutch and Middlings

Fig. 69. TFlow sheet of Stamp mill. Sketch by Meuche.

Prewntering Boxes

Jigs

Middling

Setiliug Boxes

KEWEENAW SERIES OF MICHIGAN. a31
the concentrating tables.  Nome native cijver ix found with the
copper. AT some stamp mills a boy is employed to pick silver out
of the mineral but if the pieces are very small but of rather high
percentage (240 the mineral ix refined at the smelter and cast
into anodes.  These are then shipped to an electrieal vefinery where
the silver and copper are separared. No reliable estimate can be
made of the amount of silver in these mines as it iz stolen by the
employees underground. in the mills

The amount of water used ix something €normons. heing some-
thing like thirty tons of water to one of ore or three and one-half
million gallons per day for each stamp. The cost of stamping has
been reduced from two dollars a ton in 1834 to as low as twenty-
eight cents. (Tamarack report for 1907.)

1t must not be supposed that all the copper is T
eriticism of Prof. Egleston still holds and ax stated by a more
“This will emphasize the observation that during

recent writer:
late vears the endeavor to lessen costs has been pushed at the
that is, it has not

expense of any improvement in extraction;
lized that while the expenditure entailed by the treatment of
{here has been no commensurate dimi-
Five cents worth of copper,

and smelters.

ecovered. The

rea
copper ore has decreased,
pation in the amount of copper lost.
per ton, lost in the tailing is worth just as much as a five cent
decrease in milling cost.”
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APPENDIX.
BY A, C. LAXNE,

1. Introduction.

Between the writing of so voluminous a report as this and its
actual issue. some time must elapse. This report is part of my re-
port for the year 1909, I had to make a hard and fast rule, in order
to ever get through. in reading proof, to make no changes. except
where actual errors or failures to clearly convey my meaning were
involved. The temptation was strong to try to include more recent
drilling, but as dozens of drills had been and are continuously at
work, T should never have known where to stop. The wisdom of
this rule is shown by one of the few exceptions made to it. In a
few cases, where I thought the reader should be forewarned of a
change of views or different use of names due to it, more recent
work has been mentioned. One of these references, that to the
“Mayflower lode” in the footnote of page 371, called attention to
the fact that the lode recently so named is not the one so named
in Figure 39 and in earlier explorations. But, misled by press
accounts of recent drilling, I misstated the horizon of the new
“Mayflower lode,” which, according to G. 8. Goodale, in the annual
report of the Company for 1911, is several hundred feet below the
St. Louis cong]omel"até.

A few reports have, however, appeared since the transmission of
my manuscript and a few explorations of such importance made
that I have inserted this appendix, so that, although I may not
give them all the attention they merit, I may not seem to ignore
them.

2. Bibliography.

I have not given a complete bibliography of titles pertaining to
the Keweenawan series. Work thereon is so covered by the re-
ports of the Canada, Ontario, Minnesota, Wisconsin and Michigan
- Geological Surveys, and especially the bibliographies of Mono-
graphs 5 and 52 of the United States Geological Survey, and its
annual bibliographies, that it would be what R. 8. Woodward has
called “a platitude of research.” 1 have, however, listed a few
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papers overlooked in the bibliographies and some of the more re-
cent works to which 1 would call attention.

The Proccedings of the Lake Superior Mining Institute, the
Canadian Mining Institute, the American Institute of Mining Iin-
gineers and the Michigan Academy of Science will naturally not
he over looked by the thorough enquirer. The Michigan Iingineer-
ing Nociety and Michigan Miner mainly conecern themselves with
Lower Michigan. '

The losses in copper dressing at Lake Superior. by Adjunct
Professor H. S, Monroe. Transactions of the American Institute
of Mining Engineers, September, 1879.

The copper-bearing rocks of Lake Superior. by R. D. [rving.
U. 8. G. 8 Monograph V; also 3rd annual report U. 8. G. 8., 1883,
pp. 93-188.

Geologic maps of Michigan, by Jules Mavcou and John Belknap
Marcon. U. 8. G. 8. Bulletin No. 7, 1884, pp. 77, 78, 79, 80, 81,
82, 83, 85, 87, 8s.

On the classification of the early Cambrian formation, by R. D.
Irving. U. 8. G. 8. 7th Annual Report, 1888, pp. 365-454.

Notes on some diabase dykes of the Rainy Lake region, by
Andrew €. Lawson. Proceedings Canadian Institute, 1887.
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Divergences.

It would be pleasant and not profitless to peint out in detail
where the observations herein recorded confirm, agree with and
strengthen the conclusions of Fenner and Lewis in New Jersey
and of Van Hise, Leith, Steidtmann, Martin and Thwaites on the
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Keweenawan. 1 shall do this to some extent by seeing that not
merely their names arve thoroughly indexed. hut also certain head-
ings wnder which are grouped references to observations on sub-
jeets of especial interest to o them, stuich as: prehuite and other
zeolites, paragenesis of ;. Keweenawan. sigus of origin of; Upper
distribution and relations; water, effeet of ;3 copper, formation of.

Althouglhi less pleasant, it may be of more use to point out
wherein there are divergences. so that the reader of this report
may be duly warned thereof.

With Monograph LTI, there are three main points of divergence;
(1) ax to the intrusive character of the Greenstone'; (2) as to the
age of the Keweenawan; (3) as to the age and connate character
of the salty mine waters.

Asx fo the Greenstone, the authors of Monograph LIT, on page
381, cautiously suggest that it may be, at least in part, intrusive.
The coarseness of the grain of this, perhaps the coarsest singtle
lava flow that is known, and the cliffs above the CHft Mine, like
those of the intrusive Palisades of the Hudson, make the suggestion
natural. But, on the other hand, we have the following facts:

(a) o far as it is always at one horizon, just above the Al-
louez conglomerate, and never seems to cut across strata we have
a very strong argument for its being a flow. How far this is true
can only be judged by a detailed study of Chapter V. The authors
of Monograph L1T are hardly inclined to accept my correlations of
exact beds of the seetion on Isle Royale with beds on Keweenaw
Point; (b) it has not the contact effect of the igneous rocks,
neither producing tourmaline as under the Palisades nor changing
angite to such hornblende as produced in the ophites by the gabbro
of Mt. Bohemia; (¢) the occasional induration, and especially the
oceasional production of steam bubbles in the originally muddy
upper layers of the bed below, which are now filled with calcite,
are guite characteristic of an effusive contact; (d) the coarseness
of the grain clear to the center is much more likely to oceur in a
thick flow than in a thick sill, as shown in Chapter IV (e) even
the lighter streaks, the diorite streaks of Marvine, or doleritic
streaks, in which the feldspar is coarser than in many gabbros,
show Dby the fact that the nearer they are to the center of the
(Greenstone as a whole the coarser they are, while they show mno
change in coarseness in their contact with the darker, poikilitie
part, that they are an essential part of the original flow. They
do. indeed. Jook very much like some gabbro pegmatites, and are,

iNote the capitol. The term is used on Keweenaw Point as a proper name applied to the
bed above the Allouez Conglomerate.
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I believe, due to a =imilar segregation of mineralizers. which
tended to produce a greater power of crystallization and more
perfect crystals, and possibly delayed, also. the crystallization.
For details regarding this. see the references indexed under Green-
stone, doleritie texture. Alouez conglomerate.

(2)  As to the age of the Keweenawan, owing to the work of
Thwaites, we are now happily agreed as to almost all the facts
summarized on pages 4116 to 426 of Monograph LTL T still adhere
to the conclusion of my report for 1908, drawn from these facts,
that the Cambrian age of the Keweenawan is probable. That the
Keweenawan is “larvgely subaerial” and (naturally therefore) “not
fossiliferous,” I find ne argument against its Cambrian age, but
quite the reverse. That the Cambrian contrasts with the Ke-
weenawan in lacking voleanism, is certainly not true of the Upper
Keweenawan, which is later than any volcanism in the Lake Super-
ior region, unless, indeed, Wilson’s suggestion that there are Cre-
taceous lavas mnear Nipigon Bay should prove to be correct.
(Monograph LII, p. 369.) On the other hand, the early Cam-
brian of eastern Canada and New Iingland, as well as the typical
Welsh Cambrian, contains coeval volcanics. This does not show
anything as to Lake Superior of course. I only wish to point out
that the statement of Monograph LII must be qualified until it,
too, does not prove anything. Though the “Upper Cambrian is flat
lIying,” so is the Lake Superior sandstone of the Apostle Islands,
which Thwaites recognizes as conformably above and part of the
Upper Keweenawan. That the upper marine Cambrian rests un-
conformably upon Middle Keweenawan beds is quite to De ex-
pected, when the latter are land volcanics.

“The similarity of lithology and accordance of structure between
Upper Keweenawan and Cambrian” might, indeed, be the result,
as the authors say, of a very much later transgression of the sea
over flat lying sediments, but since the Liake Superior basin began
to form before the Keweenawan, and seems to have never ceased
to be a basin, there should have been continuous deposition in the
center. This would be true whether it were a marine or a desert
basin, a bolson or a playa, and this, indeed, seems to be accepted
by the authors of Monograph LII, in their resumé (on page 416)
of the course of events, but in that case, the whole Cambrian must
be represented in the series of red sediments between the Jacobs-
ville sandstone and the Freda sandstone, which can hardly be more
than a few thousand feet, while Walcott gives for the Cambrian
section of the Rocky Mountains (National Geographic Magazine,
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Vol. 22, No. 6. p. 514) 3.590 feet Upper Cambrian, £963 feet Middle
Cambrian., 4524 feet Lower Cambrian. largely limestones and
shales, which are generally supposed to be very much more slowly
accumulated than the sandstones. Under any hypothesis. the Ke-
weenawan beds “constitute a marked local variation™ from gen-
eral conditions. but to me they seem lithologically far more allied
with the Upper Cambrian than with the Tre-Cambrian.  This is
shown by the fact that for a long while almost everyone supposed
that the Bayfield or Western sandstone of the Apostle Islands was
of the same age as the Jucobsville or Eastern sandstone, which the
Timestone Mt, section seems to show to be Cambrian.

Again, not only the Porcupine Mt. monadnocks referred to by
Van Hise, which, as he says, were (Science, new ser.. Vol., IV,
1896, pp. 57-9) more nearly reduced to baselevel during a time
extending down to the Cretaceous, but numerous contacts of the
Jacobsville sandstone that show relations of contact against cliffs
of the Lower Keweenawan beds, while they indicate, indeed, much
erosion during intervening time, also seem to me fo indicate that
the Lower Keweenawan was by no means base-leveled at the time
of the Upper Cambrian transgression nor lay beneath the Pre-
Cambrian peneplain. But the profound discordance of the Kewee-
nawan and Huronian on the Gogebic Range and not merely that,
the whole relation of distribution and attitude of the Keweenawan
to the Huronian folds and formation, as A. E. Seaman has sug-
gested, seems to show almost at a glance relations like those of the
Triassic sandstones and traps (which the Keweenawan so much
resembles) to the Palaeozoic. The main movement, much folding,
many synclinal axes, much iron ore concentration, much erosion,
took place before the Keweenawan. In other words, the master
gap, at the beginning of the Palaeozoic, comparable to that at the
end of the Palaeozoic, occurred prior to the Keweenawan, rather
than after. The problem thus seems to be analagous to that of the
“Red Beds” of Pennsylvania-Permian-Triassic age. Final conclu-
sions must come from a valid correlation of volecanic outbursts,
continental uplifts, and world-wide changes of strand line. The
nearer we can get marine Cambrian, in which there are signs of
contemporaneous volcanic action, the surer we shall be that the
Keweenawan volcanics are Cambrian in age.

Seaman’s map of the Keweenaw Point district (Plate XXVIII,
Mono. LI1) seems to draw the line between Upper and Lower Ke-
weenawan at the base of the Great Conglomerate—a suggestion
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ctratigraphicatly worthy of consideration. though it does not ac-
cord with Jrving's original division, nor with the text.

M. Collen in Eeonommnie Geology, 1907, page 5720 Vol 11. No. 6)
describos a series of copper deposits in the Belt formation of
AMontans.,  This is unconformably overlaid by the Middle Cam-
brian. Flat head sandstone, and is said to be sepavated by great
nnconformities both from it and the “Archean” beneath. Tt is
divided into two geries by an unconformity. The upper and lower
series contain black fetid Imestones, and certain beds of this ave
impregnated with chaleopyrite and chaleocite. There ix also a
the Npokane shale. These red beds

great thickness of red shale.
carry copper ores sometimes in veins and sometimes in bedded de-
posits associated with “intrusion™ of diabase. The copper i most
abundant when the diabase is thoroughly altered. He believes it
has been leached by circulating ground water from the diabases.
These diabases should correspond very closely to the Keweenawan.
Tt ic notable that the sulphides are mentioned, not native copper,
and intrusives not effusives.

(3) The third question is as to the “explanation for the char-
acteristics” of the deep waters high in chlorides. The authors of
Monograph LIT are not inclined to accept my suggestion that these
characteristics are connate, that is orviginal, “for all the essential
kinds of conditions which produce the salt water of the ocean are
present.” (p. H44) “Chlorine is present,” as they say, “in minute
quantities in original igneous rocks and in nearly all surface
waters. Its salts tend to remain in solution, while the salts of
other acids are more lavgely precipitated. With a given amount of
water, there scems likely to e, therefore, a progressive relative ac-
cumnlation of chlorine salts. Such is the case in salt waters al the
earth’s surface, where a large factor in the accumulation is the
Tack of sufficient eirculation to carry off and dilute the salt waters
that are developing by evaporation. In deep underground waters
there is essentially the same condition of stagnancy, and therefore
we suggest progressive accumulation of soluble chlorine salts”

Is not evaporation an “essential kind of condition” for surface
salt waters? The only thing that can replace it underground is
rock hydration and the absorption of water into solid minerals.
This may be a factor, but one would not expect it to be of much
weight, especially when these salt waters occur in limestones and
pure sandstones.

Tt is gratifying to notice that Van Hise realizes the importance
of stagnant water. The more stagnant the water, the more largely
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must it be connate. That the chemical composition of connate
waters may be changed after burial. one can not deny, but the only
way that one can suppose such stagnant connate waters could ac-
quire the large percent of salts they often contain is to suppose
that a small percentage of interstitial waters in the porves has
leached a good part of a very small amount of chlorine from the
fresh rock. A rock with a half percent pore space filled with water
or say five ounces of water in a cubic foot would have about a sixth
of a percent. of the weight of a cubic foot of rock. The segre-
gation of enough chlorine to make this a strong solution of chlo-
rides would be less than a tenth of a percent.—so small a quantity
that no chemical work yet done, to be sure, is enough to prove that
it may not have happened. Neither is there chemical or petro-
graphic evidence, such as corroded apatite adduced to show that
it has taken place. Stagnant waters would certainly retain strong
traces of their original character, and I see no reason why my
assumption that the chlorine is almost wholly connate does not
better agree with the facts.

For in the first place, the term “progressive,” as above used,
must be understood as referring to time, not to space or distance
from surface. If anything stands out from my mine water studies,
it is the rather sharp change from fresh to salt. The fact that the
salt water at the top has much more sodium in proportion to the
strength than the stronger, deeper water, seems to show most
surely that it is not by the incrvease of chlorine, first taking up
sodium, then “when the sodium is taken care of by the chlorine)”
the ealeium, but by a direct reaction of the caleium chloride waters,
either with rocks that contain soda or surface waters containing
sodivm silicate or carbonate that these waters, intermediate in
position, but not in composition, have been formed. I wish 1 had
printed as a fignre some diagrammatic tabulations of the composi-
tion of the waters in which this clearly comes out. The suggestion
of Van Hise and Leith is, however, very interesting and important,
if true,—that the percent of chlorine can be taken as an index of
the degree of stagnation. In this, T shounld be inclined to agree
myself.

With regard to the formation of copper (see especially page 558 .

of Monograph LII} we are agreed that the formation of the copper
ras but shortly after the formation of the beds in which it is
found, and that the copper-bearing solutions were hot. I am in-
clined to dwell on the fact that they were unequally hot and think
that they tended to throw down the copper in the hotter parts;
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that the turning of caleinm chloride into sodinm chloride helps to
throw out copper 1 do not doubt, but am inclined to emplmsizle the
presence of trap rocks that help to make an alkaline solution. We
agree that the water was “both juvenile and meteoric.” I think
the chlorine was also, and suggest that there may have been some
concentration in desert pools. which Jlava sfreams may have
helped to evaporate. We both are inclined to consider the 'eﬁ’usive
rather than the intrusive rocks as the source of copper. In that,
we differ from the explanation of Volney Lewis of the New Jersey
zeolites and the copper associated with them. L

In 1911, I went down the Somerville mine, one of the deepest of
the New Jersey mines. to the bottom. I saw no reason to believe
that the formation of the copper was there different from that at
Lake Superior. The occurrence is directly under and in the joints
of an effusive lava sheet and seems to be where the water impreg-
nating the sandstones and shales below (in which shales stea;n
bubbles were formed by the lava) was lhotter and more alkaline,
being near the alkaline trap. The native copper appears to be an
original ore as it is in TLake Superior and oxide and sulphide
largely secondary. Fenner and ILewis have recently gaﬂ'lered
numerous facts as to the paragenesis of the zeolites and the flow of
lava on land and in lakes that entirely fit with what I have seen
in Lake Superior. I wish I had read their works twenty years ago.
But it must not be forgotten that the mineralizers or magmuﬁc
waters of a magma do not cease to exist, if, instead of being in-
truded, the molten lava reaches the surface, and there is no reason
why the boron, found so often in borax lakes in volcanic arid
regions, should not be efficient as a mineralizer, if buried under
hot lava flows, even though it had seen day-light. The difficulties
as to the source of boron raised by Lewis may thus be removed.

The “circulation” seems to me rather an imbibition or absorp-
tion with an ionic migration toward. points where precipitation
is going on. Long ago, de Lapparent -alled attention to the fact
that the traps are alkaline and have a reducing action.

1t would be foolish to deny that intrusives in many places have
a large part in ore deposition. Intrusive traps oceur at many
places and at many ages, but the primary ore associated witix
them is generally chalcopyrite. Only in the formation of native
copper does it seem as though it were needful for them to reach
the surface so as to give the sulphur a chance to oxidize to sul-
phate and be carried in one direction, while the more readily re-
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duced silver and copper. which have lexs affinity, for oxygen than
the sulphur, are reduced without it.

Native copper deposits, ax 1 have pointed out. appear to be asso-
ciated with certain former physiographic surface conditions.

The report of J. R. Finlay was made for purposes of taxatio:
and this report is pretty closely confined to geology. but there is
one sentence (p. 33) that 1 would challenge geologically, viz.: that
“the copper district has been preity thoroughly explored.”  Ac-
cording to the authors of Monograph LIT and myself, the oc-
currence of copper has but little to do with the present surface,
though there may have been some mainly pre-glacial, perhaps pre-
Ordovician impoverishment connected with a surface not unlike
the present. If, ax I have suggested, certain lava flows evaporat-
ing certain pools in the desert tended to produce some concentra-
tion of copper, certain horizons must be regarded as more favor-
able than others. This might apply to the Kearsarge or Pewabic
lodes. The Nounesuch horizon also shows heavy decomposi*ion of
basic rocks and there may have been copper dissolved in that con-
nection, and while it shows signs of copper almost evervwhere,
st hag been closely tested for copper but for a very few miles. The
horizons of very few lodes have been explored for more than a
small fraction of their distance.

Again, if T am right in thinking that the mineral crests or
richest parts of the lodes are in the belt of middle waters, it is ob-
vious that only explorations of lodes of something over 1,000 feef,
on the average, is a fair test of their worthlessness.

Finally, when we remember that the surface of the range is
largely covered by thirty to three hundred feet of drift, and that
there is not the slightest reason, 50 far as I know, to sappose that
there is any such connection between drift and the copper that
the copper should be found mainly where the drift was thin ; that
the only way of testing drift covered regions at all is by diamond
drills or shafts and that diamond drilling has been used not mueh
over twenty years and is, at best, like probing for a needle in a
haystack, with a long steel rod, it seems very unlikely that we
have alveady pretty thoroughly explored and developed the best
copper mines. It is quite likely that the cost of preliminary ex-
ploration may grow, but that, ag fast as more copper js needed,
more exploration will be done to find it and more will be found.
1 may say that I have some times, by request, refrained, in this
report from reporting yvisible copper, so that the references to
copper in the drill core, sections given in this report are not on
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Recent Erplorations,

The geological and diamond drill exploration in the vears 1909
1912 has been mainly in two districts. The one js ﬁ-(;m T.]l(’ "\’1‘
venture and Lake Mines northeast. To some extent. drilline l~{1 {
ﬂmn 1909 has been incorporated in Plates NTI1 ;1;1<1 \'T\'h "l‘l(;:
f(n'?mll‘iun is; no doubt, broken by many fanits, but T k‘nm\'. of 11(
ferums changes required in these or in 'I’lzn‘e VIII, except 1’;1(‘(’(»1-(1‘)

i b = 2 (ac -
111‘1;;{(101(;:1;11001,\ I can not yet accept) in the neighborhood of the

-The question as to the relation and direction of the Lake lode is
st ;'m open one.  One theory is that it eurves around, fm'lnin")‘ :
;\(::1({]]1111;1‘1“;\‘\(1)1(1 ;:)h.c‘(mfvinues with (‘el‘ﬁ%ill copper bearing belts of T'he
o ke. .1.& would naturally imply a belt of at least some

istance in Section 31, T. 51, R. 37 and 36, T. 51, R. 38, where
the dips, instead of those everywhere else lllli\'(‘;‘Sf I.I\"Mn'eilij
through the Copper Range toward Lake Superim*,/ \\'ou'ld 11)9(:(:11]1(‘
S(mfh.easﬁ\'u1~d. This is the theory which has been natm'-lllf\' ‘1‘(-1
llll(tﬁl\g to the South Lake Mining Company and \\'}li(‘];l 1\ 'i]h(lq-

-21 3 - v Sy (0t € -1 3 ’ ‘ )
i o Favored . the ke S o v o v

also ore 2 ] g Company report for 1911, One
ob']e(‘fnfn to it seems to be the apparent dip of the beds in {d\; :
ture drill hole 1, shown especially in the sandstone at 7‘7‘) ‘I ¥ ellli
be remembered that that hole dips about 63° to ﬂx’(;sou‘f.holwr“lc
that ﬂle‘ bedding of the sandstone makes an :mtrle/ (;f S()l]’l(e)fl'l’il;::
?-()11{ 40° 10 70° against the direction of the Im]: ’l‘hése (»1)@@1‘ i
‘1f>nfx would seem to agree with a northward dip sach as we found
.q,.ﬂze Algomal and Lake properties, and would make it rather
difficult, though not impossible to suppose that the (di]m '\\'(;;]'(‘ 12’
suddenly reversed. The Algomal drilling shows nm't’h)*-] T j)
Hat @ $ erly dips,
7 Another way to account for the apparent southward dips in
H.oles 4 and 6 of the South Lake is shown by studvine the <elck‘r'
0'1‘ the M:}SS in Figure 527, these South Lal\'(; holes: uct:up\: a p:sfi
‘Inffu:]1'fe¥zjf{\:e.1‘<>‘Tl?.e fmr'le‘fion between Mass d 5 and 1 of L;iglil'e ')2

71(,1L Is a series of fanits as therein indicated, throwine the
southeastward side downward, it is q'nife easy to ;ee that 1T e
correlated horizons divectly across, from one h'ule to ﬂle Lﬂ er one
could infer southward dips. 4 e

In Fig. 52 the numt IR , S
No. 9, umber to Hole 1 is carelessly omitted. It is the vertical hole just nortl of
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Which of the theories illustrated ix the correct one. only further
drilling. probably. can determine. and 1 may have been too much

influenced in my feeling that there ix no such fold. by the fact

that no similar folds have heretofore been noticed.
The Contaet. formerly Elm River Company. give in their report
for 1912 an account- of drilling in a heavy drifi covered region, con-

firming. on the whole, the Jines of Plate V11 where it was a good

deal guess work.

The second district ix in the neighborhood of Calumet (Plate
IX) where the Maytlower. 0Old Colony, Oneco, New Daltic and
New Arcadian have been drilling. Many of the holes arve not far
from the lines of Conglomerate 8 of Plate IN. ov, ax it ix often
called. the St. Louis conglomerate.  Its flat dip in the Torch Lake

section (Fig. 38) becomes (according to the report of the mining
on the May-

company) steeper to 43° on the 0ld Colony and 50°
flower. The course of Conglomerate 8 may be rectified slightly.

The structure of the Toreh Lake seetion, like the structure along
the Keweenawan fault at the Lake and a number of other places,
may be easily accounted for by the explanation given on the figure,
i. e.. by supposing that there was an uplift of the Lower Kewee-
pawan accompanied by more or less pormal faulting and that upen
the uplifted and eroded edges of this ‘Lower Keweenawan the
Jacobsville sandstone was laid down, and that after this, dis
furbances still continued along the same line which here, and not
infrequently elsewhere, took the shape of over-thrust faulting.

In Plate 1IN, there is an error whereby the base of the Lagle
River group is placed at Conglomerate 17, just covering Marvine's
Both Seaman and I agree that the morve im-

groups b and ¢
ap is not at Conglomerate

portant change in the character of the tr
17 bui at Conglomerate 18 which in the Tamarack Mine is (394)
Conglomerate 17, as the horizon of mining work at the

feet above.
Copper Falls, Arnold, Phoenix and Atlantie Mines, is, however, an
The boundary of the Lagle River

economically important horizon.
lomerate 18 and

group, as 1 have defined it, is at the top of Cong
should, therefore, be about 500 feel farther northwest in DPlate
IX.

With regard to Plate X, also, it should be noted that not only
has the culture been revised, but the geology also, for which 1,
therefore, must now bear the responsibility rather than Dr. L. .
Hubbard, With regard to the densities of the rocks (pp. 66-97),
it may be worth noting that the Calumet and Hecla Mining Cour

fathow

5

pany assume 12 cubic feet to a ton or 18 feet to a
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tixtxt = 216 feet) of ground of their conglomerate Lhroken, and
uxually the =ame for the amygdaloid. which they say runs but little
more—18.07.

To correet § 12 of Chapter I, (pp. 42 and 51). Levereft sent me
the following interesting notes of his work.

In 1949, he found a well-defined beach on Centennial II§ll in
north part of Calumet which reaches 13038 feet A. T.. and a lower
one at 1.245 feet. Northwest of the Tamarack mine. are beaches
at about 1.240.0 1.220, 1.200, 1,170 and 1.135-40 feet. These beaclies
are all tilted in a northnortheast to south-southwest direction. ihe
fall between these and the Quincey mine being about 3 feet per
mile.  The beach which is 1135 feet at the Tamarack mine falls
o about 1080 feet west of the Quiney mine. The fall keeps about
the same rate clear to the south shore of the old lake. The beach
which is 1,303 feet A, T. on Centennial Hill falls to only 554 feet
above Lake Superior on the north side of the Porcupine Mts., and
1.134 feet AL T, at Bruees Crossings or 169 feet in about 60 miles,
It is doubtful if any beaches except the ones at 1.303 and 1.245 on
Centennial Hill can be carried into the 8t. Croix outlet of Iake
Duluth. It is alse doubtful if any between 1,245 and 1,100 feet
AT in the vicinity of Calumet belong to Lake Algonquin. The
beaches at 1,220, 1200, 1,170 and 1,135 feet are suspected to per-
tain to a lake stage with outlet northwest into the basin of the
Red River of the north which, at one time, held a large glacial lake
—Lake Agassiz.

Regarding the mine waters, I should like to add an analysis of
a salt water on the Baltic lode, where it was explored by the At-
lantic mine, close to a fault. Thix was from a diamond drill on
the 25th level, at a depth of 2,240 feet. The composition accord-
ing to G. A. Koenig is

Cal'l, oo 11.58 per cent
NaCl, oo 1.07
MECT, e 0.06
SO, o 0.00
that is: Ca oo oo 41.7 per thousand
ME o 2
Na o 4.2
Clo 81.0
UL o e e 1271

Na : Cl=.052

Ca @ Cl==.515

i

[ =

KEWEENAW SERIES OF MICHIGAN. 949

The sodium is abnormally low.

Sp. Gr. at (20° C.) 68° F.,1.1043. Temperature of the flow in the
mine 62.6° F.

Absorbed gas 33.5 cc. per liter of which there was oxygen 6.27
present; nitrogen 93.73.

It ix noteworthy, if this is correct, that while the gas is not the
reducing inflammable gas which I had supposed associated with
the rocks and the lower water, the oxygen is much less than in
normal air, showing that if this gas is derived from air, it has been
been exposed to reducing action. Occasionally, probably through
some artesian circulation, the water is quite salt at a shallow
depth. The dip of the rocks toward Lake Superior is such that
one would expect such salt wells along the shore, if the strata
were broken by fissures or joints, to give effect to the artesian pres-
sure. An example seems to be met at Green, a hamlet west of
Ontonagon, on the Lake shore. The Greenwood Lumber Company,
in a well 100 feet deep, struck a water which was not a strong
brine but in which the ratio of NaCl:CaCl, was, according to Dr.
G. A. Koenig, as 0.06: 0.04. Another. well, about 1,000 feet farther
along the shore, was not quite so salt. This seems to indicate a
mixture of a surface water with a little of a strong brine, like that
of the Freda well, uprising from a depth or a faunlt (?)

The identification of the various zeolites is probably somewhat
uncertain, especially as regards thomsonite. Inasmuech as I did
not have the advantage of so thorough a treatment of the same,
as is given in Winchell’s “Optical Mineralogy,” (pp. 394-410) very
probably some of the minerals called thomsonite are other zeolites.

57
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