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No. 20
cl oo I 34564 grams per liter
Caoo 1.5523
Na (computed) ... .. A5
Sum oo 346
Total solids* ..., ... . . .. . . . 7.830
Whence

Ca @ Cl=0.45
Na : C1=10.13
On the 13th level

and of a (No. 22) water from a pool 50 feet on under drops from

the roof that showed a refraction equivalent to Sp. Gr. 1.10 which
is about what the analysis calls for

-No. 21 No. 22
Clhoooooo . A8T9 milligrams  59.556 grams per liter
Ca oo 0933 “ 28.560
Na (computed) ... ‘ 93.8
Sam ..., ..., 126.25
Total solids* ... ... 153.9
Whence

Ca @ Cl==0.49¢
Na : Cl=0.08
It is quite clear that whereas No. 21 is pretty nearly the pure
type of lowest water, the others are mixed.

GLOBE EXPLORATION,

The Copper Range Company took an option on this 1
mile south of the Champion. The overburden was heavy (356 feet).
While the diamond drill is said to have shown encouraging copper
values, exploration to g depth of 1000 feet showed so little that

the option was surrendered. Three small samples were sent by
Agent F. W. Denton, April, 1908.

—_— . . e
1At 110°C, including erystal water.

and the next

we had tests of a sample of wet mud (No. 21)
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5
No 1 2 3
Location 6ith level
855 N
] ( only "4 cc

Depth 2
8 3.55 6.0
o 2.7 2.267 1.8?
Ca 2.7
Ca : Cl 0.56?
Sp. Gr. by J. W. Holm 1.004 -
Sp. Gr. by urinometer 1.008 ™
Index of refraction 1.56 .5¢

ineral Lz ) (Fig. 59.
Challenge exploration of St. Mary’s Mineral Land (,;). (Itll,,e Snr)
o T feet from the sur-
The Challenge mine at the 3rd level at about 700 feet froi
face is distinctly saline. o o e
The index of refraction is also distinetly greater than tl;)at 511%15
water, and corresponds to a specific gravity somewhere abou e
i o i § 3
The sample was not, however, so taken as to be free from possi y
of urine contamination.
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EXPLORATION IN SECTION 22, T. 53 N, R.35W.

AND CHLORINE ENCOUNTERED IN UNDERGROUND WATERS.

SHOWING THE PROPORTIONS OF CALCIUM

mine waters plotted thereon.

Ch: oX ati St. M
allenge exploration of St. Marys Company with the concentration of the

Fig. 59.
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A sample, very salt, from No. 9 vein east cross-cut had Sp. Gr.

1.009 to 1.012
6.600

B 07 PP 2832 CaCl,....... ... .. 7.881
Alkalinity as Ca CO,. ..o 004 CaCO, oot .004
SO, 080 CCa SO, 120
Na (computed). ... 1.010 Na(Cl.............. . 2.569

10.57

10.576
Total solids (ignited)... 10.362
Ca @ Cl=0437
- Na @ C1=0.149
No. 7 vein in the east cross-cut gave poor field tests Cl 34847
‘ Ca 2324 (72.32)

F. B. Wilson found
1.015

refraction equivalent to Sp. Gr.
This agrees well with a later test, but is not on the Baltic lode
perhaps.  (See Fig. 59.)
Dr. M. L. Holm, State Bacteriologist., kindly made additional
tests of the Challenge explorations. His report follows.

Lansing, August 31, 1908,
Laboratory Dept.

Dr. Alfred €. Lane, State Geologist, Lansing, Michigan:

Dear Doetor—In submitting this report on the series of mine
waters received August 28th, it will be necessary to outline briefly
the methods employed in the analysis, in order to make these re-
sults infelligible for your interpretation.

These samples, consisting of from 10 to 25 cc. each, would not
permit the use of any of the standard methods of analysis, as we
have no standard methods adaptable to so small a quantity. It
therefore became necessary to devise special methods. for this par-
ticular series in order to get the greatest possible accuracy with
the least possible quantity of water, since only such very limited
quantities were at hand.

The chlorides, reported in terms of Cl.,
Jows,—30 cc. of distilled water was placed in a 200 cc. flask and
carefully sensitized, K,CrO* indicator was added and 2 cc. of the
mine water was run in from a carefully graduated pipette. This
was then titrated with a standard solution of AgNO,. If the 2 cc.

did not require sufficient quantity of standard solution to permit
of accurate reading, more mine water was added in 2 cec. quanti-
ties until sufficient was used to allow for a fairly accurate reading.

were determined as fol-
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I cases where the limited quantity of wuater
require an ¢ C of standar St
]'e‘zd. g 11}1 mmum.. of standard solution for reasonably accurate

(' mg. the quantity of chilorine was reported as “rr‘l(’é no
—[‘lle q ! ) ) > = ¥ A e,
! H.S was next determined by placing a dr 1 i
water o' Slter popes L A ‘mg a drop of the mine
aper prepared by moistening in ¢ /e i
; § m a 10% solut
of lead acetate and dri 7 ] . esent 10
ad acetate dried. Where sufficier [N
. Te sufficient IT,8 was present to pr
duce a distinet brow ' X o estematod
: stince own color of Pb&, the H,& i
, . the HLS was designat S
( : ! . LN wag signated as
pll; {-+). and as the color deepened, morve pl y (

mdicate the increase antity .

" )e; the increased gquantity. Where no coloration of the PbS
11];] o(imled, the H,S was designated as minus {—). Several of
hese waters contai an g i prec .
s llels contained an appreciable quantity of precipitated sul

- and ve 1.8 i y
puur G yet no H,8. It is probable in these ‘ases that the sul-

phides had decomposed. ' h

fl\ll , (AFe s T (T 113

. 'e water samples were next acidified with HNO, to dissolve all

a Clu o -6 & ] « 3 o - !

: rn{l present as carbonates, and filtered. A carefully measured

uantity, ranging from 5 to 20 cc. ; ’

Y, ing 15 1o 20 ce. in each cas :

. :C. Iv case, or as much as tI
size of the s > W i tal aline
e € sample \.\ould permit, was then taken, made alkaline

~Hy and precipitated with NH,C.0 This precipi
o wnd b 200 This precipitate, of

o ,t f,. ring down, together with the calcium, any quantity

resent g i ' d
(I)f o q0 iron and aluminum. The last two named elements would

1’1'\ o 3 (A :

b e, ]not appreciably affect the results where the quantity of
o lx as arge., but where the quantity of lime was found to be
y low, th(.e interference of these elements, iron and
must be considered in interpreting the results. T

was not sufficient to

us signs were used to

aluminum,
he precipitate
. e was
ne?(t carefully washed with distilled water and titrated with & KMnO
After the titration, 10 cc. of 59 3 O where
Ser ' » 10 ceo of 59% KSCN was added, and where
cient quantity of iron was present to give a distinct coloration
the same was determined colorimetr V ?

ically, as shown in the r -
Where sufficient quantit ir ive di R,
L quantity of iron to give distinct coloration was

not present, iron was designated as minus (—)
m 3 2 ) :
The following is the report on the v

. : arious samples of water sub-
mitted with their findings: ( e
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- S ‘ “1ei Hydrogen -
Chlorine. ! Calcium. ‘ Siiphide. Iron.
(‘hallenge mine. parts per million :
No. 406, Pumyp Station. . ... .. e 10,000 70.000 — —
Depth No. 407, 1st level, Ist vein. . ... 40.000 33.000 + + —
No. 408, 2nd level, 5th vein 16,100,000 [2,000.000 + —
No. 409, 3rd level, veins C & Do ... 2,200.000 550.000 - ] -
No. 410, 3rd leve}, 1st vein. Drift 3. No. |
X CUb. s PR 775.000 90.000 + + + | -
No. 411, 3rd level, 1st vein, No. 1 x cut
SOUtH . ot 1,150.000 170.000 + + —
No. 412, 3rd level, 1st vein. ... ... L 1,150.000 250.000 + -
No. 413, 3rd level, 2nd vein. ............ 1,000.000 130.000 + + + -
No. 414, 3rd level, Sth vein. . ......... .. 6,800.000 2,370.000 — —
No. 415, 3rd level, 6th vein. ............ 7,350.000 |2,600.000 — -
No. 416, 3rd level, Oth vein. ............ 6,300.000 |2,060.000 - —
No. 417, 3rd level, 10th vein. ........... 6,400.000 {2,080.000 — -
No. 418, 3rd level, 11th vein. ........... 6,000.000 |1,800.000 - —
No. 419, 4th level, 2nd vein.. . ... .. 2,300.000 315.000 — —
No. 420, 4th level, 3rd vein. . ........... 5,000.000 |1,800.000 — -
No. 421, 4th level, 4th vein. .......... .. 9,050.000 [2,840.000 — —
Winona mine.
No. 422, 4th level, No, 3 shaft .......... Trace 160.000 — 5.000
No. 423, 5th level, 3 Shaft S. ... ... ... 2,050.000 260.000 + 3.000
No. 424, 6thlevel, 3 Shaft N......... ... 100.000 120.000 + 10.000
No. 425, 7th level South. ... ....... ... ... 225.000 106.000 — —
No. 426, 8th level 8. 3 Shaft... . ......... 125.000 320.000 -+ 6.000
No. 427, 9th level 8. 3 Shaft...........0. 250.000 106.000 |+ + + + + —
No. 428, 10th level 8. 3 Shaft.... ... ... 300.000 120.000 + 10.000
. No. 429, 3rd level N, 3 Shaft..... . ..., Trace 53.000 — 1.000
King Philip Mine.
No. 430, 5th level, No. I Shaft........ ... 406.000 120.000 + + 5.600
No. 431, 6th level, No. 1 Shaft........... 900.000 260.000 — —
No. 432, 7thilevel....... ... oo 2,850.000 853.000 — 1.300
No. 433, 8th level, No. 1 Shaft........... 15,250.000 |6,820.000 — —
Respectfully,

M. L. HOLM, M. D., Bacteriologist.
F. W. SHUMWAY, M. D., Director.

Very noticeable here is the fresh water found near the great fault,
nearly a strike fault, shown in Figure 59, which is thought to have
displaced lodes A and 1, while the other veins 3 to 11 have about
6 per thousand of chlorine and perhaps show the normal salinity.
Evidently, however, even at this moderate depth we have the middle
and not the upper waters. The lodes 3, 4, 5 and 7 all showed some
copper, almost an encouraging amount.

The following are some additional field tests (not reliable). The
Nonesuch mine water in September, 1908, has about .016 CL, .043
(Ca Mg), .065 CO, when Iron River just above, not leaking in had
029 Cl, 030 (Ca Mg), .045 CO,.

SURFACE WATER.

These above are mine waters proper. In my annual report for
1903 and in Volume XIII, Proc. Y. 8. M. 1., will be found many
analyses of surface waters which have an interest in discussing the

43
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problem of circulation. e need not repeat them all here. From
them T derived as g normal surface water aualyvsis in the copper
country, in grams per liter.

Cloe 0.0035
Ca 0.019
Mg 0.004
N 0.0023
SO 0.010
COL 0.040
SO, 0.006
(FeAl), O, ... . ... e 0.0015
0.0863

WATBR FROM DRILL HOLES AND WELLS.

In a few cases (more of late) samples been obtained from flow-
ing and other drill holes, They are, of course, free from mine con-
tamination.

Freda. Dr. Koenig also made some tests of the water of a deep
well put down in the Freda sandstone at Freda by the Copper
Range Co., which, with the record of the well, are given in the 1903
annual report, page 165. Tt is worth remembering that this is by
the side of Lake Superior, five or six miles from the traps of the
main copper range in the formation which I have concluded to ecall
the Freda sandstone, the western sandstones of some writers, the
Upper Keweenawan of Irving.  The well all the way down was in
red sandstones, red clays, and fine grained conglomerates, with a
good proportion not only of felsites but of grains of more basic
rocks. Jomputing the figures in jons we have:

OF e 40.42
Na oo 7.60
Ca oo 16.04
Moo BT
Mg oo e 03
Koo 30
Brooo T 21 to 350
65.17

Na @ Cl=0.173

Ca : Cl=0.396

Sp. Gr. 1051 or 1.049

—_—_— —

Midland Chemical Co.
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It is worth noting that the much deeper wells at Lake Linden in
the Jacobsville sandstone are not reported to have struck any salt
water and the analyses (1903 report. pp. 163-164). show only a few.
52.69 parts per million of salt (sodium chloride). It is said, how-
ever, that the 1200” well at Grand Marais struck salt water and cal-
ciuni chloride springs at Whitefish Lake are described in the report
for 1908, page 18. .

A well at Pickford put down in 1907, whieh reaches down into
the Potsdam sandstone and has a Ieavy flow of water below 1.000
feet, probably at about 1.400 feet, gave Prof. F. 8. Kedzie

Na Cloooo 0.5148
CaCOy oo 0.2029
Ca 8O, ..o 0.075
Mg CO, oo 0.0038
800, oo 0.0072
Difference ...... ... ... ... ... .. .. ... ... 0.061~
Total mineral constituents .. ... PR 0.9647
This would give us 1 2
Cl oo 0.320 304
SO, oo 0.053 120 to 50
' A67
Ca oo 0.103
Mg ..o 0.030 072
CO, o 0.196 Hardness A15 to
SO, oo 0.007 821
Na oo 0.195

Field assay tests on a nearly similar sample gave the results
of column 2. 7 '

A drill hole (No. 10) put down by the Calumet and Hecla (Fig.
36) was very soft. Tests gave

Ol . 0.016 say 0257 Na Cl
Ca................. ... 0.0126 say .0334 Ca CO,
Na................. .. 0.014 requiring .0009 Na CO, or silicate?
SO, oo tr trace Na, SO,

Ca : Cl=10.79
Na : Cl=0.87
This is a characteristic upper water as there is not enough chlo-
rine to combine with the sodium, to say nothing of the ecaleium,
yet after all it is so weak that we can not suppose‘the middle
waters made by a mixture of it and the lower water. It is notable
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that in presence of sodium in exces

s the amount of ealei
T odi : . , calcium carp-
€ 18 Just ahove that of saturation when no bicarhonate is
present. | ( "

On the other hand a salt water h

as just been struck in Sout
, ! : salt ; 8 : South
Lake drill hole No. 2. Section 3

T. 5 > - s :

« o910 R. BT, whieh is sai

re dnil 7 : . R. 37, s said t
have deposited copper on the rods. hore

2348 feet depth. It gave Dr,

It came from shortly ahove
Koenig the following resulis:

Ca Ol ........... ..

)1(1 ................ 11.‘?6%

Fe, O oo o e ]4*‘4

so, i

Mg oo ;

Sp Gro T 1 ) ‘
Whenee T 1097

Cl=84 per thousand
Ca=—42

Na=15

Na : Cl=0.084

Ca : Cl=0.50

‘ This is a pure lower water in ratio, diluted
remnant of the water used in drilling,

fo(iear’b:y, Belt minf drill hole No. 5 flowed freely nearly one cubic

a minute (T. 45° F.) and the flow is probably below 127 feet

B b

between 112 and 180 feet vertically. There was found

perhaps by some

géh ...................................................... 0.264
Hardness as G LT 000
Alkalinityas(]a.......‘......‘.....' ...... 0.010
With €O, ... ... .. 0.015
AlkalinifyasNaz..................... ...... 0'012
With CO,e

Its softness relative to the chlorine is ¢h
of the middle water which is evidently

A well in the Freda sandstone, I belie
wood Lumber Company at Green
feet from the shore of Lake Super
it is reported

aracteristic of the top
high,

ve, put down by the Green-
; west of Ontonagon, only 1000
1or and 100 feet above it yielded
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This like the Freda well is so related to the main range that one
might expect artesian conditions which might force (in case fis-
sures were present) salt water up from the underlying Keweenawan.
Mr. Weidman also informs me that the salt water reported by A. R.
Schultz from the “Potsdam™ at Osceola! is really from the underly-
ing Keweenawan. Whether the salt licks such as are listed in my
report for 1908 derive their salt always from cross-fissures and are
thus a sign of faults remains to be seen. They indicate something
abnormal. For instance, Union Springs in the Porcupine Moun-
tains has only 3 milligrams per liter chlorine and about 45 of CO,
but not far off on Section 22, T. 51 N., R. 42 W. is a salt lick.

§ 6. WIDE SPREAD CHARACTER OF THE CALCIUM CHLORIDE WATERS.

We have already called attention to the fact that calcium chlo-
ride water occurs not only throughout the Copper Country, in the
iron country, in all the ranges and at Whitefish Lake and Pickford
which is at the eastern end of the Upper Peninsula, but they are
world wide. Numerous analyses of such waters will be found cited
in my previous papers. I give as examples here one or two which
came to my attention in the current year (1909). Dr. M. L. Holm
made for me an analysis of the Fischer well, Mt. Clemens as fol-
lows, in grams per liter.

Fe .o 002
Al 182
Mg oo 4.481
Nar o 34.338
NH, o 103
CP 94.785
SO, e 585
B e 304
GO e 126
Ca® e 16.4

Sp. Grooat 155° Co.oovoonnnno 111
Ignited solids ........... .o oot 148.380

Ca : Cl=174

This may be combined for geological purposes as follows:

1. S. G. S, Water-Supply Paper 114, p. 240.

2Including potassium, but this was very low.

3Bromine 0 by comparison of gravimetric and volumetric tests.
4Directly determined, being precipitated as lime water.
5Strontia 0.
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)

Molecular Proportion.

Fe B, (CO),.. 006 000035
Al Cl 893 00335
Mg Qoo 19052 200
NaClo L 87003 1.493
NH, ¢1 ... .. 305 057
CaCl, ... .. . 39.981 3515
Ca 8O, ... .., 809 0061
CaS . s 0095
Ca H, (COp,.. 169 0010
Ca O, Hy,.ooo ol 3100 0419

151.275
Substract Volatile solids

HS o 309

NH, €1 305 )
CO, o (192
H,0 of ¢4 O,H, 155 1.509
Resul -
ult 149.766 non volatile
it . solids? to be compared
148.38 actual residue

It is possible ¢ i
S possible that a little Ny (1 o i
also oxigapie | ﬂle(imn 1 )1(1 (],1 goes over on ignition, but there jg
: and alumina and tyrapef -
o ttion of : : ransfer of any chlorin
Oﬂ]lé]’ (h ) be combined with them to the caleium and proh b]e
* changes to be s . ! e ( i
o df ges 10 be allowed for, It seems to me pmb\lll that !

Crfectiy fresh deep-ses rat this tyy ’ ain e
L (O,hw ' deep-seated water of this type would contain eno(l I(
- convert -3 w1l . 4 . s
e all the caleium hydrate shown to calcium sul )h'(gl5

2% €8capes i bbleg fhe ) ine
an allals tapes in bubbles as the water rises in the w I ing
an alkaline wuter, While this water tai Witey o
b e it . R ovaler contains caleinm  chlop

) o e : chilori
ey ] : ]dltfem widely from the Copper Country wat d‘;:

Ably In the greater ame . a sulphur eontoime,

J) > g amount of magnegis \

I Chae great agnesia and sulphur contain
(amm-idz(f,l tex {X .‘\’111 be found references to analyses of ¢a] 'ed'
: ¢ Trom Chili, from New Jersey and from (}er‘ixnﬁ) e

. . [¢ v.‘

§7. GASES IN ROCK AND WATER.

. N
The only scientific investigation of th i
mine water is that of R.T. £ wh fom ey o,
. at - T. Chamberlin:

ing the core gt 524 foot. Trs ) . Wwho found that op heat-
driven off » Franklin Junjor drill hole No. 3 there was

P Y
TGases in Rocks (1908) pp. 20, 33-34

e

i ey
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h i i i } | i]iatfio volume

! SO, L e H. N, | of gax to

E H.S ! CO, ! O ] CHy H., Ny 0] ‘ rolame

i i | | | of rock.
- } 5 | i : |
First heat. ........ ... .... FO.00 0 1.30 1 091 .09 . 2.34 .05 01 3.88
=econd heat six months later. 0.00 | 1.33 {1 0.08 | 0.03 © 0.43 | 0.05 | 1.92
Third heat one week later.. ! 1 i 0.5; | 0.12 | 0.02 r 0.79

i

0.12 ‘ 0.00
|

These gases Chamberlin thinks are partly due to reactions in
heating, of ferrous minerals and those containing water, partly to
ocelusion or possibly decomposition of carbides, very little to in-
clusion In actual cavities. But it is worth noting that inflammable
gas was found in the Silver Islet vug and in the Tamarack Junior
niine water, and that on unwatering the Old Delaware mine a gas
explosion took place.

Moreover, Capt. W. Wearne told me that on unwatering the old
National mine in Ontonagon county at about the 40th level he was
burned from a pocket of gas in the roof of a stope and that there
was some gas in the old St. Clair when the Phoenix opened it up,
but he had never seen gas in a new mine, and that in unwatering
an old mine there was always a water line marked on old stopes
and drifts showing where gas had been confined above the water.
My general impression would be that the gas was produced from
the reaction of water on the rock, most likely on the ferrous salts
therein.

§ 8 DISCUSSION,

No one can be more painfully conscious than T of the uncertain-
ties of all the mine water work. Uncertainties that avise from
human contamination seem not to be as serious a source of error
as I feared but account for certain discrepancies. Uncertainties,
also, avise from defects in analyses and evaporation of the small
samples which alone it was practical to take. But the greatest
source of error may be the circulation which is consequent on the
mining operations themselves. We can never be sure that we are
dealing with the water that belongs at a given level and lode and
not water that may have followed down recently from above on the
one hand or come in from the wall rock on the other hand. In
fact as we go through a copper mine the damp places where there
is real dripping are the exception. Had 1 but realized sooner that
by soaking the rock one can get a solution strong enough to analyze
we could have had better systematized results. As it is, T place
very little reliance on any particular sample of water being charac-
teristic of the bed in which it is supposed to occur or the exact




844 KEWEENAW 1S :
SERIES OF MICHIGAN. KEWEENAW SERIES OF MICHIGAN. 845

ave thrown back upon the supposition that this ratio was that of
the connate water that pervaded the formation. But is this pro-
portion inherited from an early ocean? I once thought so, but this
could not be if the Keweenawan was a land formation.

Is it due simply to a tendency to equilibrium in presence of the

del}nh :.\r which it s supposed to come. While the summary of re.

sults SN . P9, . . 9 !

11 I; given m o x 2 above will he found. T think, firmly established
ivothe s -1 . ; ' | k
2 the n.m.ss of evidence. vet there are Interesting points that need
farther investigation, 4

In these copper mj ater inni
o these ppe_l Iine waters, beginning at the top, we see a

1 J}npt an'd px‘-act](-:llly complete elimination of the magnesia which
’\I\‘]e. ound in other regions in the chloride and in the surface waters
This n‘m; be associated with the oceurrence of secondary chlorite
replacing even felsite in the Calumet and Hecla boulder and other
secondary minerals like prehnite.

Near the surface and in the zone of vadose, that is circulating
3 SR LI 213 3 3 3 i & i 3 ; -

1\\.41(1,\ the ratio of lime to chlorine is very irregular, sometimes
1igh s gl 3 o Se o '

*}I,h }']]d sometimes low. See, for Instance, the upper analvses at
the Winona, etc., by Dr. Holm. This is, however, only where the

]chlorme itself is very low and we presumably have a mixture of
fufd surface water. As we get to the bottom of the circulating

\x'a el.*s, however, the ratio gets low, not merely because the chlo-

rme 1s greater but because the lime is less.  See, for instance. the

analyses fr T ¢ V ¥ De :

;m; ){Oe:] f1 (;m tﬂ;]e iecmnseh and South Kearsarge. This mav be ' such percentage of salt as we have here.

he Tact that we are free fr i i or ' i ‘ |
fove to e fact that o jl.ee from the influence of water per- Against the idea that downward working surface waters pick

3 ] al’o ( o 3 - 1 T 1 i i i

o gh e eous drift, or it may be due simply to the up sodium chloride to become salt, and then later add calcium

containing rock?

Then should it not vary more than it does in soda and lime mela-
phyres, and sandstone and conglomerate? There is, to be sure,
some sign of difference here and perhaps a slow ionic migration
tending to bring all the water to the composition which is in equili-
brium, will account for the facts. Or are we to look to some Ke-
weenawan “Great Salt Lake” which determined the ratio?

As to circulation producing these waters (1) the surface waters
pick carbon dioxide near the surface and after they have dissolved
enough to satisfy these acid radicals, they are soon saturated, and
have relatively little solvent power further. It increases, of course,
slowly as they warm up. and they might attack silico-chlorides in
glass. But analyses of hot springs of circulating water show no

(lizs Higizgllllljb;e?]flgc?;‘;)to?jt;ieigge lf))]fczt;?j?natesf' ihe extra.‘ ?al‘b.ol’b chloride we have independent ,of chgmical arguments two lines of
calcite and silica, leaving sodinm Cal’bonatum 8 Kldtt.‘v Pl‘eflpltatlng ! f?c‘ts. The ‘01'der 0{.’ attack of the ‘trap's, as m1cr0scop.10 thin sec-
line reaction of S7OIIle ofbfhe wﬁ tors Suw}ésisnils‘o ution: The alka- ! tions show, is thz%t .hme an.d magnesia minerals are earlier :%ttacked
But then, rather suddenly as we s’rr?];e the 1')1?;1(1] » than thosfz contam'mg sodlu‘m and. moreover, the hyc'irous lime sec-
times as in the Baltic lode é]ose to the rock surf—l ) € “.‘HCI‘,» .SOmPf Ondf11=)' m].ner:lls, llkg prehnite, e}ndotg, qud laumontite precede the
Franklin Junior, as deep as the i7f/]1 level :]'C‘}% a((igam as in the j sodium n;une.rals, which are'copﬁn‘ed ro'the upper levels. .
“tration and calcium to chl e o we find the ?Ql.lce'll- “ (2) No simple upward circulation of the calcium chloride water
: ovine ratio both rising suddenly. Within 5 can explain the facts, for water eannot dilute itself. Suppose, how-
a few hundred feet the ratio Ca : Cl becomes over 0.4 b - P ' PPOSe,
after it rises but lttle and I doubt if it ever exe 11 0 :4 0 ut 111§1‘e- ) e\'elj, we -assume t‘hat there are two types of water concernefi, one
analyses which go more than that berino“ )e‘rha qe‘?f S) = ﬂle few b.u.rled with th(.e strata and that there hz}s also been water cu*‘cula-
ratio 0.483 which is just the ratio wlTi C}I o Di lllfatﬁlll'f}ie. The . ting or S'H(.‘,ke(.i in from 1’}1@ surface, we still have a number of differ-
Ca, Na Cl, is approached wi{'hin the Ii il ‘}OU( lndlcai,e a salt ent possibilities to consider.
coﬁsider that Br is often 1'nclﬁded w(%fhlm]]i 0¢ ac?ura(‘:y (when we (3) How far have the waters been concentrated by hydration,
one per cent of the latter) in a ;"l’eat ‘m‘fnl O“rie and) 18 often over absorbing part of the water and leaving the rest stronger? This
no reference to any such salt = o ry (iabes. Lut‘ I can find is certainly a factor, as the computations of Chapter II, pp. 84-87,
L e Al or any solution of this constant show quite plainly.
composition, either in Van Hoff or Hahn, nor any known chemical ‘ (4) How far (;‘111 the excess of sodiuvm in the middle waters be
reason why the calcinm chloride water might not be stronger. Indee ' ‘?, e . u . s eirenlating water
Hahn’s tests on evaporation brines })Ointbto R ger. in L(ﬂ accounted for by supposing that the upper circulating waters to-
elimination of the sodinm where fho cales a 1)1‘1%171“1’”)’ complete ward the Jower range of their action not only dissolved more, but
ctaicim magnesinn chloride lost more by hydration thus producing a stronger water, which

solution reaches a concentrati : - om ‘
i : ation of abou . . . . X . . .
370 per thousand.  So we mixed with the lower waters might account for the middle waters?
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A study of the analyses even at several hundred feet depth of
waters like those at the Medora shaft Kearsarge No. 21, ete., shows
that x0 Tong as there is really active circulation, absorption of the
water by the rock does not tend to increase the strength half so
much as actual solution of rock material. The waters change in
conmposition, bicarbonates becoming Jess, chlorides more important,
sulphates going in and out but remaining very fresl compared with
the deeper Tvype.  Lven in much reddened and hydrated rocks the
waters are fresher rather thay Stronger.  Compare those of Isle
Royale, Section 12 with those of the Superior mine nearby.

(3) How far are the middle waters to he explained by ionie -
gration, the sodium silicate or carbonates of the upper circulating
water zone being caught by the caleium clloride and precipitated
as caleium silicate or carbonate while the sodium chloride remains
in solution ? . v

This is certainly a factor of Importance. Yet jt seems to e that
it this were all, the border line between the fresl circulating, and
the deeper waters would be sharper than it is. We should have
calcium silicate common instead of rare. Top the calcium alumi-
num hydrous silicates actually formed we must look to reaction
with the rocks as shown in § 2,

The theory that explaing all the facts Seems to me more complex.
It assumes original (connate) water and circulating  ( ‘adose)
water, and it assumes that both are sucked in and react with the
rock and with each other. As one of the products of these reactions
is copper, further discussion nmay be put off to the next chapter.
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CHAPTER VIIIL
THE FORMATION OF COPPER.

§ 1. THE ARTIFICIAL PRODUCTION OF COPPER.

e 4 brief acc bf some ex-
It will be convenient to repeat here a brief account of

i ichig: “ollege of
iments by Dr. G. Fernekes then of the Michigan College
et oy of D i i » succeeded in forming copper
Mines, now of Pittsburg, in which he sueccec g (

) / 1 i < i raters.
from chloride solutions such as the mine water

FERNEKES K YERIAME {1 RTIFICIAL. PROD I'T OF COPPER.
R C PRO C ON
1R. ERNEKES NPERIMEN N A

i ’ - his work
These he has already described.* We may sum up 1l ,

modelled after Stokes,? in a diagram as follows:

To water in sealed tube were added

i e al with
Cold water | 18-inch Solution of ferrous chloride FeCl, nearly neutral wi
“old water -

s tube sodium carbonate.. . ‘
-J“l Clljifl of Few crystals potassium bromide X Br.
&11()) er glass .2 gram cuprous chloride Cu, Cl,

I?i Elled [ 5 grams calcium hydrate CaO 21‘-1_
- 7 “  carbonate CaCO,

—_ —| with or al A u(
Lower end or “ silicate Ca SiO,

water ) .
in sand and or prehnite H,0, 2Ca0, 2A1,0, 3$102‘
both at | oqjed. or datolite O, BO;, 2810,
200°C. to in fine powder.
280° C.

Dr. Fernekes then describes the following reactions as taking
place. B
— | 1. 2 FeCl, + 2 CuCl, = Cu,Cl, + 2 FeCl, cooler

hotter | 5 9 ReCl, 4 Cu,Cl, — 2 Cu + 2 PeCl, end.

end. 3. FeCl, + 2 H,0 = Fe (OH), Cl + 2 HCL

i 7 hes 3 ions like
Now in Stokes’ experiments in unequally heated solutio e
i : i sed,? is equations
this sulphate instead of chlorides were used,® so that his eque
were:
!Economic Geology, 1907, pp. 580 ff (II, No. 6, Sept.-Oct).

.7, July-August).
2Ec¢ ic Geology, 1906, pp. 644 (I, No. 7, y 1
3}1%5838;?;: (;:glogy, 1906, p. 644 (I, No. 7, July-August).
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B — —
botter | 4, 2 Cusp, ~ 2 p
endu P4 2 CuS0, <« 2 FesO, — ' cu, 50, - e, (30, |
5 Cu. s — " Cus0 . A
Uy 3O Tmmm——— Cu 80, ~ (y ; C“de
\‘ S
hotter Fe. O |
: e.g 43 Q —_— |
end | 3 H, 50, <~ 3H.0 - Fe, (50,), | cooler
T end,
There is another experimient by S |
3 ent by Stokest of interest to us to-wit:
hott{er ous i 5)
e 7 ) 3CuCl —— |
nd, 7. AuCly, + 3 Cu 1 ' : ) i | o
. Au + 3 Cull, ' end
_ _—

lev\;]: (1)]11133' a[l)p]lu\;L this to the silver which we find mo
® Ol and later than, the co " Whi i
‘ an , pper. While silver
glsol‘uble 1jc 18 soluble enough in these str Do
1e following reaction slowly to go on

St in the upper
chloride is quite
ong chloride solutions for

i |
hot’colel. I 8. AgCl + Cucl (T Ag + Cucl N
end, 9 “ 1 Fecl, |
> Lo - A ler
eCIZ< ©+ FeCl, ' Cgl(:du

Now y rnek
) o ;l(is all));.e ;I“ezlelses remarked, the copper shown in equation
T e e Csl ssllecthflfbecause itwwould be attacked ang re-
agle)nt s addod (o o). ee by reaction 3) until a neutralizing
0ssibly in nature electric currents op
o L IT S Or very great lengt}
and o I(;;V ;;:;ilgss n;;ih’fr'take the place of such ban agentzj“l;uiftflgﬁs
Ve wone s im(; tlotn Suggested by the geological conditions
—ere “yithb ol a}e. (In nature the copper is persistently
o oated v Surf;lcelqu?)lf Larbc.n_lares or silicates and often deposite;i
oy o o Th;s 7 calcite.) This was the neutralization of
RO s Wm] p (‘;‘ gs sruccessiiul, first with ealeium hydroxide
o powaered o _Ja._ » then with caleium silicate in the for |
volilastonite, Copper was deposited within 10 tomllgl

minutes heating at 200°
time. g C. Complete precipitation took g longer
g

Sodium carbonate was also used

e Y - - .
i‘ 2 118 ad(i then 10 U]O tl C Treaq ‘11)118 1 e} abO e o
iree r Ve one more

10 2HC + Ca [OH, —,caqy o+ o [ H.0
) » + 2 o).
Ji él Oog T { 1,00,
s LHO + sio,

Th 0 P et
. e.abO\e reaction worked freely and ra yidly :
own in a fluffy mass ( e
‘Mh‘hxxl A
'Loc. cit., p. 650, B

the copper came

—
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To obtain it crystallized it seemed natural to use a less soluble
nentralizing agent. The following minerals occurred to me from
he geological conditions as especially worth trying:

Labradorite AD* An* to Ab, An,

(N, 0. ALO, 6 RO, + 1 10 1.5 (2020, 2 AT, O, 48i0,)
Prehinite, H,O0 ALO, RiO, = 2 (Ca0, ALO,, 8i0,)
Taumontite 4 H.,O0 (Ca0. ALO,. 4 Si0,)

Datolite H,0. 2 Ca0O B, 0, 2 Ri0,

Pectolite (Ca. Na,H,) 8iO,
Analeite 2 H,0 (Na,. Ca)0. ALO,, 4 R0,

Labradorite and laumontite gave no resulfs.
fact neither are intimately associated with copper, the labradorite
oceurring in the fresh unaltered trap, and the lammnontite, though
a secondary zeolite, being notoriously a bad sign for copper, though
at times psendomorphs of copper after laumontite do oeccur.

On the other hand prehnite and datolite both gave positive re-
sults, and both frequently oceur in nature colored pink with finely
Capt. J. Vivian had a wonderful collection of
are often coated with

As a matter of

divided copper.
fiesh colored datolites.  Dlatolite nodules
copper.

The tubes were heated intermittently, for 10 hours a day, the
heat removed in the evening, and again applied the next morning.

After heating the solution and prehnite in this manner five days
A portion of the side

a5

an explosion took place at about 250° C.
of the tube about 5 cm from the bottom that is «t the hotter end,
was blown off, leaving a cake of mineral underneath, which could
be seen under a hand lens to be interspersed with shiny particles
of crystalline copper. That they were such was proved by tests.

The prehnite had become much darkened, and the particles of
the mineral were stained red with iron oxide.

Dratolite was acted on in a similar manner for six days at the
end of which time minute crystals of copper could be detected
throughout the mass of the mineral.

It is profitable to consider the reactions from the point of view
of electro-chemistry and jonic dissociation. There is this extra
justification for this that experiments by J. M. Longyear and W.
W. Stockly have shown measurable differences of electrie potential
near lodes, and abnormal magnetic variations are not uncommon.
In fact from the almost northerly direction of the main shoot of
the Calumet and Hecla deposit and the great sensitiveness of
copper to electricity it has been suggested that certain electric
currents were the determining factors in its deposition. There is
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some indieati -
e (111109 not only that the Copper in the Calumet
H SO Hes : 7 ; e
viched in o ]]m;]u.\ north, hut that other beds beneath P
c hand or zone across t ! ‘ : SR
N 011‘] ZONC Across the formation, whose horders 1'(1?11:1
: 5 . e general cours ‘ |
rorth , se of the (; ¢ C
conglomerate shoot i« shown on Plare 1Y et gt Herta

-

&lor The west line is

north and south g shown,  thoneh ot ot e i S
<

found outsi a4 rich spot or rw Lt
side—one at = . . Vo lhax heer

less fhn ‘e—one at 7000 feet in Sonth Hecla. To the soutl ’_01
an nine miles i+ o . d. ¢ south

mnwrd-;]m-d ne miles it changes itg character becoming o | m

sh 1'1‘: ‘ hi ]C(mg]”mmm‘@- and in one of the 7T unar hl (] .

SHArts whie . . Lamarack .

; .]“ mark the other side of the sho t i - Lo

inches thick and Dlack. - SHOOT 1T was only six
Schematieally w ] '

e atically we may express the reactions above in 4
gmning and final products avove in terms of
1 2T e( '

' =FeCl, + 20u01 4 30ax;
2@ =~ » - a{'aN — O . )

+ 3Cacl,, T BCRSIO, == 2Cu + Fe,0, 1 38i0,
That this - )

I8 reaction, whiel i
: Is only a sliol s
suggested 30 vear L sUght modification of 1]
which native EEIS 38"(; by Pumpelly is reallv schematically one l?;
. e pper has been for o R
. s ormed seems
clusively proved by the facts: " to me almost con-

1. Dr g
Dr. Fernekes Lag shown that it actually

) takes place.

2. The end producis are actually th ]
o O ctuall; € common pr S
e;rz%,j Sa:izdz;g:f;ﬁ—h(l:flﬁdant I(jmzstituent of the 7/1}/1?;122(1;2227'0]? e
tis i At the caleinm or sodium silicate ; Iy i
more s ders st th ‘ 111cate is really
i ]S ]Ii]rl(](ll;]“‘)l(;]:l;]e; )and 20es Into more complex molec;lel:
molecuns 1 ep{dot(f 1(?,1'1{(: 11-<?n and silica may go into other
may be some ferrous thaizuil(:l III;T:’ a'd . 1ferr0ns e e
we compe | sl e, 1 - I8 mmportant to remembper {]
N i re;(‘feil;igpé]:)[(lltm,tvs what are really probably ethemeilglt
may be & gory ,de;”; . ); \J:e h'ave to consider, which end products
Another in 1ie1'esﬁn:»’ lsell;lese (3)13 sz]l mc'e'
livan 10 e é ‘)b series ¢ CXpernnents are those of E. ¢ Sal
o e “:;:e:r]]]d.:tl”lf TR, G(-aolog'ical Survey on the J'utera:—
e of i ;1.(6 11(—1 \\;.lte-r so.]ut]o‘ns, The points whiel seem to
otntiom ot ﬂl,m e 1211 ‘the feldspars tend to produce alkaline
o o fr(,)m ,“:)L d:se and a whole string of silicates tend
was mot et 1o jmv*l v(b}n]‘phate) solution. But native copper
especial ned nov  0 ved in the reaction, which {and this is of
1 nee) goes on only in an alkaline solution,

Another of thege Bulleting (49) by Frank K

James M. Beli on the actio f Cimeron. and
action of water and aqueouns solutions on

s0il carbonates i (i
S ]S g % 3 3 3 3
of catein e of.lnfelest especially in showing the solubility
] arbonate in sodium chloride and gypsum, being a n :
Ypswn, 2 a maxi-
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nmum at about 40 grams per liter of Na Cl, being less for greater
and less concentrations. This will explain ready migration and
solution and precipitation of calcite in the zone of middle waters.
Lime is more soluble in sodium chloride than in pure water (Table
NLY) and also it is relatively soluble .in hot strong solutions of
caleinm ehloride (Table XILITIL, loc. ¢it.) so that it may readily
be precipitated from cooling solutions of the deep waters.

$2. REACTIONS OF ROCK AND WATER IN THE KEWEENAWAN.

We have then only slight modifications to make to adapt the re-
sults of Fernekes to the conditions under which copper occurs in
the Keweenawan rocks, this great series of ancient lavas separated
either by originally porous scoriaceous lava tops or agglomerates or
ordinary sediments.

Whether deposited beneath the sea or on land is not really
essential to the argument. The pores would be filled with water or
gas. Chlorides are associated with lavas and enclosed in them is
glass.

Tt seems safe then to assume that some of the conglomerates and
some of the amygdaloids were filled with water—and it also
scems safe to assume that this water contained some chlorides.
even though not so great a ratio as at present. When the next
lava flow would come over it it would be heated. But the amount
of heat given off at once would be but a small proportion of that
wlich existed in the lava flow, as lava is a poor conductor and
quickly chilly at the surface while the inferior remains hot. In
fact one ean walk on the surface while yet the interior is so hot
that a walking stick thrust into a erack bursts into flames and the
cracks produced by contraction and cooling show a dull red heat.

As I have elsewhere pointed out® in case of lava flows 240 feet
thick there is some reason to think that it may be 20 or 30 years
before consolidation at the center was finished and that it was
nearly 10 times as long before the temperature at the center would
drop to say 100° C.

In the meantime no doubt many other lava flows might have
come. Much of the heat of the lava would probably escape upward,
and since the specific heat and heat of evaporation of water is
very great, and the diffusivity of lava small, the water in fhe
underlying beds might or might not be turned to steam.

We had then at the close of the Lower Keweenawan period a

See also Bull. No. 92; The Lffect of Water on Reck Powder

10t Bulletin 49 above cited.
by A. S, Cushman.
2Annual report for 1903, p. 248.  See also Chapter VI § 6.
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feries of many thousand feet of ]

AVds containing here g +
drenlee of ] g nd ot
sMreaks of Lot water or vapor. Tl : ‘ here

L x'ose .hrm \f‘zners attacked the lavas

‘ ‘ Hortte and zeolites so characreristic of th
melaphyres.  The fipst products of these renctions may tak )
n'mre room than the original minerals. Olivine ¢ ‘ 1o serpen
tize and magnetite Van Hiser eires ax
per cent.  And for g change of augire

. langing to serpen-
LWIng an expansion of 30
and hematite? ay eXpansion of {838 1»er:-:n;hi];s-m(.::i.m(g:(}{m‘h' PR
01. the changes of the albite and anorthite 1;1(‘)1'(1(-111;<( (1> ot
of the zeolite group are also changes which 7]'»1"0(111'(-3(
thongh few of them are direetly : ;

minerals

‘ expansion,

I hive gt above & ety up]ﬂ](ﬁb?(} o (»1'11= probleins. But

- R / a chang producing copper in which there is
pansion (pp. 8&4-87).

’The net result of this first work must also have heen that :
Of‘ the water was absorbed. The deepest and freshest P,
of 'ﬂm traps are hydrated and chloritie, so that L\\'h:‘\r
mained was relatively stronger in chlorides. There m:x\'

specimens
water re-
been some exchange of bases. but the older and dee ):1352()2?‘;
secon.d:u"y minerals produced by alteration do not 001’11'311'11 ﬁL&ine 7
and in sections of trap from diamond dri]] cores the feld; ar 1_“
ofifen quite fresh. The olivine and then the :111\0'ire ‘1l‘t'e:p(;il‘1cs
What sodium wag absorbed, if any, most ]ilcel\'h(-‘nm: f1‘1 1]S l
glass.  The chlorine does not come in any of the Q((xcondfu('nfn T']e
erals formed and so must have z'l('(‘:unm]ate;i and \\';‘1\“3‘eiﬂle(1° : "?n}n-
ally' present in the water or in the silico~chlorid; O'Iﬂqseqonlg;nf_
calcium carbonate whiell is insoluble in hot water, isbf;;arl(i'e\'elfl"
where and to all depths and chlorite and epidote m"é éqnql] 7 wi(i -
§1‘>r ad among secondary minerals. Thus since caleium oc((*uiq 1 ,
m.rhe glasses it would not be safe to venture any guess fﬁ ik’ atlso
original amount of lime in the connate water i"r-(:n 111‘1“[ iilo 1’hle
present mine waters except for the curious fact that Ca (' Cld e
not go much above (.49, e
: (A0 6) 17 SRS ) 3
o e b i et el s e,
e 1 1a; : partly pitated and mayv have partly
remained in solution as ferrous chloride, sinee it is ferrous il‘O;l
ﬂ'l'ilt mainly occurs in olivine and angite. Tf epidote f%)rm@d co -
might form also, as I have elsewhere shown. e
. But the magnesium according to 1. N, Hunt's reactions* would
in the. presence of caleium ecarbonate and silicate be thoroughly
reprecipitated as hydrous magnesium and ferrous, more or hlew

—_— —_ —_—
'Treatise on Metam i
ikOQ oit, 00 Mets orphism, p. 388.
3 ‘patiye 18 ot recognized in the lavas generally
4Chemical and geological essays, pp. 1‘5‘.;,111(5%1.15 '
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aluminous silicate.  This is so characteristic of melaphyres that
green earth (chlovite, diabantite. delessite) has been taken to be
an essential constituent. The mine waters. though nearly free
from magnesinm, may once have contained more in proportion.

The absence of Mg in the mine waters and its tendency to re-
place all other minerals. even porphyrite pebbles, is one of the well
settled factors in the problem. The rvatio of calcium to chlorine
in the waters may originally have been more or less than that now,
since caleinm has been taken up from the augite and thrown down
again in epidote, etc., except that in the deeper waters it is closely
dependent on the ratio of sodium to chlorine and in the waters
of the deep mines the ratio of sodium to chlorine was probably
about the same since there are no secondary minerals in which
sodium or chlorine.have been precipitated and little or no sign of
any change by which chlorine could be leached. The present ratio
must be greater, it anyvthing. 8o far as hydration has gone on the
concentration is likely to have increased unless affected by circu-
lation of fresh water taken in at the outcrop.

The native copper specks found isolated in doleritic streaks or
in the center of a heavy trap bed' may be accounted for by this
primary local decomposition.

IBut to have valuable accumulation of copper there must be not
merely the decomposition of the rock and the concentration of the
copper near by but a considerable migration, since the rocks on
the average run only something like 0.029% of copper. Unless,
therefore, there wuas a migration of the water it could only take
a little from the rocks or add a little to them until equilibrium
was established.

It is probably frue that in nature the chlorine waters act not
merely locally but on a large scale, that there is not only a migra-
tion of jons as in a battery fluid but a migration of the fluids
which tend to sort aud collect the different ingredients, the arrange-
ment being similar laterally and vertically, but differing somewhat
according to the temperature and pressure in exact composition.
For instance, epidote might be formed in depth where in the pres-
ence of a water of corresponding concentration near the surface
the oxidation of the iron oxide would lead directly to hematite
and red clays. Nearer the surface too there might be more CO,
and the lime go into carbonates.

Thus surface alterations laterally from the main channel of
porosity and the downward succession might be not exactly the
same and yet have points of resemblance.

le. g. Tecumseh at 164 feet (Box 16).
45
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I Tec 1 l‘ ]' LI € .

d( n Il(l ll\ m unior ll“le-" -)) (U]d 4 ”l(‘ various zones are “9”
2ve [L . = <
&) l())'d ”l(’ h]gh]\ l]!el(%d led dlll\gd{l]()]d W1 ]]
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. ’ g o hard gr - yellowis
green. with quartz and epidot ! e 1 el
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1 e b > chiloritie,  (lark
& ()S oY e T .. i
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mation was filled when buried not with water but wi
¢ but with gas the

len Is nmatural as € amou €, glven off in lower ng a given volume egre
nt o & ff (
IWhicl Ch 1Dll W give lme gree
temperature is about twice as muct ata are given in tt e Chemiker Ka ender.
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shrinkage in cooling and condensation would be very much
greater.

Thus so far as the amygdaloids were buried with the bubbles
filled with gas only, and occasional bubbles occur scattered all
through quite massive beds of trap, there are tremendous possibili-
ties of absorption. The regularity of this shrinkage and absorption
circulation must have been interfered with in various ways. Let
us ennmerate some of the factors, each of which will be effective
only so far as other factors do not interfere.

1. 1t must have been more exténsive in the most porous and
pervious Dbeds.

2. But slide faults, seams or slips or pinches or anything that
tends to check the continuity of the pervious beds might have
checked this cireunlation.

Some examples are the following.
good down to the Kearsarge conglomerate, and was stoped up on it.
The Victoria mine found

The Central mine vein was

It was barren below. (Figs. 30 to 33)
barren rock lLelow a fissure which dipped about 45° to 8. 10° L.

and cut the shaft at the 14th Jevel plat and the 14th level about

200 teet west, dropping the hanging ten feet (Fig. 60). The None-

sueh lode is rich on the upthrow side of a fissure only. The mining

men generally report the character of the rock likely to change in

crossing a fissure.

There seems to be one factor worthy of special mention. When
a bed thickens away from the outcrop, and has but relatively small
or thin porous areas at which it reaches the surface the tendency
to suction of the upper waters along them will be exceptionally
strong if the connections to the surface are kept open.

We have then as our second stage the imbibition of the cooler
waters from the surface which may average several thousand feet
and may be more or less than this according to circumstances.
This process must have been very slow as we know from hot
springs that heat lingers around such enormous masses of vol-
canic materials for ages.

Now the coarseness of the crystallization accompanying much of
the copper formation points to the action which formed it having
been very slow. The large crystals of caleite with copper in them
and of copper itself (for instance, the two and one-half inch crys-
tal of copper which Dr. Hubbard has from the Ojibway) arve illus-
trations. Mr. J. B. Cooper tells me that a tooled surface of one of

1From 200 degrees to 100 degrees for instance it would be something like 100+273 -
) =1,

200 +273

something like 30 percent. of its volume.” To this must be added its condensation or absorption.
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the large masses of copper shows the coarse crystallization beauti-
fully, that W. J. Uren once had a surface twenty by thirty inches
tooled. and it showed a finer crystallization toward the margin,
coarser at the center. This coarse crystallization gives native
copper a peculiar dénsity. toughness and hardness to which may be

due the notion that the Indians who fashioned instruments of it

Aeieting,
ZRON 4450499670 Lan1dsgs, e

I
u 0 3 &
F 7
2z 2
‘ 0o o o
! gj% 0 . : had some way of tempering copper.—a notion in which Mr. J. T.
; 2Fe & ) : . s i .
| AR g gLt © Reeder, who has a very fine collection of such implements, takes
. E e 24 E A i
250 % 3 ig g no stock.
| -4 o & - . . .
| P o 4 g ) i One reason why electrolytic copper is not so strong as Lake is
i i z = . . . . . o
upog 4y s k. w that it is usually rapidly formed in minute crystals. If formed
35 4 o 2% _J> 2 < . e, . . .
Gaul 3 20 5 5 in a week it is fine, short and can not be rolled. Were a month
; hd o 3 g 3 3 . N . o
j brs, g 5 EE!D ‘ s used it could be and a year might give the toughness of Lake!
. °c gg:H g
j 7 2 e
] W< > kS
[V £
I S
=) =
g =
:_’y‘ - —
i apg  :
G g 5 g3 =1
gass 8
A <
QS) i //
g \ ’/
8 \ S
5 ,
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§ ’
,/
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Fig. 61. Theoretical circulation of water from beneath high ground.
And this second stage brings an alteration by descending waters,
either (a) the original connate chlorine waters migrating nearer

‘ the center of the basin, or (b) the same more or less mixed with
The pressure will increase.

Geological cross-section of v

waters drawn in from the surface.
The temperature will increase decidedly when they travel in much

faster than the formation is cooling and as underground tempera-
increase anyway somewhat.

Fig. 60.

FLAT SLIP IN ROOF

tfures always increase slightly, will
Moreover, we must remember that these upper waters will be pulled
in in streaks and sandwiched between quarry moisture of the
deeper type in the less porous layers, so that we shall have a tend-

ency to lateral reaction and ionic migration between the cooler
and the hotfer, less pervious

water to be somewhat fresher

p£3
DRY

upper waters in the porous beds,

traps. The tendency for the lode

iJ.B. C.
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than the ¢ ¥orock

.m( " i U;ulltl) rock water (shown by the analyses) is. if not

E ect of mine operations  the argume o
‘ ms, one of ‘trongest ar

fhis theorn, , of the strongest arguments for
Thus along every pervi

b mnt;ﬁ g €Very pervious channel on its foot and hanging will

act zones F 03 i " '

e o : L es of the upper water against the lower \\"1te; d

8 15 precisely what we really find.? e
This slow sec - sucking of .

e pmar isculal sucking of water on z larger scale mav take

i B 0 v o 1 & H ‘ N ‘
ernekes’ repeated action of the s ] e

e vl same sort described
In the Keweenawan ;

o seweenawan igneous rocks we make out two stag
ecomposition as follows: T sees of
L 1. Py " reacti

.1 mary reac 5, glass )
carvition. ot ar) lled(;‘l()ns, glass decomposes, chloritic filling to
ies, ‘Tie minerals (olivine / o
s . ete.)  attacked )

g oy ‘ attacked.  Chaleedonv

n:)nti/feq T(] . de‘Iesmte and serpentine, and epidote formed; Ia‘ :

. ]..1 lomsonite and chlorastrolite in amygdules?, iron be’ i -

) aleit o Toenn : . oy Dearime
' B e, orthoclase? and ankerite?.  Some of #] eact] :

may not be all primary, 7 e reactions
11 Secondary reactions
9 ])a 1 i
=. Prehnite, other ki i

, kinds of chlorit i

2 Dl ! e, also epi ¢ ¥

formed; lime bearing minerals dominant priote andquarts
3. Teel: ar (eales o
: qjhr}fd spar (calcite) and copper formed
. y el ari < i ‘

A tite, barite, datolite, orthoclase natrolite, i

analcite, and the sodiur i i ncenm, T
: , sodium bearing minerals fueccan ' ’

, s, Huccan.
1n f'he four groups above it must not be understood 11 t
order is abs - that ; ‘ aed that th

e B sollufe but that on the whole the copper is most i t'e
i 3 & ‘ISS B vy i g 31 ) ’ “ 7 ]ll )

ﬂmm;;} <ﬂ ou(n‘ed‘\\]th aleite, but at  times occurs  sprinkl :
" ¢ 1] le prebnite and epidote as the cmlfelllporﬂlr{ e
1T 18, however, true th: i o

, , True that the mineralg

5 ! e s of the last grouy

e howe o ‘ ¢ > a8t group are rarel

are often IL(]1 before those of the earlier ones and the} first 0(1 i

(’ ed b , of . > first gron

eplaced by the later ones. Chloritic r X e

e 2 ¢ replacements are
It is unders (

g stoo UL at pri

el e d of course that primary orthoclase of the opied

Sites may be and often is penl ‘ e
oo o ! . 8 replaced by the others and calcite
-CUls ol all ages.  An older caleite ht v o

; cite is often Lrie
o it » : 'ten bright red
se s les are adapted from 1 7 .
om Pumpelly’s thoroue i
the order of arystallization, Volume T II)’LH) T e studies of
, . : 2 > Volume T, Part i
ports, with additions. L P B2 of these re

The Osceola lode i :
off he Os oae, an amygdaloid, has alwavs 4 15
the foot again COpper, more massive a‘;?isf;lgrlétigfegcgﬁﬁer at the fop, then berfiaps 30 feet
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Early. Late.
Laumontite

Quartz
Delessite and chlorite

LLpidote

Prehnite

Calcite
white colorless

Silver
Datolite

Analcite -
Orthoclase

Apophyllite )

Among other minerals whose occurrence is8 intg;e"s_ﬁ;ﬁ“éfmay
note that powellite occurred not only in the 14th level of No. 8
shaft South Hecla® but in a vein of calcite in the Calumet and
Hecla conglomerate five feet from the foot, in the 40th level be-
1t came in nests in the calcite in the bould-

tween Shafts 6 and 7.
It has been noted also in the rock

ers as well as the matrix.
hoisted from the Tamarack mine with epidote and copper, and
President MeNair has picked up one crystal of different habit that
presumably came from the re-opened Isle Royale, though pro-
longed search has yielded no more. It seems thus to be,—as one
might expect since it is a caleium- tungstate and  molybdate
Ca (MoW) O,—a mineral of the calcium chloride zone. TPumpelly
noticed that the secondary sodium minerals were confined to the
upper levels, those in which the mine waters are also high in

sodium. As farther illustrations may be noted the following oc-

currences.
Analcite occurs in first vein under the drift in Tamarack 5, and

at the surface on Isle Royale, in Osceola 15th level, copper older
than analcite, later than natrolite, in Centennial, natrolite, coarse
square prisms with copper moulded about it.

Salt erystals (J. Pollard) were found on the 9th level of South
Hecla and were quite likely due to evaporation and the product of
mining operations. They are interesting, though, as the shallowest
indication of salt water at the Calumet that T have.

Capt. J. Chynoweth presented the Survey with a fine specimen

1Koenig and Hubbard, '"Uber Powellit, von einem neuen Fundorte.”” Palache, C. Am
Jour. Sci., (1899) VII, p. 367.




— R
*Neues Jahrbuch fur Min. B. B. XVIII, p. 155, 156, (—4,-3 74y, (-8,-253) (=12,-7 19,12
(=9,~5 14 9) (~15, 8, 23, 15), (-2 -1 32) on No. 1; (72 ¢ z
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of polishied uartz. copper, silver
lode, showing their mutual relations.

A convenient place to see the minerals is the dumps of the Isle
Rovale Consolidated mine (PL XT). not only near the mine but on
a siding of the track to the mill. A fine collection will he found
in the College of Mines, largely due to the collecting of Professor
Seaman and his students,  Here have heen found:

Primary

Labradorite

Augite, (the ophitic motties show well at the Mabb
dumps).

Magnetite

vein

Hematite, also secondary
Olivine (? wholly altered to hov
serpentine, chlorite, ete.)
Secondary early
Quartz associated with calcite and Copper in ecrystals at times
with 2P2 and trapezohedra as described by Tincio. One
piece is dusted over with iron oxide, then 1
on it, then later calcite and last barite.
Chalcedony and agate banded
Chlorite occasionally in hexagonal light green b
crystallized but universally diffused.
minerals included probably.
Delessite is the name commonly used for the dark green variety
that often lines the amygdules and ig early.
Saponite ig reported
Kaolinite
Serpentine after olivine
Laumontite, reddish, mainly in seams, readily crumbling,
sometimes after quartz and before caleite
Powellite, one crystal only, found by F. W. MeNair,
Prehnite is generally in light greenish barrel shaped crystals
and radiating fibres Jike thomsonite. Palache found some yel-
low at the Phoenix.
Epidote, vellow and yellow-green, often in crystals,
Caleite is both early and late but lavgely later th
the quartz chlorite and epidote,
- Dolomite seems to oecur more in veins,
Siderite and the red calcite seemg early in formation,

vlingite, rubellan, Iddingsite,

aumontite formed

arrels, well
There are severg]

an some of

e
3144y (-11,-8 "1y, 12}’

) 2,-9.9), (
(819 8) on No. 2; (90,-97), (40, -41), (11, 0,-11, 1), (8 1,-9 8), (11, 10, —)21, 11) on No. 3.

and calcite from the Old Colony
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Ankerite occurs as a vein filling. / e des of &
Thomsonite occurs in thin radiating fibres on the sides ¢
sean. ‘ , ‘ .
Copper occurs in amygdules and veins, but the copper co
4 only ' ter ‘opper. ¢ are
pounds only in veins or secondary after the copper. and
all much r:fn"er than it, must indeed be hunted for and are
hard to find.
In veins are:—
Bornite, rare.
C i Ot : 101
Chalcocite, not so uncomn N .
Chaleopyrite. T have seen it in one small speck imbedde
: ’ ‘ V ‘ V J Py <]
in a piece of chaleocite that Seaman has.
Whitneyite
Pyrrhotite? reported
Domeykite o e
3 & <] 2 i ey ‘-i 0 B ()Il a‘
Due to weathering and surface carbonation a
Azurite
Malachite
Chrysocolla . L
) . . " a
Cuprite. Capt. J. Vivian had a fine specimen showlmb
) . . . SO-
core of native copper changing to cuprite and chry
colla.
Silver with native copper.
Characteristically late are
Limonite
Natrolite '

Orthoclase as a secondary mineral e
Analcite (also found at Champion mine by Palache
Later than the calcite are the sulphates such as ” .
Anhydrite (a calcite vug has a gypsum filling with anhj

drite center).
Gypsum, after anhydrite. e oo s far
Barite, not very uncommeon, the last minera 50

as 1 remember. . -

3 rey et - 3 v l y

Datolite is generally the porcelain variety fo1nnngdtbe
7 center of nodules of decomposition, often surrounde ly

a coating of copper. This form often occurs at the

< < = }

Franklin Junjor mine also.

p i ey b ¢ - 6 inlv
Summing up we may say that the later minerals that ftgun ma “l_e
: op Zeolit i he sul c., are the
i -ith sod: hates, etc.,
3 : zeolites with soda, the suly
after the copper, the [ e ave the
inly i > and middle waters
iner: hos -cur mainly in the upper ¢
minerals whose bases occ ul; et and » | waters
while those minerals which distinetly and always precede the fo
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ation he « N i i

o of the copper. to-wit, the lime zeolitesx are those whose |

18 characteristic ¢ - ¥ " l o the

o charaeto 1;1‘1 of the lower water and that wp to the stage of ;he
) - form: hatever g i ‘ ' mio ’

12110n whatever solution of country roclk i

heen. or reaction thevewirh by 1] and e popeht have
, : Wothe water and precinitati

o reactio ( ; and precipitation, they

cont ave been such as to lower the ratio of sodit but p X

sumably such as to increase it ‘ e
Now " do ‘ :

) v how do these facts check with the chemical re

would be likely? Coming back actions that

to the sucking i [ surf
e el c fackmg an of surface waters
tl picking out from the numerous jons existing in the w ol
108e 1mos essary f e react b
hos t necessary to understand the reactions (b
getting that the presence of other jons 1 l b e
Tt . , 18 may be necessary i :
Hap ot erence ; cessary in order
! ,]. Ve;(, 1e<'1(ﬁo'ns may go on) the middle belt of waters rich i
sodium  chlorvide is thus accounted for " erystals i
A\ - '
the Calumet and Hecla and we have
T, ol R "t .
§f12(,0:, ~}— Ca 1, = 2 Ng (] “+ Ca CO
COL 0+ Ca (1, =2 1 & (g co.
As the sodinm and chlor mulate
e 1 ¢ chlorine accumulate they tend to find new
artmers, perhaps in the albiti ¢ cot
R s aibitic molec i 2
81 e e T he B \Yl )1(3;,111(% of the country rock. Thus
] G 1(;:-‘:1—+.){](‘] i
but this w ' : e Terhape fe o2
]d]nl would be only a half-way house Perhaps the 1;1] t
wWou 3 formati g it . ‘ S0, fonn
' ;c the formation of natrolite, leaving 4 (] and 2 \‘1'6 i }
o wanden o ) ‘ ot § Y S - K ons
; ander r(ut.hel for partners, the fiuid being less acid ‘11141 h
(.m:nn) rock feldspar changed to natrolite e e
2 NaCl L 2 A7 + 2 )
2 Al €1 2 S0, 4+ 2 H,0 == \: i, €
9 Hzo + Lol 2 2 :\‘1: A']z ‘\1:: Um +
This is merelv g t i
is is elv a theoretical react
. . al reaction that mav o i
g s merely 1 - may go on momentarily
o <;11(,s where the natrolite. analcite, orthoclase and -l]mphxi
2 are forme o
e 1) med. By slight changes the same type of reaction mulv
) e O o . - - ) o '
e ; € o apply to orthoclase and datolite. Tt is notewo thy ﬂ(w
n; e]d\ es Cl in the downward working water o
i the presenc e sodi i o
. md] el,ul(e of salt (sodium chloride) iron tends strongly to
B N . Si “ . el ' ‘ ) )
(_h.({ﬂ‘n~ alt and red rocks are evervwhere associated W]'{;I the
ulating waters, S wir fon. T
e j; ! I \1(1&1]: So with a reaction that produces sodimm chlo
8 natural to add one that ‘ ide ‘
at produces ferric oxide if {
pde it : ‘ S ferrie oxi U there ig
any arou chloride in the solution e there s
3 H,O + 2 Fe('l, — Fe.0). -+ 3 H ]
Put the HO this reacti i
(Omb., the HCT of this reaction in the place of NaCl above and
| the L NaCh above an
‘ 1;;(/ the two equations and we have a reaction that will (
uce the red Huccun clavs., Tt j 1 - econdam
e the uccan clavs, It ig noteworthy that tlhe secondarv
. Clase 1s generally reddish and brick red orthoclase al
cites are not unknown, ' Jocte nd anat

aters only

and the gsalt crystals in

R I (‘hz“’nbe i 1 eS8 : o t e ( ] | [&32]
PR . l'hll C1 N fl'()ll] ]) 11Tel T
y b '(,('h a reac 'i()ll H itt i1t
3 1 ]1‘[ ,IQ d g [
HLoc. cit.,, p. 77. ’ o : : »
—_—

R
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from this but of especial interest to us as it might account for
for the combustible gas actually found in the mines and by Cham-
berlin in the rock and the reduction of copper. to-wit,

6 Fe Cl, + 3 HO=2TFe, Cly + Fe, O, + 3 H-:

The hydrogen of this reaction will tend to form HCI with chlo-
rine if the latter is weakly bound. or would be available as a re-
ducing agent for copper.

Now we know that ferric iron is formed, that we have red amyg-
daloids and we know that the country rock, even the felsite, is
attacked and replaced. These reactions above tend to produce an
excess of chlorine and therefore just where the oxidation takes
place copper will not be deposited, but rather that already de-
posited will be dissolved and moved down to where the neutraliz-
ing agent, the country rock is in excess,—that is, copper will tend
to replace this latter.” But silver chloride is less soluble than
copper chloride and would lag behind, and when moved be de-
posited on it. It must be remembered that silver chloride is quite
perceptibly soluble in strong chloride solutions.

1000 ec. of a 41.269% Ca Cl, solution contains 6.28 grams

1000 ce. of a 25.96% .Na (l, solution contains 0.96 grams
so that it would be soluble in the strong mine waters and tend to
precipitate as they were diluted or the calcium base replaced by
sodium, that is in the upper waters and as these migrated down-
ward. We see that the distribution of silver and the mine waters
match beautifully, for silver is most abundant in the upper levels
and the south corner of the Calumet and Hecla shoot (see PL
VIII) was said to be fairly “lousy” with silver, the percentage of
which was 5 up to 54 ounces but decreased to 434 ounces per ton in

the Tamarack mine. Nilver is characteristic of Lake copper, for

electrolytic has less silver while the “Western” copper, it it has
silver, has also telurium and bismuth. '
al-

The chlovine which dissolves the copper would also attack
cium carbonate if alveady present. Thus we may account for the
migration of copper and calcite at the same time in this way.
But we also have to consider vaviation in the eoncentration of the
salt solutions. Lime is more soluble in a hot calcium chloride solu-
tion than in a cold and lime and calcium bicarbonate both have a
maximum solubility for a certain percentage of sodium chloride.
Of calcium bicarbonate there mav exist as mueh as 0.225 grams
per liter if there are 50.62 grams of NaCl also in solution. It
would seem possible, therefore, that a simple migration of the
middle water zone downward would slowly dissolve and then slow-

ly reprecipitate the copper.
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We may thus aee - i
cite gn ok Ch;:e((:llj(t fol the Iljlg‘]‘éltl'()ll of the copper and cal-
2 caco L o % :{mtmn. Such reactions might he wm’tfz
CaCO, + v(‘(')., o EOJI . +’C‘OQ el C]:( :
3Ca0, 1, £ 4 ‘Fe 1 _ i o PR
Capt. T, Pollard e o 20 4 CL + 3 ca
solvent ot s oh " Iea“.é ‘;1 Pel’)b{e from the Calumet )_Iine dis-
orthacloss oo ey a vug lined with beﬂmifully crystallized
This reaction very pp
e mh;rx]’eé;\lqpll)oba-bly does not take place except in the
ite dhama o 9 vrljt IT went on as Fernekes' test with preh-
were famed Xtent under those conditions, as red oxidé%’
If we atrack
(.00, Cr;g?) jhj_ li;clizlz‘(;nm‘e Opr-oducf above we lgve:
feg?g et qug Jju‘ (&a(f}._,(,)z = FeC0, -+ Caco, +
Such reactions mayv es : '
catette mg " aﬁ}jglji::gg(?;‘?the ple‘(lmd of formation of the red
products of apio " (;s’n(:h are as we know relativelv earﬁ
Ally Shoved Lt v ﬁ;(r; al‘yso sho'“i how acid ions are cbontim;-
By such migration pp bl e
i epid(;,te ” plesu.mably the copper pseudomorphs after
fomned’;and i, fad— ;1;3(:11’(1@ and even Sometimesg quarté aré
Solid pebime o 1 .1; u?’t" @ny rock. for great masses of trap and
actions are o o lg C Ilnnelate may be changed to copper. Thet re-
ber op e ) Téke theep a.cement and equilibrium with a large 1
: simple one =
CaCoO, + FeCl, + 2 cucy + H,0O
. The products are:
Ln s.()lutlo‘n - ions Ca {comes in), Fe. Cu (ooes ) '
Ble(fllst:% Cl? OH , FeO, : - LU (goes out), H;
besides thig i
tons, vaio a;rllll((:;;fiuefat \'{lmou.s temperatures and concentra-
fons Tk oo Fe,Oo 1;;dlssomated' salts, and possibilities i<:f
b to ada o pmd " i(;l.l le gegem] eftect of dissolving (,‘a(TO
Keep batme :fle o and. a Weal'{ negative jon. One wavrt(:
which man 1o i j; Al,non N to eliminate some other - I:OHS
i leverﬁl;,,. ngmph.shed by precipitating the C()])pel;’
o h)l o pbq:;b.]l.e v—,‘— ‘10113. Fe into negative FeO,. 1t it’
o Convertin: ﬂ] Jt(\‘ ().t using the O of the —_ i(';IlS CO
is the ki et 7} nlle _‘_, lons Fe into a — jon Fe O, wh;clf
might fake () 0:1:]) )(,L(() ed to 1-(as1'<?1-e equilibrinm, the (‘0];]7()11 i()yrl
s ham)e;]ed : Qﬂ,) of the OH with it. This is wh;ﬁ pre-
mine e e L m Allouez conglomerate at the Allg
28 native copper are surrounded with oxicieq ::16(;

°
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carbonates of copper and chrysocolla for quite a depth.t  This is
exceptional. however. The zone of carbonates is extremely shallow
generally and native copper often occurs “at the grass roots™

The same principles apply if for CO, we write 8i0O,* and so the
atrack on prehnite

H.Ca, Ri,0,, + Ca Cl, 4 Fe Cl 4 CuCl + H?
will result in a solution of

-+ dons Ca, TFe Cu. H. (AIO,?)

— jons ®iO, (Fe0,?) (Al0,7y €1 OH
As the Ca comes in the Cu drops out. The reason why the laumon-
fite does not precipitate the copper so readily as the prehnite. (the
fact is clear both naturally and artificially) is probably that the
Iatter contains a Dbasic ealcium hydrate group, while the laumon-
tite having simply hydration water has less of the stronger bases
4 ions like Ca and H and more of the — ions (even though weak)
The formulae arve:

(Ri?)

like 8i0, and AlO,.
Prehnite H,Ca, Al, 8i, Oy,
Laumontite Ca Al, 8i, O,, + 4 Aq
The solutions obtained in dissolving laumontite would be much
richer in alumina and silica and in oxygen in proportion to lime.
This might tend to favor the direct oxidation of the iron. Red
colors are associated with laumontite.
With the very common feldspar (Ab,Any) or labradorite the
change to prehnite and epidote is very simply written.
Ab,An, = 2 (Na,0 ALO, Rij0,) + 3 (Ca, Al Siy Oy
2 Na,0 6 Ca0O 8 ALO, 24 8i0,

add 8 H,O - 10 Ca and subtract 2 Na, and we have prehnite:
8o that this would mean simply

the mine water, and its concentra-

{8 H,0 16 Ca0 8 AlLO, 24 8i0,.
the replacement of Ca by Na in
tion.

The formation of the epidote is of considerable importance. Its
formula is:

"Epidote H Ca, (Al Fe,; to , ;) 81,0,

Prehnite H,Ca, Al, 8i,0,,

As compared with prehnite the difference is that there is less
hydrogen, considerable ferric iron (about 10%). There is no rea-
son why it might not act as a precipitant of the copper just as we
know prehnite does, but less readily, as there are fewer + ions.

There are two kinds of epidote, — a pale colored zoisitic kind

1Cf. also the Algomah mine near the middle of Section 3, T. 50 N., R. 38 W. . R

2Though there is the possibility of the formation of compoug?r%cliﬁg Sig%lgaélsdé&lg‘g;r\gshéga

account for the solution of pure quartz, though rarely, with dil _¥, [ last
There must be a relatively large amount of cuprous chloride and little silica in solution in order

to favor this reaction.
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ferrous iron of traps and chlorites to the ferric iron of the red
amygdaloids and epidote without reducing the copper.

Of especial importance is the role of the chlorite family for they
are so widespread and often replaced by copper. They have had
2 great many formulae assigned' hut the essential thing fo remem-
ber is that they are a hydrous alumomagnesian silicate with the
magnesia always largely replaced by ferrous iron.

The chlorite naturally forms first in the hydration of ferrous
minerals like olivine and augite. But that is only the beginning
of the storv. Chlorite is attacked by chlorine and H C1, and as
soon as corrosive cliloride solutions reach a delessite, that bears
ferrous iron. they will readily attack it. It is not uncommon to
find amygdules that look lJike solid copper but are a fraud. They
were coated with delessite aud then this has been attacked and re-
placed by a thin film of copper that coats around the outside of
the amvedule as though it were the first formed.

So the early chlorite is very apt to be attacked by the migrating
mine waters. But the mineral brought into solution ¢an not remain
in solution. Hunt has remarked that magnesium chloride is precipi-
tated by calcium silicate and carbonate quite completely, and there
ix very little magnesium chloride in the mine water—barely a
trace. It seems, therefore, that the magnesium chloride is thrown
out again as chlorite as fast as it is brought into solution, but with
this difterence, that if there is copper chloride present a proportion-
ate amount of ferrous iron remains permanently in the form of

ferric iron. either as hematite or epidote, while the copper takes
the place of that much of the chlorite.

This may be written (rvemembering that all the magnesian part
of the chlorite and most of ferrous remains chlorite), for the frac-
tion of the chlorite that reduces the copper, and the fraction of the
epidote which has ferric iron.

3 H,Fe, ALSL,O,, +4 CaCl, + 5 CuCl, =H, Ca, Fe, Si; Oy
+ 6 AlCL, 4+ Cud + 2Cu0 + 5 H,0.

Compare also the reaction of Chapter II, p. 85.

The aluminum chloride shown in this transformation from chlo-
rite to epidote seems to be used in making more chlorite out of
relatively not aluminous minerals like augite and olivine. ]

The latter seems to be the reaction at lower levels, and may be
the source of much of the chlorite on veins, joints and fissures.

We have now, it seems to me, reactions enough to account in
principle for all the phenomena of the copper lodes, without sup-

See Chapter IL
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Ledouxite (Cu Ni Coj,  As may be a eutectic mixture’ and is
found with the Mohawkite.
Algodonite Cu, As. Np. Gr. 8383 at 21° .
Mohawkite® (Cu Ni Co), As. a nickeliferous domeykite. Sp. Gr.
80T ar 21° . carryving about 63-69% copper. 3 to 7% nickel and
cobalt occurs'in the Mohawk mine on the Kearsarge lode,

0.5 1o 3%
A speck

and at least as far south as the North Kearsarge lode.
perhaps was seen in the Central mine section and Rhode Island d
4 at 529 feet. : .
It occurs in cross-fissures tightly welded to apparently fresh
country rock, and H. V. Winehell thinks it is not a segregation.
According to some indications the amygdaloids ave Jeaner,
harder and cold grev epidotic near these fissures.

of  xo-called mohawk-whitneyvite with more

The occeurrence :
copper, a4 mixture of whitneyite with a little mohawkite shows the
tendency fo native copper.

Keweenawite® (Cu Ni), As (39-54% Cu 9.7 to 209 Ni) is pale
red and occurs with Mohawkite in the IKearsarge lode.

Some notes largely derived from the testimony of J. B. Cooper
on the distribution of the arsenic and sulphur in the molten copper
are suggestive.

On the Kearsarge lode Mr. J. B. Cooper’s fests indicate that
there is more arsenic on the whole steadily to the north. Mohawk-
ite oceurs in the Ahmeek and North Kearsarge mine as well as in
the Mohawk. The conductivity is 771, to 81 at the Mohawk,
899114 at the Wolverine, 91 at the Kearsarge. In the Calumet
Tamarack shoot the arsenic increases going north and down. But
the copper from the Osceola amygdaloid lode under (southeast of)
Asx (conductivity 101) while the Calumet

the Calumet has but 0006
The Tamarack copper conductivity

has .004 (conductivity 99.5).
is 92 to 96, the per cent of copper in the rock melted being lower.
The more coarsely crystallized copper is naturally the purest, but
coarse copper from the Wolverine contained 0.12 to 0.008% As.
However, the arsenic in the “matrix” (the country rock) is gen-
erally more than in the copper. The Mass and Quincy have an
extra low amount of arsenic. In the geologically higher lodes the
arsenic is less. If the conductivity is more than 90 the As is less
than 0.04. The Calumet No. 2 mineral has 0.015% As relative to

1Xoenig, G. A., Am. Jour. 8¢i., (1900) X, pp. 440-446; Richards, J. W. Am. Jour. Sci., (1901)
XIQI?('):nSj;i %}?({g}lx"‘](ﬂ)lrllgj\ké\}Illagv'lki?e}?rsgbig%o(g'neykite, Domeykite, Algodonite and some artifi-
cial copper-arsenides;” Am. Jour. Sci., (1900) X, p. 439, also L. 8. M. I., VII, p. 62, also Xoenig

and Wright (F. E.). Proc. Am. Ph. Soc., 43 (1903) p. 219.
3Am. Jour. Sci., (1902) XIV, p. 410.

47
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the copper contained. Arranged
tarsenic) we have

Franklin Junior 100 and Quincy 101 on Pe

Atlantic mine (near Ashbed) if)(). |

Adventure 101, Mass 100, and Michigan 101

Victoria 93 to 94.5. o

Kearsarge 91.

Wolverine 89 1o 9114,

Mohawk 7714 to 81,

Isle Royale 50 to 53.

This is close to the Sheldon and Columbia
Portage vein from which the arsenides wer
donite, whitneyite, domevkite, ete. ),

Copper Range mines, Baltic, Champion. ete.. 65 to 43

Baltic 45 (with 0.19% As). 7 S

'It seems to me there are 1ﬁ\\;0 or three
disentangling, and I have not the data yet. The geolocically younger
lodes often have less As or S, But some of it I thi:k (*o’inléq 41"1:"»1’11
the country rock for the mineral sent to the smelter a3 :
one-tenth to one-third rock and some from arse
of the fissures. . 7

In connection with what I have written, since I have minimized
the role of sulphur it is only fair to insert the f()H()WiI’l"' in‘(ere%ﬁ‘nﬂr
lettfel' which suggests the possibility that the umivebco ))er‘ h,
derived from sulphides by reaction with the salt mine walt'}er: "

wabic lode.

property and Grand
¢ early deseribed. (algo-

factors involved whiclh need

may run from
nides and sulphides

Houghton, Mich., U. 8. A.. Mav 15. 1909,
Dr. Alfred C. Lane, Lansing, Mich.

' My dear Dr. Lane—* * * = 1, reply to your inguiry regard-
ing the New Zealand mine in which the sulphide ores 0? a T;ﬁne
abgndoned for 40 years were found partly transformed fo n‘n’ivé
.copper by the action of the sea, which had broken info the \;01-!“
mgs, would say that the property in guestion, on Kawau VISIand wn\%
known generally as the Kawan Island Copper Mine, and W;IS wo’rkm’l
around the wmiddle 60°s, and some work, of a rather desultory nﬁ»
ture, was done circa 1901 or 1902, in the way of reopening z{nd it
was then that the native copper was foun(i in the bot’t&u ot ‘1)
comparatively shallow shaft, obviously due to transformation o(f'
copper sulphides into native copper through reactions caused by
.chlorides in the sea-water. The ore, according to my understmui-
m:g‘, was exclusively or almost exelusively (?lléllc()l)\'l';ite. and this
mine, which is on Kawau Island, Hauraki Gulf, A{wkldnd, N. Z,

according  to conductivity
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was worked probably more extensively than any other New Zea-

Jand copper mine, until the recent efforts at copper mining of the

Ferguson and Maoriland companies. but. of course. the scale of

operations are small. compared with any of the important mines

of this conntry. * * * #
Very truly.

HORACE J. STEVENS.

While T give these interesting facts for what they are worth, I
ain unable to see in them any indication that the copper as a whole
is derived from deep-seated rising waters, though one might im-
agine the arsenic and sulphur to be so. The amount of As or S
found in the copper generally is so small that it hardly needs any
explanation. Such quantities generally occur in rocks. The thing
to explain really is that they are so low. But if we adopt the ex-
planation above outlined that copper replaces minerals that tend
to keep a chloride solution alkaline in spite of a tendency toward
ferric oxide and chlorine, vielding at the same fime its oxygen or
an equivalent to the iron, I know no reason why 8 or arsenic should
ordinarily be precipitated or sulphates reduced at the same time.
On the other hand sulphur and arsenic seem at times to have ac-
cumulated so as to be precipitated, and I would not deny that in
this case the depositing waters were ascending. Such sulphide
veins have never been followed deep or investigated so as to show
their relation to the different types of water. It will be noticed
that (whether in the decomposition of the Calumet and Hecla
boulders or the turning of an ophite into chlorite and epidote, or
any other of the reactions we have cited) in all reactions that lead
to the deposition of copper there is a tendency to the same ac-
cumulation of sodium in the mine waters, which we actually find
at the top of the lower waters, and though after the copper formed
the sodium aceumulation continued to such an extent that sodium
minerals like natrolite and analcite formed, yet these are confined
to the upper levels and on the whole the formation of the lime
zeolites and decomposition of olivine and augite preceded and the
formation of soda zeolites and decomposition of feldspar was later
than the formation of copper. The following diagram may sum up

our results.

et
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Schematic diogram of bedded lode.

———

Footwall

Generally feldspathie.

Ferric zone.

Suriace decomposed
zone. full of fractures,
and of water coming from
the surface only a few
feet deep. Red colors—
amygdaloids., hematite
formed.  Soda zeolites
may be formed,

Lerrous zone,

Copper is formed or ac-
cumulated in a zone of
equilibrium laterally and
downward where the ten-
deney of the copper to be
attacked is neutralized by
the supply of decomposi-
ble  silicates, chlorite,
prehnite, ete. ferric iron
present, built into epidote,

Early alterations, water
absorbed, feldspar and
augite and olivine chang-
ing into epidote, chlorite,
and serpentine,

Glass decomposed, par-
tial amygdaloid filling,
original CO, gives ecar-
bonate,

Pervious Iode

(s Upper.

Water largely cireulat-
ing fresh, Na:Clmore than
65 at first; chlorine less
than 200 per million.
Carbon dioxide from sur-
face  forms carbonate.
Chlorine  increases, so-
dium both by solution of
feldspars  and  diffusion.
Copper dissolved and car-
ried by the chlorine re-
leased in the formation
of hematite and soda zeo-
lites to e deposited be-
low or in foot and hang-
ing.

(b)  Middle. accumu-
lates sodium chloride and
copper. When above a
certain strength of copper
chloride the mine water
attacks a ferrous chlorite,
precipitates iron in fer-
ric form at one end of an
unequally ‘*heated solu-
tion, copper at the hotter
lower, positive, alkaline
end.

(¢) Lower,

Water, almost stag-
nant, works slowly down
and in, as the rocks cooled
and hydrated, gets strong-
er by loss of water ab-
sorbed in hydration and
gain  of soluble solids,
The proportion of sodium
falls with depth down to
Na:Cl=0.08.

Chlorine soon measured
in  percents, maximum
17.69.

Hanging wall

Much like the foot hut
more chlorite and augite,
less epidote and feldspar.
Generally  more  imper-
vious and so the copper
more in thin sheets on the
chloritie joints at right
angles or parallel to lode
on eolumnar jointsat right
angles to dip,
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It will be seen that my studies have led to no radical change n;
the views as to the origin of copper expressed by me 111.t]1e an)m’lla
report for 1903, and by Wadsworth in the Transactions of 111(,
) . ’ : ~ . et 2y . .
American Institute of Mining Engineers (xxvii p. 669). and by
Pumpelly earlier. . T,
Copper should then be looked for not inerely along pervious lines
. X 1o ar 1 ane-
but newrr pervious lines? with a strong ftendency to appear in 11(111}h
/ 4 ‘ i i ¢ part of a lode will be
ing and foot and the mineral crest or richest part of a lode \\111
= ¢ A . ) o . ? ' e
in the salt water belt, adjacent either to right. left or below where

the downward absorption has gone deeply. (Fig. 60.)

1Cf. the figure on p. 127 of Marvine's report, Vol. I., Mich. Geol. Sur.
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CHAPTER IX.
COMPARIRON OF AICHIGAN ¢
OF MICHIGAN COPPER DEPOSITS WiTH OTILER SIMIT
S IR SIMILAR
DEDPOSITS.
l Y1 COMPARABLE DEPOSITS
tis not my purpose ¢ i
Y ose to pad this report wi
) , ,, Ort with an extensi :
O et Y pirpose ¢ ] an extensive ace
| U copper deposits, though such comparison of for ; i
often verv instructive. Cof e naions is
e '} mstiructive. . Many of the deposits of copper (01e .
ceially those of chaleopyrit rob. ‘ ity
; ( pyTite ont west ar : }

. th . - a8 re probably or certai
Pl dhose ¢ I ably or certainly
‘f‘“ o ent 1 origin and mode of ocearrence. There are, | :
pari o1 three deposits which are so similar that g blrie;' ¥
o v three do i . at a brief com-
huiso n; to be demanded, for the light thereby to be thrown

S own conditions and this s {he se heca. ) recont

Ons av s 1s the more the ¢

o ow it » > the case beca (WO T
et cenditions | £ >cause two recer
it ? tve given good accounts of them and have diseussed tle .

a1gm. I refer tc SOermer T s : - heir
(m:m\(d I(f(»} T\u the “Copper Deposits of the New Jersey Triassic?

scussed by . i - . ihe
e Y J. Volney Lewis!, and the deposits of Bolivia described
vV G, Nteimmiann. P o i ‘ e
o 5 pann” The three deposits al] agree in certain siriki

18, as to whic - diff ] 0 e
o 1T“ I\\ hich they differ also from most of the Wes’celnx 1b
ORISR ) 13 [ i | ore,
o ](1 ‘bl n all of them native copper is a characteristic ore
2 a Nree the aew 21 a4 3 ) / : e
g a 1}(; the associated sedimentaries are characteristicall
d. (3) in g ree g - i Cal
i 1. 1’ three there are associated basic rock (4) in ’11‘]
o ](.u Is a lack of well-defined crustified veing bu”t the coy :
weenrs disseminated or in irrec : .
‘ 1 rregular laree i
vious beds. not. however. by Tn ey s in the  pone of

. - OY anyv means confined j ;

Jows beds. not v : ; n any zo i
“ulr.1<1 igueons metamorphism.  (5) In two and pr(()b 31] ]1]1(:31 e

ere are saliy ot n o © ablv three
e e ne w aters.  (6) The silver is more abundant in the
e els. on’ the other hand the deposits differ in certaj

arKe FeSNEeCTS T Ca t 3 . i o
], arked respects. They are of widelv different geologic (
lave not the same associated minerals ) )

It mig e well also t¢ fon the
e ;ht be well also to mention the fact that in the red 1 k
f the Permi: . . ; ' o ek
o e tummn. or that general time. copper is known to oce
i ut west and in the fame and

amous Mansfield distri
Mans istrict.  Copper
. and

(,l\< ave aiso b ! < ‘ lleS 11 'he [0 d lld new
ound 1 a
ni¢ (’] []‘ Ve ¢ lS een ) l]l} I SIn “ gquant > $
Ied 5 ﬂlld& one 01 »\C(Jﬂand. ' !

age and

—_
Economic Geology, Vol. 1. No. 3 o i oo

. : : Yy, Vol. 11, No. 3 2429 T mme e T

are referred to in this NG s PP 242-257.  Other i Kumel

B i s sfd W B o e WP e e and Ko
Die Enstehung dor Hupfercio) T in the Journal of Geology, 19 bae U. 3

Bolivia, Festschrilt Harry I%osenbl?sgghr,s?g%g’;%(}gorocoro und verwgasﬁdteggvorkommnisqp in

3Mackie, W g sacti ) © £ \%
s m., Transactions Edlnburgh Geol. Soc. 1903 (VIII, Art XX IT) 258
; 3 s . D. 258.

KEWEENAW SERIES OF MICHIGAN. 875

§2. NEW JERSEY.

The copper depositx of New Jersey occur in the Triassic area.
This area consists of a series whose most characteristic sediments
are red shales. but there are also sandstones and coarse conglomer-
ates. and black argillites and grex and green flags. which may cor-
respond to the Nonesuch gronp. In general the sediments are so
nmuch like those of the Keweendw. that on this ground early visitors
io Lake Superior were inclined to assume that they were of the
same age. There are also igneous rocks. hoth extrusive and in-
trusive. whese chemical composition is not far from that of the
nelaphyres of the Keweenaw series. The over flows occurring in
various places, but especially west of Newark. Orange, Plainfield.
3ound Brook and Paterson. rise in ridges easily recognized and
like those of Keweenaw Point. They contain amygdules and
zeolites very similar to many of those found in Michigan. The
main intrusive sheet is that whiel forms the great Palisades of the
Hudson over against New York City. and probably extends thence
south to the neighborhood of Princeton and Trenton. The dips are
vather gentle like those of Isie Royale orv the end of Kewecenaw
Point. 10¢ or 20° to the northwest. Like the Keweenaw district.
too. there are great faults each of which displaced the strata many
thousand feet. which would correspond to the Keweenaw and Por-
cupine Mowntain faults. Besides these there are numerous smaller
faults corresponding to the smaller fissures of Keweenaw Point,
and they run mainly north and south or northeast and southwest.
These faults have a down throw on the east toward the Atlantic
Ocean. The copper has been shown to exist to the extent of 1/40
of 1% in the extrusive trap of First Mountain and 1/50 of 1%
pyroxene of the intrusive trap.! The commonest occurrence
copper is as chalcopyrite in the traps and as native copper
Green and blue silicates,

in the
of the
or chaleocile in the sedimentary rocks.
and more rvarely carbonates, and small quantities of cuprite and
According to Lewis the ores oceur in fonr types of

azurite occur.
Tn two cases with and in two cases without known

association.
intrusive trap.

THE ORE DEPOSITS NEBAR INTRURIVE TRAT.

The Rocky Hill (Griggstown) mine. Tissential ores, chalcocite and chalcopyrite
in fssures and brecciated zones in flinty black hornstone in which are specks, to

Tourmaline, magnetite, hematite, epidote and feldspar

inch masses, of chiorite.
plane

also oceur, The color is sometimes bleached near the ore and the thrust-
paralle] to the bedding carries 3 inches to a foot of flucean.

1(f. the results oane sludge tests of the Clark cross-section on Keweenaw Point.
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The Arlington (Schuyler) mine. Ej
ores in gray arkosic sandstone near intr
fault breceias of sandstone and trap.

The Flemington mine. Ores again chalcocite and
associated secondary minerals and geologic conditions,
sulphide ores. The few times I have seen ch
been not far from intrusions,

ght miles west of New York City. Similar
usive trap sheets and dikes, and in oceasional
chalcopyrite with similar

Note the dominance of
alcopyrite in Michigan has generally

ORE DEPOSITS NEAR EIFURIVES,
The Somerville (American) mine, Three miles north of Somerville, Iying just
under the big outflow of First Mountain, the copper mainly in the upper 23 feet of
shale below, and sometimes running up into the hanging for 3 foot.
in grains, strings, sheets, and ragged masses up to over 100 pounds,
silver also oecur, Immediately about the copper and
of the Calumet and Heela pebbles are bleached prob

with ecalcite which seems to have been replaced in some cases by copper. Prehnite
and chaleopyrite also oceur. Exactly similar eonditions which
nize who is familar with our Michigan dep
around to Plainfield,

The Hoffman mine. Two miles northwest of
chalcocite in the sandstone

The metal is
Beds of native
shale is bleached, just as some
ably. Itis intimately associated

anyone will recog-
osits, have similarly occurred clear way

Somerville on top of the trap. Some
and brecciated trap near the fault.

ORE DEPOSITS APART FROM KNOWN IGNEOUS ROCKS.

The New Brunswick mine. Close to Rutgers College.
found in the joints of red shales and small gr
No trap is known to oceur, or has been
all in the red shales.

Sheets of copper have been
aing disseminated through the rock.
struek by wells over 400 feet deep, which are

Menlo Park Mine. One-half mile north from the station.
copper in the dark grey shale which is the w
up the breccia of a fault.

Native
all rock and makes
The shales elsewhere have the usual
bright red color. There is also some chalcopyrite
in the shale. Copper in thin sheets and films in the joint cracks
like our Michigan leaf copper.  There are also minute grains and
streaks in the shale, especially around the ocecasional bituminous
plant remains.

and magnetite

Glen Ridge. Tour miles northwest of Newark. Grey sandstone
with disseminated chalcocite and green with chrysocolla. The
minerals especially gather around bituminous plant remains.

Newton. Four miles northeast of New Brunswick. Native

silver
in scales and particles in the grey sandstone, st

ained green.
$3. ORIGIN OF NEW JERSEY COPPER.
Weed suggested, in 1904, that the ores were due to surface per-
colating waters, partly changing the trap as follows: The mela-
phyre chloritized and the iron changed from silicate to ferrous salt.
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The caleite amyegdules formed in the basalt and pf%res 0? Thellltifltj
shale. The copper was dissolved out from the 1’1:2\]) bf\ ']))ul()u iitebd
waters and carried downward. (‘n];}.wr :m'd calcite “]ef(, (T;I(;”;.Hne
in the pores of the ore. the ('lm]m(-‘nv hemg 1'9(1}1(-9( . .11Q (.‘u».li.\‘.mq
time as the ferric oxide about it. He supposes \\(»]‘1_11}17).1){ d(m,) 7)‘;;
the copper contained alkaline carbonates and Aprx-‘e(,lpl;(x“(:e (.h.lﬂlco_
and chaleocite with caleite. and that T.he 1‘(jduc1m1} 0} e (ﬂmt
cite to native copper was due to m-ga}m' z‘l(tldh‘.r \7\ ?ei,]m;?u;; ﬂlin;
if as Pumpelly suggests for Michigan n’= wo‘rv f(?]"l'()lls :\,f) n]ToAd “ﬁi(ﬂl
caused the reduction we should bave ferric oxide ;1i~><_>AL11a (; v
ﬂ)e native copper instead of the blezu:luv}d s.pnts: 7\\ ;11)(;.1‘ :lfq; ‘“,(e
matter of fact find.! Lewis objects to W eed/srh))];)‘r 71(,%1%(‘0“;1{ e
frap rock of First Mountain is not f’ll()}/lgh luhert,f‘ T‘,) (}(,()rio‘inq“y
the underlving ores. Of the 1/40 of 1’:/4 of ﬂui mp].}ell, | %Ve(r _‘]
contained, 14 would have to be tr:msi‘erl*ed.\\'1’(110}11,'. ({)’tss‘h[lle/ a
,&;heef 600 feet thick to give 214% in 2 feet" of un(‘lm‘l}n]l.b.s (1 1\ .
To this objection it may be replied that in the first pta(.(} 1(,‘0; )P'].
no means sure that the analysis rel?l'e;;elflts ﬂ:‘)?i]l(l):: ‘lzd ,inl ihe
hic av have existed in the original trap sture, @ t
:ellj)(ri)dn]lﬁjulem]‘te it: very unlikely that the underlying shale runs
21/, 9., save in exceptional spots. ‘ ‘
dl/jt?? “]1‘:“; secolnd objection is that ores are fom;d) alll):)]x:S]ilz
well as below the First Mountain trap and‘r ab(()‘\v? 11@0; C.i.r(mlm
traps of Rocky Hill and Arlington, and t%mt 11{91»;\1&();11;1“]3 e
tion which would at the same time deposit ores below thelir s
: e is inconsistent. L
ﬂn? (‘:lali?\li)f;e that this is necessarily :S‘o, ;111)T mm‘e. ‘Ehandltl;? (1111111
possible for a pebble to be coated with iron ore all around, by
s the interior. ' _
jub(]:;))n t'll‘ohno1 ;[)111:; lzlt Arlington besides lying ;1.1)0\'e 71‘711(3 trap. is out
of all proportion in quantity to Sllegts 1.)f tln}s ?)(:llxl.d e
(4) The thin tabular crystals of (fa]cu_e a1e‘ )0\11 o m,m)“ed
red shales far from the mine and have nm., thme]‘o.le. ';(,hﬂe; ppiied
from the trap, though, of course, ﬂli} Cz:l(*ltikaxil&e}l;llgt, ,
ins in-t % e from that roc self.
‘~’~"“_“\ ]:3110]‘1‘;; (\111)1:‘11;15‘\@:1‘L ;fgzledf(]:)lll,)fless aid to reduce the copper
d\(l)s> S]l()\:l; by some specimens but thel prevaﬂing b;;lﬁner:iesfs1(?:
1:ﬁe red shales in organic matter is one of the best establish act
mézzil(:f)‘;heory fails io account in any manner for the ore de-
posits not associated with the tmpf.  henotheses
Accordingly Lewis suggests the following hypo

€ can ge gt Ssumi 1 gT I T b (< Des
t round this by assuming lonic migration as 1n battery fluid or in Stokes’ tul
IW 2
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;}eg'illllillg with the ores associated with intrusive traps
gests ;Imt heated copper bearing solutions :111£1 poeilfllﬂz h\ei::i
arose from great underlyving masses of intrusive al ng t dikes
N rom o 1y sive along the dikes
Sﬁ(}ll (}‘((;;(;1(;((1 I]]llfn(;,:l(qf](;;:i 13‘:‘119 immediate neighhorhood while
- T then w -
fions coming directly from the 111;1g1§]2?11(11“]1:; 1‘(\1(:111]11:(:;1?1 ﬂle‘ SS'OIU—
b_‘]mles overlying the Rocky Hill inrsﬁ"nsi\'e retarded 1"]10 ]E)?I”OUS
1119:\*9 waters to the surface. Dikes and acv(mlpanvﬁm ﬁ&:e(‘*mpe- (jf
t;’»ngulled ;'0 the immediate neighborhood of the Qii] i; 1]11:111:1‘;31:
s 'nt 1e also thinks likely that reaction of the <(>’1m'i< ns Hth caleite
of the shale contributed to the origin of the <’ > ) ]*u’“ iy Cu]'m'te
of ﬂl(‘ ores, apart from inrrnsiw;\:. he 1’~<*fe(i-s: l;:l](éto‘lzzjooilie ;’1'15—?‘11?
whe.re a solution of cuprouns sulphate saturated \viliv d; %(ili]tment
hiilh(: (w)};»p‘er on cooling. and to such acid sulphate Soll}ﬁri;m%n;e‘
::;,»:Illl(i ?;rr?lmtel 1']1‘c deposition of the copper and the l‘eacliingio;i
he ferric coloring matter 1o the red shales. " wor

:11'r1"1bu1'fes all the copper to hot copper bearing i)llllilt;ll: “/ mﬁebll]e
n.mgmat](:_, coming out from the great 1111(181"?\'{110‘ P‘l]i’é‘qg;g d ‘
sill I? will be noticed that he finds the som-(‘e'of ?he ;0 ‘)‘7)01‘ USP’
fm;-mnhon itself and that it is carried in solution an(rl 1nI 11"he<m' .
:mmts we] shall agree with him. He does not ill\'@%i(rate Tafet:;;o
ent to which chlorides mayv have been present : o *
any definite reason why heat and solntion}s fr(?r:lte]flf?llsisgf S11'1]i1<(jl fho“
ha‘ve' produced the remarkable concentration of .COppfil" ngf{lrl ltll(:t
;ﬁfn&l\e 1’1'{11’). We may remark, moreover, that \\’1)e£’e\'e1*( theSZ

1rmss1c traps occur along the Atlantic coast in  Connecticut
Massachusetts and clear up to Nova Scotia where they arve well d :
.velnped about the Bay of Funday, where (as at Capve :1’0‘1’w1‘] e
is no sign of intrusives other than the faults and ﬁssureq) e\']e’-l;e
where present we find the same zeolites as in New Jerse f)'fm/lelt};
also find native copper. The occurrence at Cape d"(;l‘}“r(']’li((‘]l“;
have examined is strikingly like that of Lake Sui)er-ior Here t
though the zeolites are different, the lime zeolites are 01&91‘ ’rh,‘m ﬂm
copper or the soda zeolites, which two latter are molre’ 1(1e~ul’-1Kj
coeval. The trap has about 569 Si0,. It has been deqcribe(i '}
some detail by Sir Wm. Dawson in his Arcadian Geolow; # BeQi(Ii];
the papers on the New Jersey traps by Darton, Russella.L‘ewiq :md
Weed, there has recently appeared an excel/lént des,cri )ti(:n( of
“Features indicative of Physiographic conditions in ‘few 1J "”‘
by C. N. Fenner.? i A e

His account of what I (following Wadsworth) have called

clasolitic material. and the amygdaloidal conglomerates is perfectly

'Journal of (ieology, May-June, 1908, Dp. 299-327.

S ..

-
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applicable. His conclusions that some of the traps flowed on the
land (such for instance. as the smooth coiled ropy topped flows
north of Bessemer with their regular pipe amygdule base) while
others flowed into lake (some of the inclusion beds and ashbeds)
entirely agree with mine. His paragenetic series (p. 315) differs
mainly in the absence of epidote. and in his noting chalcopyrite,
but not native copper. which, however. as we know occurs.

§4. BOLIVIA.

The copper mines of Bolivia lie in more or less of a line running
nearly north and south. through the Atacama desert.  Of these the
ome at Corocoro is most fully described by Steinmann,’ and will
cuffice for purposes of comparison. The copper oceurs in a series
of red sandstones, known as the Puca sandstone. very much like
the new red sandstone of the New Jersey deposits. but really some-
what vounger. belonging to the Cretaceous. Tere again the domi-
nant form of the copper is the native metal, and native silver is
also associated with it.  But sulphides and arsenides like domeyk-
ite also oceur. The ove occurs in the neighborhood of a large
fanlt and a vertical displacement not less than 350 meters. The
copper does not occur at any one particular level in these beds,
put in small grains scattered through the sandstone which now and
then blend to almost continuous veins runnning across the forma-
Especially is this thin sheet and leaf

tion or sheets in the joints
nd sometimes the copper

copper liable to occar in the red clays. a
accurs in most fanciful and grotesque forms. In the higher levels
rexactly as in Michigan) they used to find silver ore, and beside
native silver and copper, chaleocite and domeykite. The ordinary
Barite comes occasionally, and celestite,
even
with

vein winerals are absent.
hut is very likely primary in these red sandstones. Calcite is
rarer than barite. In this respect there is & striking contrast
the Michigan district. When it does oceur it is intergrown with
copper as in Michigan. On the other hand gvpsum (which is rare,
or at least not very abundant in Michigan), is said almost never to
fail. Tt often thrusts itself in between the thicker copper pieces
and the surrounding sandstones and may envelope the copper com-

pletely. Such minerals as secondary quartz and tourmaline seem

to fail absolutely.
Associated Lgneous Rocks.

than about 15 miles from Corocoro.

at the occurrence of copper ores in the Andes is gen-

points out th
erally associated with a certain tvpe of rock known as Andes

No igneous rocks are known nearer
At the same time Steinmann

F
1Rosenbusch, Festschrift, (1906 p. 335.
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diorite. and t i

. and ths 8 oceurs abe 3

o g that this occurs about 13 miles north and not far soutl

: assumes that it occurs als th it from,

: C eeurs also not far he !

e that it : ar beneath and that from

ﬂ“\(u ne lﬂu, solutions which have deposited the copper. 1
S respect then his theory . 7’ 0 y
. ! 5 eory agrees decidedly with t [

o ol e [ lecidedly with that of Lewis
Origin of the (7

; (/sz1 of the Copper. The three writers who |
¢ most personal knowledge and intel]

copper are perhaps Forbes!, Sundi? ’

1]1z.11j. the copper was conrained in

originally in the Puen

1ave discussed with
igence the origin of the
and Steinmann®. Sundt thinks
o the form of oxide or carbonate
candstone s , '

1 ot commome, \( ]1<. s]‘mnt, and that later sulpharous acids
: S which came up witl jorite i
el co . p with the diorite injection
(Oml(' i(dl.l((d the metal. while the sulphuric acid thus gon 71
: med with the c¢ar at i o ) o
combine th the carbonate of lime to muke gvpsum, which all
Rervers agree usually accom i conmer ‘ .

{ all; ‘ompanies the native ¢ The f
er ree v > I pper. The for )
1c(1f,‘r1>0{1 then would be something as follows: } ¢ oot
CaCo, 4 Cu,R0, = Cals0, + €O, + Cu -
It may be at foxid i
. ¢ dg]( noted that carbon dioxide gas is very abundant and
serious difficulty in s f ines. ) Iy Cobrizos
oo culty in some of the mines, especially  the (‘oblim:
Accoraimg to YTV ' i O
S ﬂ;, T(f ﬂ”b fhem_\ the copper would be “svngenetic,” helong
bf“,@s e rm mation itself, and vet in the pmce% of ‘;Hemtiotl’l
v se waters it. would natur trat nd
: 5 it , aturally suffer concentrati
tion and w : . . I concentration and migra-
gon ¢ would not belong in the same place in which it was f’)h (i
he same way that parti ot o placor
vt articles of gold would ' i
Aoy e way that ps g ould be found in the placer
: o‘sba.(,h also considered the copper syngenetic tricter
ense, in that he t ' that e ‘
oo ('ub( , j(11 he thought that the copper sulphate reacted with
darbonate ‘ i as t i , a4,
h(’we\(U 1(1'( of Time as the sediments were deposited.  Sundt¢
Wwer s 3 ')A T k] v 3 ) i B
o (, decided in favor of the idea that the copper was int :
wever, devided ‘ ‘as intro-
« pigenetic).  He appeals to the following aro
The copper in its native form is d gt
. s native ‘mis S8 Y0
sediments because it fills seconda l .‘."“b“e“ e et e
) 8 sec ary jointing and other "
s T Al V] ¢ and other clefts
\t,.1})scud<)1n(nphs after aragonite. It coats over pebbl ani
ks b oD { ats over pebbles of
}jnq L“dnd conglomerate, and then penetrates into the inter
e . ‘ 't S S erior,
g (h . ft 11111111(1 and Hecla pebbles are altered) along the flulf
> 1t 1y found on both sides i beds of 2
oth sides both in th
. . . e older beds of
stone as main veins or “vetas,” and in the o o
beds as branches or “ramos.”

but in a stricter

N younger, more clayey
it o branch A bA sto the copper is closely associated
ALY @Vps B arite.  Also wherever
ey o ; S erever the copper is
Mt e ;led sandstones are blanched, as in New Iersg a ;
& 1. s S 74 * i f 7 ; ) ' LY . n
g *o the water of the copper bearing beds is strongly
'D. Forbes, 1861. R g o -
Pers (s . 1861 eport on the Geology of S i
135). ( ?u‘ Jour. Geol. Soc. 17, 1861; 58-48), (i833}1%o‘iggxevificraironp?‘rt'I‘ o B g hem
P 20, Sundt, 1802, Estudios geolog ‘ i e 55

N ‘ : cos en Corocor v en la altiplanicie de Bolivia (Bole
Soc. Nacion Min Santiago. 1892, ser. 2a, 4, No. 44 ]84-1()8 Nd()‘ 4<)p 131-133; No. ‘ B § - 7.‘
5 0. 46, 164-16
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charged with sulphates and chlorides of the alkalis and alkaline
earths,  This is a striking point of resemblance of our Keweenaw
mine waters. except that we do not have sulphates to an important
With this mayv be associated the fact that with our de-
ev. such as selenite. barite and celestite, are rari-
ties. He also appeals to the presence of copper on both sides of
the fault as showing connection between that diglocation and the
He supposes that copper was in

degree.
posits the =suiphat

introduction of copper solutions.
troduced as follows.

Long after the depoxition of the sandstones and clays, either at
the time thev were folded and faulted. or later. solutions of
chloride and sulphate were pressed into certain

cuprous or cuprie
especially the pervious sandstones, in which

of the strata., more
certain beds proved favorable for the deposition of the copper.
He also assumed that carbonate of lime was derived from the
. and that the organic products of decomposi-

shells of sea animals
at the same

tion of the same reduced the copper and the iron oxide
Then the carbonate of iron and lime were removed in the

fime.
sandstone  was

waters containing ecavbon dioxide, while the
bleached, as it so often is around organic matter, and in place

of the original carbonate of lime. copper and gypsum remained.
The main change by Steinmann in this theory, which it will be
seen very strongly resembles that of Weed, is entirely analogous to
that suggested by Lewis. Steipmann points out that fossils and
organic mafter are vare in red beds here and elsewhere, while ara-
gonite crystals and «mall masses of carbonate of lime and mag-
nesia are found in small quantities of sandstone in many layers.
They do not appear to be associated with fossils, but are possibly
chemical precipitates. He doubts altogether the introduction of
copper as sulphate or ¢hloride, but believes that the oxygen must
atively low in the solutions,—in other words that they
were either sulphides, sulphites or thiosulphates. Any such solu-
tions would act strongly deoxidizing. (I may remark in passing
that 1 have made some special iodine tests for such salts in our
deeper Michigan mine waters, but without showing any trace of
thenm.) Such solutions it not exposed to an oxidizing agent might
deposit the copper in the form of sulphides but in the presence of
an oxidizing agent, such as ferric oxide and hydrate so abundant
we could have the oxidization of the sulph-

in the P’uca sandstone,
ide at the expense of oxygen of the ferric oxide and the consequent
er of fact observed

bleaching of the sandstone, which is as a matt
regularly around every particle, even the smallest. Such bleaching
around pyrite is very well known. '

have been rel
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Unfortunately ave
- na.rd,\. I have not been able to find our as m |
South American geology as T eould wis) ¢ have 1 @
of the water divectly assceiated with the

occurx there.
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about
1. and we have no analvses
native copper which

We do 1 i
do find. however, in Darapsky* analyses of

waters which snggest ar leas

| 7 cli suggest ar least that similar waters to those f

n our copper mines mav bhe the et
with the copper there,

is as follows:

saline waters found in connection

Taste: saline
Reaction: neutral
Rp. Gr. 1.0076 ar 157 ¢

Residue dried at 16° €1 9545 erams per liter
Residue on ignirion 8.996 ‘
Composed as follows:
SO, L
o e 0.273
o I . 0.150
T 0.086
Ao, S po LT
oo T e 088
e o L i
N 017
g e cee.e 20726
Lo T 0.384
e e e 0133
Sum ... . 0.14
L Sum . e e e 9.142
Minus oxygen equivalent to chlorine. .. 1017
Grams per liter '
e 8.125
m . ( .
The sum of the alkaline chlorides is 6.258
les is.. ... ... .. 5.258

This ] e
s he supposes probably combined in the form of the

salts. : following
Si0, L
\l 2 ‘ ....... e e e e e e 0.275
Al Oy + Fe, 00000000000 OTM
CO, Ca e 88
soca S SN 0196
CLew T 254
CI;Mg ......... e 1.097
CUNa oo e 0.035
Gl R TITI 5.144
ol e 0.732
e e 0.382

— —_—
17 as na H
Las Aguas Minerales de Chile, Valparaiso, 1890

For instane : i
the analyvsis of Tos Banitos .
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The geology of the occurrence is not given but so far as 1 can
judge by comparing with Plate <. Sec. A of the Atlas of the Physi-
cal Geography of the Republic of Chili by 3. Pivssis, IRT5, it comes
from a region in which lavas and red sandstone also occur. Ofher
analvses also ave given in this book which contain earthly chlorides,
such as Petrohue {p. 108) and San Lorenzo (p. 104). We are, there-
fore. so far as we at present know. justified in assuming that the
native copper formation of Bolivia and Chili may have the same
history as that of Michigan, except that caleium sulphate was
largely present.

§ 5 OBERSTEIN, GERMANY.

Another district which strikingly resembles the Keweenaw is that
around Oberstein in Germany (Lat. 497 407 N, Long. 7° W.) where
many “Lake Superior” agates are polished. The tollowing factors
meet once again.

{1} Tholeyitic, 1. e. ophitic traps, as cited by Rosenbusch, Las-
of similar chemical composition (see the an-

pevres’ and others,
containing a small amount of

alyses of the Norheim tunnel rock).
copper.

(2}  Red rocks of the time of the Permian and Triassic or “New
Red epoch.

(3)  Agates, for the polishing of which Oberstein is famous.

t4) Other zeolites and amygdaloids very much as in the Kewee-
nawan,

{5) TFelsites, e. g. those near Kreuznach.

(6) Salt water in depth (?) as suggested by the Durkheim (Lat.
49° 807, Long. 8° 127) water cited by Laspeyrest which has calcinm
¢hloride.

Otto Haln informs me.

{81 The MHancock quartz deseribed by Lincio® has a peculiar
habit in which it resembles a quartz crystal from Oberstein de-
scribed by Haty.

§6. COMMENTS.

There are some general comments which may be made with regard
o the theories here outlined. All of them work with only one solu-
fion and assume that its reaction upon solids or its change in physi-
eal condition have led to precipitation. None consider the pos-
sible mingling orionic migration in two solutions. Tt is to my mind
a rather serious objection to any theory which attributes the de-

7. D. G. S, in Vols. XIX and XX, 1868, p. 191.
N J. B, B XVIIL p. 155.

(7) Native copper in depth. carbonates at the surface as C.
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position of the copper 1o rixing solutions,
be losing hear and pressure that there

are no signs. (and this is
emphasized by Nteinmann

olivian occeurrences) . of
vein quartz and crustification.  From what we know of the xalu-
bility of silica in hor and cold water, and from what we know of
True fissure veins generallv. it would he a

especially for

fact hard to explain.

goes into solution.  One solution
Was gaining in solvent power for xil

water as spoken of 1

Copper replaces silica and siliea
fea The oeenrrence of the salt
WoRunde is very suggestive, Tl
distribution of these waters
arguments ay

e oceurrence and
x to my wmind one of the strongest
ainst the copper having been formed by

apward ¢ir-
culation of deeper sente

d magmatic waters carrying the copper. I
can imagine these waters might in the first place not have contained
caleium chlorvide. but how, working upward and cooling, they would
form sodivan chlovide. and then become fresh. 1 have not been able
to understand. A caveful examination of the Corocoro mines from
this point of view should either relieve the diffienlty or make it
greater.  There Is another difficulty which on the

ground might
o -
perhaps disappear.

The veins or bedded lodes in which
oceurs dip away from the fault. and if the
the copper

the copper
water that deposited
ame up this fault, it must have gone down backwards
and sideways like the splash of a fountain. This seems strange but
is conceivable, if we imagine the hvdrostatic head very low in the
adjacent strata. It must be remembered too that the igneous in-
trusions at Corocoro, at some of the New Jersey locations and at
many of those in Michigan must be hypothetically put in to fil
the demands of the theory that the copper comes {rom them. This
does not really add to the strength of it. We also lack in the
theory outlined. by Lewis and by Steinmmann anything which shows
why such similar deposits so different from ofhers oceur in
“similar relations. I would not say
were all formed in the same way.

such
- however, that the three deposits
It might be falling into a very
common and easy mistake to make that assumption, for indeed
there are points of striking difference.
The regular association of gypsum with the copper in Bolivi

a and
not in Michigan is one.

This may well be accounted for by assum-
ater containing a good deal more of sulphate
or sulphide was involved which was lacking in the other. But why
should it be in one and not in the other? One answer to this might
be that in one case there were sulphides derived from intrusions
and the other not, and it is true that even in Michigan, where we

€ are more liable to find sulphides, such as chal-

ing that in one case a w

find intrusions, w

which must of necessity
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- also be suggest 1t the
ite. parite and chalcocite. It may also be suggested 1]1< :
copyrite. p; K S0 , o e mg e
. et of deposite are very old and others very young. an o,
el o ' i o f ates in the ccean whic
At sulphates in the
«obably been an accummlation of s ‘
had probably been a ) 1 i e ovean WDCH
: 1I wlv time of the Keweenaw formarion may have bea arl
at the earl - UL o ‘ e sngaestion.
;' from sulphates. Thiz would. however. be a mere ngee :
ree from s ates. , P Jhemeso
| the question also avises whether these red rock o ;
Because 2 b H . e ST
] ( cases do not indicate tervestrial, perbaps desert (,] ' .
i whet V ieht not bhe ¢ cnmulation ol
md whether in such cases there might not be an nu,mll e o o
( ‘ l i iwch as are fc in the ex-
(1 inute quantities of copper chlorvide sich as are foun o
; e . » | i hic 1der proper condl-
halations of Santorin and Stromboli’, which under p )11 o
tions might work down and be precipitated, acem diy ,‘ e e
\Ctions sug i (hose which seem 1o
wetions suggested by Steinmann, or those which seen
ac SoRlggeste ) ‘ )
o the Keweenaw formation. .
e o sther certain depoxits are syngenetic or
This question ag to whether certain dej - N
epigenetic ix not a matter of mere scientific eurio 1]‘ e
3 ] . - ') 1636 v ‘< ] 3
h)u is introduced along certain fissures, then sunc: o
copper 1s X N " ‘ - s onated i "
]1(110 Jong these fissures for the porous beds impregnate N
The re ! e Central mi 01 i e, seemed to envich the
i Centr: Hroinstance, seeme
The vein of the Central 11111110. [1“~ 1 .t( e T1. on fhe otler
i rvedaloids through which 1t passed. , the
-arious amyvgdaloids through | e the othe
. the bper vas in some sense or other syngenetic, that 1s 1;1
hand, the copper was <ENS other sygenctic, it = o
( (/I wigh to use the term in a broad sense) in the w ;1 P
say ( S se 1 road ot
jnne out with eruptions of a certain date, or in the ro x“m e
(:‘ 7 ‘ . & ’] '] '4
1 it is along such lines that one should look for a col :
then it is along suc
e i hastilv or lay down too arbi-
i " - dec ) hastil) ; g
The wise man will not decide 1o E e e e
trary a rule, but if anvone will look at Lewis” maj 1 1 A
i -,, < b1 . . o X gse AL .”},) ) I
i i o pretty clear that the base a1
sey Triassic it will be pretty clear t ( =t
sey Triassic 1w ’ S Vimeg s - which search for
\I;’l]ll’tiin are definite stratigraphic lines along w 111](, ; o
RiLe H « PO TR e 3 as along ‘
er has proven relatively promising, just as 1t has along
copper has s > ¥ pro
{earsarg f Keweenaw Doint. ‘ ‘
Keamange ol o h(“' ii ces where native copper is the domi-
‘ s to me that m ail cases : : .
It seems to me that i ¢ mative o e s
t ore it may be well to see how far its accumulatio = e
nant or ay be : ahetance which ooine i
: lained as a replacement of some substance \\hl(,h}b ?d "
o tion keeps ol - alkaline, while the acid ele-
i - alkaline, w
ion k s the solution neutral or ¢ , : : ¢
solution keeps the s ! & W Cae e
t (O or Cl) with which it was combined is used eithe L
-t : . . gt o S @
nl.(. : or in attack on other elements and perhaps @ ”]
i : . ) A
oo ond le of the perhaps unequally lheated solution. T 1;
other end or pole a e ated
epeated occurrence of traps, salt water, and red 1(.)(1,\ t(} e
Witk N ‘ re than accidental, X
i 1tive copper wc seem 10 be more than ac \ .
with native copper would se 3 e waty.
favor a theory of lateral secretion, usimng th
‘ i ' 2 i ) . .
) 3 ¢ s 3 o el n-
s0 as not to exclude intra-formational cireulatio

. ) b April-May) cite TOIM JAnsse
INnco LCONCM eQlogy R D. lay) citec 0
3Lix I 11c 1907, p. 260 (11, No. 3,
C , JLCo Geolo )7, 11 AY A 1 . 3
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In coming 10 this conclusion T do not wish 10 lave it taken too
broadly,—it applies to the Lake Superior native copper deposits
primarily with some probable application to similar native copper
deposits elsewhere. The universal distribution of the copper in the
Keweenaw must not be overlooked.

The Clark-Montreal figures
are elsewlere given.

Hole No. 1 at Mamainse gave in 530 feet an
average of 01465 . Another feature ix the fact tha COPPOT OCCUrs
at times with no other lode minerals, in the Nonesuel sandstone,
for instance.
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CHAPTER N

PHE DEVELODPMENT OF TI1E COPPER MINER OF LARNE SUPERIGR AND THEIR

GEOLOGICAL RELATIONS,

BY 3. H. MEUCIIE.

A large percentage of the people living in states bhordering the
Great Lakes have, at one time or the other enjoyved a trip on the
palatial steamers plyving these waters. Those who have been for-
tunate enough to have gone along the southern shore of Lake Su-
perior and passed through Tortage Lake will probably remember
Keweenaw Peninsula by its deep copper mines and the ponderous
machinery there in use.

Some probably wonder about the beginning of this district and
think about the first discoveries and explorations. but few take the
trouble to follow the development of this district and determine
how the mines have graduvally come to be worked on so grand &
scale that it takes from half a million fo a million dollars to equip
one. In order to explain these facts it Is necessary to go into the
history of the development of these mines. This repori, written
largely for that purpose, will quote from articles written at vari-
ous times by different authors. I defend myself for doing so
mainly because these original articles give us the view point of the
country at that time and contain prophecies, some of which have
been fulfilled, and criticisms, some of which have and are being
acted upon now and others which I prefer not to hold as my own.
This is especially true of Professor T. Egleston’s paper of 1877,

While copper has been found along the north shore and on Isle
Royale and somé mining has been done there, the only locality
where mines are worked to any profit is on Keweenaw Peninsula,
and to this I shall confine myself. This peninsula which juts into
Lake Superior is about seventy miles long and at its base thirty-
five miles wide. The trap or Keweenawan formation is the central
ridge. In Keweenaw county it extends to the shores of the lake as
far west as Bete Grise on the southeast side and to Gratiot River
on the northwest side.  Here it takes a more sontherly trend than
does the shore and departs rapidly from it «o that when if reaches
the Ontonagon River it lies back about fen miles from the luake,
being separated from it by the Western or Freda sandstone.  The
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castern lmit of the trap ix marked by a great fault which can be
traced from Bete Grise to sonie distance past Lake (rogebic. This
fault does not follow the strike exactly but cuts across it somewhat
irregularly so that while we have a horizontal thickness of almost
seven aniles in Keweenaw connty it does not average more than four
between Dortage Lake and the Ontonagon River. On the east of
the copper bearing traps lies the Lastern Randstone.

In Keweenaw county. owing to the tilting at an angle with the
Lhorizon the range is made up of a series of sharp  ridges lving
paratiel with the outer coast line. These ¢litfs, vising 1o a height of
from one to two hundred feet. face the southeast with eliffy sonrh-
ern and tlat northern faces,  After leaving Keweenaw County the
ridges disappear. due to the higher dip of the strata. and we have
a4 platean some six hundred feet above the lake, marking the trap
range, and sloping gently to the lake toward the west but abruptly
dropping oft on the east,

In this plateaun there are come noticeable breaks, such ag Portage

Lake and the Ontonagon River. both of which cut across the trap in
deep valeys,  As a 1ule the country is  covered by glacial
deposits. The average thickness ix six or eight feet, but there ave
some heavy moraines, a notable example being Wheal Kate. At
other places the rocks lie bare inviting the scrutiny of any pros-
pector.

There are two distinet methods of the occurrence of copper. In
Keweenaw and Ontonagon counties most of the copper has been
extracted from veins while in Houghton county it is the amygda-
loids and conglomerates that are workable. In Keweenaw county
veins run across the strata at nearly rvight angles to the formation.
They are within ten or twelve degrees of being vertical and expand
and contract at short intervals. Among the most prominent of
the mines worked on these veins were the Cliff, Phoenix, and Cen-
tral.

An entively different set of veins is found in Ontonagon ¢ounty.
Here they strike parallel with the formation, but generally dip at a
higher angle than the country. Among the mines located upon
such veins, we have the Minesota, National, and the Rockland.
Veing are principally famous for the masses, all of the above named
mines having produced them weighing as much as four or five hun-
dred tons.

The mines in Houghton County are worked on deposits where
little mass but a large amount of stamp rock is found. These de-
posits have proven more persistent and more reliable than those of

H
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either of the other two counties. The beds are really @ part and par-
cel of the country having the same dip and strike. The amyedaloids
are merely the upper vesicular portions of the Java flows which.
ewing to their porosity. have become a depository for the copper
or copper solutions.  This ix also true of the conglomerates. While
there are about twenty distinet conglomerates traversing the Point.
<(ill there are bt 1wo which have vielded enough copper to work.
These are the Calumet and Allouez Conglomerates.

The copper mines were worked before the advent of the white
men.  Just how long before is a question. M. Jacoh Houghton
thinks these ancient miners lived during the stone age of the race
and another writer that copper used in brazen images during the
bronze age was imported from America.

“The high antiquity of this mining ix inferred from these
facts: That the trenches and pits were filled even with the sur-
rounding surface, so that their exixtence was not suspected until
many vears after the region had been thrown open to active ex-
}slor;ltion: that upon the piles of rubbish were found growing trees
which differ in no degree as to size and charvacter from those of
the adjacent forest, and that the nature of the materials with
which the pits were filled, such as a fine washed clay enveloping
half decaved leaves, and the hones of such quadrupeds as the bear,
deer, ;md'(z:lribon, indicated the slow accumulation of yvears, rather
than a deposit resulting from a torrent of water.”

Mr. Grabam Pope, an early pioneer thinks differently. He says:
“To us {he explanation is simple enough if we dismiss from our
minds the troublesome theory of an ancient race coming from a
far distant southern land and spending only the season of naviga-
tion here. When the Iuropeans made their appearance on this
continent, they brought with them cooking utensils made of copper,
hatchets, knives and axes made of steel, and all kinds of attractive
01-niunen‘1s for the person. The native Indian found it easy to ob-
tain all these things in exchange for the skins of wild animals then
so plentiful.

He found them vastly superior to any he could make from copper
whicll he could obtain only in the form of float, or of small pieces
broken from the rough edges of masses. He therefore had no
Jonger the need of hidden copper which was obtainable by méans
of hard labor, always distasteful to him, and so his mining opera-
tions were abandoned forever.

Two hundred and fifty vears and more had passed after the red
man had discontinued his work before the white man took it upon
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Limselt. There was then ample time for these pits
assume the appearance and condition in which 1l
1845, There was no sign of any work done in 1l
that which could have been done 1

and {renches to
ey were found in
1e past other than
wvoour modern Indian.”

The Indians in the country had no knowledge of lode
containing copper and ir was many vears '
thrown open before the workings of these m
covered. It was then ]

s or beds
after the country was
1cient miners were dis-
earned that almost every vein or outerop of
any value had pits some as deep as sixty feet,

extending into the
solid rock.

At the bottom of these pits were found cartloads of
stone hammers, some of which weighed as much as 1l
Here masses have been discovered which were
moved and the marks upon them show ihat 1l

irty pounds,

too large to be re-
ey contented them-
selves with heating the mass and pounding off chunks. The method
of mining was 1o heat the rock by building a fire nupon it, then
~suddenly cooling it with water, and pounding with their stone
hanmmers to disintegrate it. There is no indication of melting or
smelting.  Their efforts were therefore confined to middle sized
pieces. neither the large ton masses nor the minute particles in the
stamp rock attracting them.

When the knowledge of these ancient workings became known to
the explorer he used them to aid him in discovering his much
coveted copper lode. In this respect they have been of much use.

The discovery of America brought many people to this shore.
Among these were the Jesuit Fathers who labored earnestly to es-
tablish the Christian Faith among the Indians. To them the Great
Lakes offered an easy path to the inferior and they soon had pene-
trated to the head of Lake Huron. In 1641 two priests landed at
the Sault Ste. Marie and from a party of Indians learned of a
great lake lving farther. which they declared was lar
other of the great lakes. )

Father Mesnard in 1660 set out from Quebec and pushed his
canoe along the shore to the head of Keweenaw Bay. Here he
remained through the winter and in the spring accompanied by a
single Indian entered Portage Lake. In 1668 Father Marquette
and Father Allouez established a permanent mission at the Sault
Ste. Marie and formal possession was taken in the name of the
King of France.

ger than any

Two years later two Jesuit Priests explored the entire coast of
Lake Superior and published a map of the Lake in Paris in 1672.

These Jesuit Missionaries failed in their attempt to colonize this
district and to convert the Indians, for it was two centuries after

; 9
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thev came that this solitary wilderness was distl'lrl}'},)((:l l{;\;“(‘)vzli(;ll: t]llélflz
. jans and some adventurous voyager. Liey. |l
;2;):1‘3‘“‘;‘ ﬂu:ir adventures and discoveries and thvso‘ 11:{1’\'01 1)1'2:1‘(;11'
of immense value not only to historians lbllt‘il.’\' uw:rur.ds n 1]10 ';l ol
rv.  The occurrence of copper was one of the objects which @
acte weir attention. o
H{'.Ilflrnzdzﬁll(znz\ccmm1 of the occurrence nf'nuﬁw (-(»}»].»ervq(.)ll“]}il:;l;:
Superior was published in Paris in 1636, fh’e fm““? &1:'1\“1(1L ,We/re
are mines of copper which might be made 1)‘1'(}111:}1)1(,t i 1 e
inhabitants and workinen who would labor (zu'l,htnl].\i T fd}t \ndred
be done if colonies were established. {\b(mt C]ggi;\lvnoi;«](:lil:il xr;r'uchv
agues fr he Hurons is a mine of copper, 1r
if}‘(‘i‘;‘;}f‘ti’i‘ :ll::wed e an ingot on his retaurm from a voyage he
‘ o the neighboring nation.” o
Hml‘:li(l}tl:gr I;};Houo; mzlke:nmnjiun of pie_ce§ ol (:(»p}.)el'. -“‘e].gl:tl,lintlzg
to twenty pounds in possession of the Inf,‘nans, “,Vh]d,l .irhe)/‘ i (iﬁiqill(,1
as domestic gods, He also makes mention of a large mass rising
ya - v Y7, ' y
h(:;‘lllletgis‘? ;:;Lning operations were hegun by an Enghsh]’naln, Ac‘lf:;t
ander Henry, who in 1771 formed a company :\nd.selﬁec‘ffxtha i o
twenty miles from the mouth of the Ontopzl.gon Rl\e (g e(; :lt‘ic
of hi.\j operations. He was :\ttract.ed to this spotdb\ ) 1(3[1le b(mﬁ
boulder found there. Duving the winter they d»1v‘1t1e in <()1 e
some forty feet but failing in their search they abflfll onqebqb1 ,
iﬂuw in the spring. They obt:ii;\ed some copper which probably
g sen chipped from the boulder. .
hdi 1;2:(1»11((111]iitempt, equally unsuccessful but n'rlorev ‘en(rfo‘umg}]éﬁ
was aitempted on the north shore. Here thcfy b‘(rlllu’ck (tl 3 :(1)21]3 (_hs_
drifting about thirty feet but it narrowed ‘1'5«1?1 x d,]i]qte; on e
appeared. The work was soon abandoned %15 hxrs z}ss?)(,{) e,l ;l, el
to advance more money. Henry, who zseemsvto.ha\c f ‘1 ; l(iin,
historian. gives a detailed account of Ills'opgrzxtforjls bll ;(r)xd b(:fort
comments “that the country nm?i.,be cultivated and people >
OPPEr Ci ¢ profitably mined.
wll)i,cllm;aﬁeelf sluggested and probably '\Vitfl .some‘t‘rutl‘l .1:1'1(:113 etl:)
present ownership of this district by ‘r\l;fcl 'IngnIt)(;d ;;(:111[3\3111; due i,n
¢ T - f these early explorers. hi . Fre W
?’ldculsep(;)éfjng the American Revolution, I:epresenjnng »the‘ n"xtf(;“:s;(;
of thé colonies he probably became acqu.amted with tl}e TIQ‘;OD(; o
the Jesuit Fathers and learned of the ex1st.ence of ‘Cop*pellda zoz\ hi;
southern shore of Lake Superior. Knowmg.th]s, \;oudid? Thi.s
foresight tempt him to draw the boundary line as he ?

']
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ix ])zll:l'l(:ﬂ]{ll‘]}' probable when we notice how the line curves up to
take in TsJe Rovale (Vol. VI, Pr. I page 3 7

‘ However this may be, it ix certain that the upper peninsula did
not appeal strongly to the People of Southern Michig:

‘ an when it
wis given to them.

Prior to admission to the Union both Michigan
and Olio claimed a strip of land borderi mg on Lake Lrie includine
what is now the city of Toledo., o great was the dispﬁlo that i;
1S35 when o convention  assembled  at Detroit to "
Loundaries of the new stafe both sidex began to prep
flict.

define  the
are for a con-

When the matter came before Congress that body agreed 1o ad-
wit Michigan provided the people wonld rel imquish their (lmn(to
this most coveted territor Y oand to mollify {heir feel lings offered
them the little known region bordering on Ldl\o Superior. A con-
vention called soon after indignantly refused these u)ndnm;r\ i)l11
fater it was decided to reconsider the matter and reluctantly the
state accepted the Upper Peninsula in place of the Lake Erie ferri-
tory and in January of 1837 Michigan was admitted to the Union

This ends the preliminary history of the Upper Peninsula. Just‘
two centuries after the first published report of the occurrence of
copper we find the country little changed. little known and con-
sidered of no value. Hardly, however, ad this territory been ae-
quired by Michigan- than people began to realize its Vﬂ.h;e and ten
years later we find a fairly populous conntry with mining com-
panies. This change is due in good part to Dr. Douglass Ho{whton
and the Geological survey. ‘ °

The survey of Michigan was begun in 181819 under the Federal
Government. In the latter year Gen. Lewis € ‘ass, accompanied by
Mr. II. R. Schooleraft in capacity of geologist, proceeded on a tour
ol inspection which included the south shore Of Lake Superior. In
July the party entered. the Ontonagon River for the purpose of
visiting the celebrated copper rock. Mr. Schooleraft speaks of
finding copper along the banks of the river. Many of the reports
of copper that they had heard referred to this river but nothine
definite was known and it was for that purpose thev were makin:
the trip. ‘ ' )

With great difficulty they accomplished the trip but the size of
the houlder scarcely met their expectations. Still Mr. Schooleraft
thought it remarkable. He says the mass had evidently been mo‘\'ed
some distance as the adliering rock was "‘Ser'ponﬁne”‘ and foreign
*to the vicinity. ;

This mass of copper up to its removal was the largest in the

|
{
§
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world, In 1842 it was taken 1o the mouth of the river by James
paull. ( Paull or Ehldreds?). Preparing a truck upon which he
hoisted the rock. he succeeded by means of a windlass in drawing
it down below the rapids. ere he loaded it on a flat boat thence
econveving it 1o the mouth of the river. It was soon sold to the
Tnited SMates Government and has since been on the grounds of
the war department at Washingron.  Mr. Paull remained at On-
fonagon and 1hus hecame the first permanent resident of the copper
country.

At the time or really just before the time of the deeding of the
Upper Peninsula to Michigan. Dr. Douglass Houghton. in 1834, com-
menced its first systematic and scientific exploration and in his first
annual report, published in 1841 presented the results thus far ob-
fained. Tt was this report that attracted the attention of the
world and which a few vears later caused the influx of people and
eapital 1o Northern Michigan. Tlow well he knew what the future
was is shown by his words: “While T am fully satisfied that the
mineral distriet of our state will prove a source of eventual and
steadily increasing wealth 1o our people, I cannot fail fo have be-
fore me the fear that it may prove the ruin of hundreds of ad-
venturers who will visit it with expectations never to be realized.”
At the same time, however, the nature of his findings were so dif-
ferent from what had been known zm,\‘wllere else  that many
laughed at him and dubbed his work s “hack woods mineralogy.”

Smarting under the chafl he enter ed into a contract with the
Tnited Siafes Government to execute the linear survey of the
northern peninsula in connection with a geological survey accord-
ing to a system devised hy himself. The township lines were run
by Mr. Burt or under his supervision while the other subdivisions
were made by other deputy surveyors All rock outerops were ex-
amined and specimens taken and ]()('il]if)‘ noted. DBesides this.
gpecial information was taken for whatever geological or topo-
graphieal knowledge that could be gained. The system was fairly
organized and field work for one season completed when his bril-
Hiant and useful career was terminated by his drowning on the
night of October 13, 1845.

“Dr. Houghton was a man of indomitable energy and persever-
ance, and fervently devoted to the cause of seience. Had he lived
to complete this great work, he would have erected an enduring
monument to perpetuate his name. He died in the discharge of his
duty, prematurely for the cause of science, prematurely for his own

fame.”
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. The next survey was carried on by the United States Geological
Survey. In the spring of 1847, Dr. Chas. T. Jackson was ;lpim;lt(;&
T,)O c.xw:m'e a geological survey of the mineral regions of the I'ppm;
IL‘IIII'ISH]:L but resigned two vears later and Messrs, J. W I*;o&
and J. Do Whitney were appointed to complete il;. 'i"he.\' 11111(1‘e ;“(i'
%'(‘lu‘n"ls. one on the copper deposits in 1850 and the orthor( on thé
iron deposits in 18510 The fact that none of the (Jssont‘iﬂs have
changed show lLow carefully this work was done. S
In 1869 a joint committee of the rwo honses (;f the ILegislature
fnnde a report on the subject of a geological survey of the &7\1( ‘de
in urging for a geological sumrvey of the Cppell i)ellinS;;1:1 &;1(}
“lll.ﬂ!(.’ nmeanwhile these hardy pioneers have Iabored 21¥1d(\\"21(ite(if
Hll{l)ll now, \?‘ith a population of near 33.000. a capital invested in
],1.7 (rmupzlm.(es. fo1 developing copper. of $16,250,500, upon which
%ms been paid dividends of $3.880.000 and an iron interest which
in ﬂ{@ twelfth yvear of its commercial life. produced 011(;-f;}ti1 of ‘11{'
‘L’he‘ iron mined in the TUnited States. thev have rights ‘ﬁnd 1'(119
state hflS duties—long neglected duties—toward ﬂlbem,‘,whichvi‘i:
were wise to no longer neglect.” ' S
Acting upon this report the Legislature brought into existence
the present Geological Suvver. How little the néeds of such ;1 qur—v
}f*ey were realized is shown by the introduction to the first rel;orr
in 1873 by Major T. B. Brooks in which he says: “The presenf
survey \.\'as inangurated by act of the Legislatu}-e of 1869, \\"hich)
appropriated $8,000 per year for the work onedhalf of Wlli(:h went
to the Upper Peninsula. This amount was again divided ’equallvl
between the Iron and Copper Regions, which gave $2,000 per VG&QF
to cover all expenses, including salaries, supplieé ’instrumén)f@
travelling, ete. To the $8,000 aggregate for four V(’aars from th;;
source the Geological Board added $1,000 for c-hemuical work mak‘:
ing $9,000 in all received by me from the State for the sur-irev of
the lron Regions. In addition to this sum I have expended ai)out
$2.000 of my OWI means, and have not received any coinpensatiom
for my services. This small sum would have been inadequate to
have accomplished anything worthy of the importance of the work
undertaken, had not several corporations and individuals gener-
ously come to my relief.” o
Up to the time of Dr. Houghton's report there was little more
than a vast wilderness on the shores of Lake Superior. A mission
ha.d existed at Sault Ste. Marie since 1668. There Weré humble
missions at I’Anse and La Pointe. At Fort Williams, on the norfh’
shore, there was a trading post, but these few place§ made up ’rhé
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entive list of settlements. But a few yvears later a land office was
established at Copper Harbor and in 1844 a company of infantry
was posted here and their stockade named Fort Wilkins. These
two establishments formed a nucleus for settlement.

Thix became the first camp in the copper country. It was a safe
and convenient bavhor. Moreover it was right on the copper range
and copper had been found right on its shoves. There was very
little glacial drift to hinder them and the geological horizon eould
be readily followed. Daring the season of 1843 and 1346 the place
hecame a city of white tents and it teemed with life and hope.
Tn 1846, a subland agency was established at the mouth of the On-
tonagon River. This river afforded a good harbor and it soon be-
camne a lively camp.  With these two starting peoints it is little
wonder thar the two counties of Keweenaw and Ontonagon should
become the places of onr first active mines as well as original ex-
nlorations.

Usually all lands are controlled by the Land Office, but in the
case of the Lake Superior District. the War Department had
charge of it. To begin with they first decided to lease the land.
and permits, as ri\e}' were called. were issued in Washington. They
at first covered nine square miles, but it was soon found that the
applications were o0 nuUmMerons and there would be a scarcity of
land, so a change was made in the permits reducing their holdings
to one square mile. “These permits were authority for taking
possession of any lands not otherwise claimed. The holder of the
permit was allowed one vear for exploration, and three years more
to mine. with the privilege of two renewals of three years each,
making the whole term of occupancy ten years. The department
required returns 1o be made to the Mineral Agency giving an ac-
count of the work performed and the mineral raised, and a payment
to the mineral collector at the rate of twenty per cent of the
mineral value. The term of the grant, or lease, was presumed to
be ample to enable the fortunate holder thereof to realize immense

gain—such wealth as would enable him to leave his mine, plant
and improvements without regret. free to the next comer. In the
days when permits were issued they were much sought for. The
holder of one of these pieces of paper considered himself a rich
man. So valuable was the whole copper district considered to be
that it mattered little where one plastered his permit. People were
simply wild—hence after an examination, many a rich location
was found to be entirely worthless, was not on the trap range, or
was covered fathoms deep below Lake Superior; money was made

S
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by T]l(f'SZ{](‘ and transfer of these permivs, but the last holder h:
1he :ann satisfaction often of knowing himsv]f !\‘(»}(4{ - e ad
] “‘l‘:lﬂer\\';u-](:s cn;n]nissiu]ls were :’1]»1)4)111;011 10 ;’1]}}»1-;1is<: the mineral
ands and they fixed upoen a price of five dollars acre. L :=
]11;1)\\1*\'01-. :111)] ]u;uls were sold at the price of (»113‘1 :1]0]];111!*l ;1(111(;'; (1 (‘11]1“;‘11':(}1:
an acre. By the laws of Michigan no corporation ¢ ol :
:}]ulm 1[}011 ﬂ:fmsund acres but o Iater ;’nnem}'lmvnt :]1::\’\Tdm]il](:‘110‘]]]‘1(;;
nanufacturing ¢ anies w "4
ﬂ](mm]x;(;1;1(:11'<nmp(mu.\ who use charcoal Targely 1o own fifty
The speculative craze commenced in 1843 wlhen the cessi f 1l
land to the United States by the Chippewas was m'ﬁﬁ(‘)"l“’“];’ 1 l:
the summer of this vear a Mr. Ravmond made (‘;‘]’T;lilrlr ']m;ﬂ]']']mc
Ijl]'()e of which he disposed of 1o the Pittshurg & b]h'»smnr &I’iii;ﬁi
H;)}ll]:p;n: 1\/\']10‘.1)0(9“1‘1 mining 1’11}* summner of the following ,\'ea;-
"he 11‘,1., ocation made was at Copper Harbor, where the outeroy
()f.il cupriferous vein on what is now called Havs Point \\;‘1< a )
S]’)l(‘,ﬂ().ﬂi\_‘ object. known to the ‘voyvageurs' as ‘1"120 Q‘X’PGI; }(()d\l Cl(;}:i
1[1;11:)1 (i],:f(]]l ?)fng:‘l:e,“,) 11?:11‘ b'e‘nmiful harbor jong 1;(31’01"@ it béc;\me
the ¢ ’ !(,0’17)}‘,91- excitement. A little work was done here
in Uae., autwmn of 1R44, but on clearing away the ground on 1l
opposite side of the harbor, where Fort \’\;'illzi/lxs how wl 110
numerous boulders of black oxide of copper were found ov}"l(mt]Sz
belonging to a vein near at hand, which was (“S(:()\'Pl"ed‘ili ]“) efn :
b(’,lj, and proved to be a continuation of the «)n(;‘\\'orrl'ei : G(;el'll;
o & : ced on Iays
Mining was commenced here immediatelv; two shafts wer
sunk, about a hundred feet apart, and consid‘e rable 1)]-17('1(' ;\ ele‘
copper taken out, mixed with the silicate. This \Vﬁq \u\\ Oi]"? O'E
flb]c, as it isrﬂms far the only known inst'unceuof 1 \'(lii.l (]- :“1‘“;1“
mg.{'lns as the principal ore. or in any other form other -t<1 1-1 am;
fln impure mass, mixed with the salphuret of copper -ﬁld ()Yil‘lnmlq af
iron and manganese, and resulting from the de)nrqn(wiﬁm; (f( ]O)
common ore, copper pyrites, This proved, however 11)51f<;1-1‘11:i~' 1't11ui
to be only a rich bunch in the vein of limited e&l',em' ~11id xl (‘
gave out at the depth of a few feet, although the ﬁ«'m‘”“ "“ l']'(h
ued.j’ About thirty or forty tons of oxide \\b'ere ubr‘l};ledw o
Finding that their present location would nét p{(l\' ]‘01 further
d'evelopment the company turned its attention 1“6 11~ Lother “it ‘f ]
tleSi among which was the Cliff vein discovered in flle Qum}zwl')u'
1845. This vein was first discovered on top of the large :rr nefl .
bln{f. Here it appeared to be but a few inches Wi(;e goffcn? ('me‘
native copper and specks of silver. During the succeeding aif]a[;llni
- E=}
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Arifr was carried into the greenstoine dixtance of about one hun-

Ared feet. hut did not prove ehcouraging.

About this time it was examined by D, Jackson and Mr. Whit-
ney who reported that 1he surface indications were not favorable
0 ont and become richer in depth they
advised a thorough examination at the base of the ¢liff. During
iscovered a siall mass while clearing away
od their search and soon the

From this point a drift was
proceeded seventy feet

hut bhecause it seemed to wide

the winter the miners d
the talus at the base,  This stimulat
vein was fraced into the amyadaloid,
carried into the vein when. after having
vy fortunate cireunmstance, not only to

«

they struck a large maxs
je whole mining interest on T.ake Superior.

the company. but to tl
ngaged in these pursnits, and in-

Tt gave enconragement 1o those e
duced them to persevere. It also demonstrated the true source
from which the loose masses oceasionally found on the lake shore
had been devived. It demolished the fanciful theory advanced by
at least one geologist as to the transport of the Ontonagon Mass
from Isle Rovale, and showed fhat it was not necessary to resort
to icebergs and changes in the relative level of land and water to
account satisfactorily for its position.” (Foster & Whitney.)
To this mine the Copper Country owes muech. It acted. we might
say, as the fiy wheel which carried the country through the depres-
sion of 1847 following the wild speculation, when the country was
1t becanme a success from the start and in 1849
of $60.600, over half of what had been paid
fhis time many people had been looking

almost deserted.
paid its first dividend,
in on its capital. Before
for sulphurets, thinking that the conglomerates and sandstones
were the original source of the copper. After much dearly bought
began to realize that in and only in the
trap range could they expect to find copper. It did. however, have
one bad effect. and that was 10 completely tum the attention of
fhe miners toward fissure veins, They considered it the one thing
needful.  This was an easy task owing to the bare escarpments
tacing the south all along the range. Veins crossing the formation
and dividing the cliff would be detected in exposed places or the
deep breaks would point out then. ’

A large number of mines were sooul located wupon these fissure
veins. Among those may be mentioned the Phoenix, Central, Con-
and many others. Many of these paid for
slarted with extravagant ideas of wealth.
of the Phoenix very readily illustrates this.
about eighteen hundred

experience the explorers

glomerate. Copper Falls
themselves but all were
One of the early reports
~The whole known length of the vein s

Y




SECTION OF THE CLIFF MINE
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Sketch by A. H. Meueche, after Foster & Whitney.

CUff mine in 1850.
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Fig.
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soel. Tt widih is satisfactorily proved to he eleven feet for a dis-
tance of two handred feet: and it is probable that it will hold a
workable width thronghout the eighteen hundred feet, Tt is ob-
vions 1hat there is an adequate quantity of rich ore in this vein to
conder the work very profitable. and that there is no danger of
1d it give out at the depth of one hun-
1f the ore runs out at
7

i

exhausting 1he ore. even shou
dred feet. of which there is no probability.
considerable depth, say two hundred feet. it will he a matter o

it might he to

oy
al

fittle importace to the present generation, though
posterity.”
Leaving Keweenaw county with

to be developed was Ontonagoen county, where the vein parallel to
Tere the first mine of any

s fissure veins, the next point

the formation is the source of copper.
Alinesota. was discovered by the discovering of the
aneient mines. M Samuel O. Knapp, during the winter of 1847-
48 ohserved a continnons depression in the snow. ihen three feet
This spow had been so little disturbed by the wind that it
“Following up these
here the

areat value, the

thick.
followed closely the contour of the oronnd.
sndieations along the sonfhern escarpment of the hill, w
company’s works ave now erecied. he came fo a longitudinal cavern.
into which he crept. after having dispoxsessed several porcupines
which had selected it as a place of hibernation. He saw numerous
evidence to convince him that this was an artificial excavation,
ay with the assistance of two or three men,

and at a subsequent d
out the rubbish they found

proceeded to explore it. In clearing 1
pumerons stone hammers, showing plainty that they were mining
At the botiom of the excavation they

implements of a rude race.
ancient

found a vein with ragged projections of copper, which the
miners had not detached.

“he following spring he exploved some excay
where one of the shafts of the mine is now sunk.
filled with ¢lay and a matted mass of
When he had penetrated to a depth
{ native copper, ten feet long,
over six tons.

ations to the west,
The depression

was twenty-six feet deep,
mouldering vegetable matter.
of eighteen feet he came to a mass o
three feet wide, and two feet thick, and weighing
On digging around it the mass was found 1o rest on billets of
pak. supported by sleepers of the same material. This wood, speci-
erved, by its Jong exposure to moisture,
A knife blade may
The earth was so

The ancient
en abandoned

mens of which we have pres
is dark colored, and has Jost all ity consistency.
be thrust into it as easily as into a peat bog.
acked around the copper as to give it a firm support.

P
aised it about five feet and th

miners had evidently r
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1])(; \\'m-k' as too laborions. They had taken off every projecting
point which was aceessible, so thar the exposed surface was smuml;.
I.ivlu\'\’ Ihis.lhv vein was subsequently filled with a sheet of copper
five feet thick. and of an indetermined extent vertically and longi-
tndinally.”  (Foster & Whitney. (

This mine during the carly history of the country stood next to
the CHIF ax o producer. The veniarkable resuirs of these two estab-
lished the repuration of the respective counties and generally the
prospectuses of the mining enterprises veferred to \1110,% H’S ex-
amples. though in fact they were the exceptions. To the Minesaota
we st give the credit of having produced the largest mass of
native copper.  Its greatest length waxs forty-six feet. the greatest
breadth eighteen and one-half feer, and its greatest 1hi(']\'ne‘ss eight
and one-half feet, and had a weight of over five hundred tons. This
one mass took twenty men over twenty-three months to cut up.
The success of the Minesota prompted the miners to locate upon
similar deposits with varyving degrees of success, Among the more
successful stand the National, Ridge and Mass.

These early mines were all mass mines. They cared little for the
stamp rock. using erude methods of dressing if, thus obtaining a
small percentage of the copper. Owing to the wonderful tenaéit\"
of the metal these masses were difficult to handle and l-eqnire:l
special methods of mining.  When one of these masses was en-
countered a chamber was generally picked out from one xide and
under it. It was then loosened by levers, but if this proved impos-
sible an excavation was commenced behind the mass, being made
large enough to receive from five to thirty kegs of pnwder? Bags
of sand were used to tawp the charge and the drift is barricaded
by refuse aund loose divi. The famous Minesota mass required 1160
kegs or 2750 pounds of powder before it was dislodged. TFirst
five kegs of powder were used. This was increased until affer four
futile attempts thirty kegs were nsed. This shot tore the “immense
body from its bed without exhibiting sign of breaking or bending
in any place, so great was its thickuess and strength. It was torn
off from other masses, which still remained in the solid rocks.”

These hnge masses of copper were too large to be handled and
had to be cut up. The copper cutters first marked off the mass
into bloeks or squaves. The tools used were simply narrow chisels
and striking hammers. The chisels were made of flat bars of
half-inch steel about two inches wide and eighteen inches long.
The cutting edge was a little wider than the thickness of the bar
80 as not to cause the chisel to jam in the cut. A slice was then

!
i
i
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taken across the mass of the copper. This slice was flat, about
one-eighth inch thick and half the length of the cut, owing to
thickening while ceutting. In this wayv a narrow cut was carried
through the copper. The contract price was twelve dollars a square
foot. at which rate the cutters made ahout two dollars a day.

These masses were taken to sarface and dumped on a pile of
Togs.,  When enough masses had accumulated the logs were fived
and the whole heated to redness, This disintegrated the adhering
rock, which was mainly caleite, so that when cooled it eould be
knocked off by pounding. They were then marked and shipped
to the smelting works where they were melted down in reverbera-
tories.

This early practice of cutting masses by hand is still in use. The
greatest difference is that instead of cutting a fiat strip they now
take out a wedge strip. being thicker on one «ide than on the other,
This arrangenment is alternated so that in the next cat the thick
side will take the place of the thin one. Instead of heating to dis-
integrate the rock it is nsually pounded off either by a tvip hammer

or a regular steam haner.

Fig. 63. Horse whim. Sketch by A. H. Meuche, after Foster & Whitney.

The machinery used hefore 1850 was very c¢rude. Horse whims
were then used for hoisting mineral and water. These are best
illustrated by the cut in Foster & Whitney’s report. The drum at
the top held the rope, one end of which was wnwinding while the
other was being wound up. Thus one bucket, or kibble, ascended
while the other descended. Water power could not be relied upon
owing to the severe winters which often choked off their supply of
power. “In the stamp mills, during the intensely cold weather, it
becomes necessary to resort fo fires to prevent steam from con-
gealing on the engine. in long icicles, and the ice from forming on
the stamp heads.” (Foster & Whitney.)

51
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At the stamp mill they had but a few batteries of Cornish
Stamps.  These consisted of three or four wooden pestles with
iron shoes. A evlindrical wooden shaft, with cams. revolving
horizontally, sucecessively caught into the shoulders of the pestles
and raised them to the required height. They then fell into the

oblong cast iron trough which was fed with ore from a hopper

above.

These wooden machines were well suited for the country. Wood
was cheap, while transportation of better machinery was difficult
and expensive. These old Cornish Mills soon became changed as
transportation facilities were bettered. The wooden parts were
changed fo iron and the entire machine being made more adjust-
able until it assumed the type known as the California fype.

The ore mined was divided into three classes: mass, barrel-work
and stamp-work. The mass copper consisted of those enormous
masses for which the country soon became famous. Masses of less
than fifty pounds were dressed by a hammer and barrelled in casks
holding from five to eight hundred pounds. This barrel work was
estimated at fifty per cent pure copper. Stamp-work included all
veinstone with sufficient copper to send to the stamp mills. With
the crude arrangements very little copper was saved this way and
only the richest pieces of rock were stamped. There was no de-
fined method of washing and only the larger pieces of copper were
saved.

The adoption of the skip is characteristic of the change in min-
ing the bedded lodes instead of the vertical fissures. In the fissure
mines the vertical shaft was used and the bucket answered very
well. The inclined shaft was better adapted for the bedded lodes
and even though, at first, they did adopt the bucket it was neces-
sary to slide it along a set of wooden guides at a great waste of
power.

Skips were first used at the Ridge mine in Ontonagon County
and the report in the Mining Magazine 1856 iz of interest. “Their
stuff is hauled up on trams laid down the shaft on the inclination
of the vein—about 45°—which seems to answer the };m'pose well.
And it is certain that an immense amount of friction is avoided
by this plan, if there proves to be no difficulties in its praectical
operation. Where the vein is so flat it seems to us that its ad-
vantages are obvious.”

During this period of development the Tortage Lake District
was lying dormant. It can be seen at a glance that its natural ad-
vantages are greater than those of eithier Ontonagon or Keweenaw
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Sketch by A. H. Meuche, after Foster & Whitney.

Cornish Stamp mill.

Fig. 64.
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counties. It lHes midway between the two named counties. Port-
age Lake cuts across the range at the place now occupied hy
Hougliton and Hancock. At Toreh Lake sonie sixteen miles dis-
tant from Houghton the shores come within a mile of the range.
The shores on the north side of the Lal ke rise abruptly and ar a
point half a mile back obrain a height of six himdred feet. Those
on the south side ave not quite so abrupt. atraining a height of
four hundred and fifty feet a distance of ope mile from the shore.
Mines located near the shore could e: wily bring their mineral to the
shore by means of ramways.  There is plenty of water here to
run any or all the stamp mills,

There were. however, two great disadvantages to the locality.
The first and probably greatest disadvantage to these early miners
was the fact that the copper occurred in stamp rock and not as
masses.  This difficulty has now been more or less overcome at the
present time and even though all the copper cannot be extracted,
enough can be readily extracted to make the mining of these lodes
profitable.

The other disadvantage is in prospecting. The country is rather
heavily drift covered so that outcrops are few, These outcrops
generally consist of the traps as they are harder and more resist-
ing than the amvgdaloids. Hence the copper, which is in the amyg-
daloidal part of the lava flows, is generally hidden by a laver of
detrital matter. This drift. in covering the trap range, hinders the
explorer not only in hiding the copper from him but is of much
annoyance in other wavs., This drift has masses of copper scattered
through it and even to this dav we hear reports of copper de-
posits, “just like those of Keweenaw Peninsula.” from points as far
south as Ohio. It has also been misleading to many explorers
right on the trap range. South of Wheal Kate, even into Ontona-
gon County, the drift is as much as four hundred feet thick. Such
a heavy overburden makes diamond drilling very hard and ex-
pensive, and even though a promising bed may be located, the cost
of sinking a drop shaft may be as much as one thousand dollars a
foot thus making the work prohibitory. Hence explorers and min-
ing men are very slow in doing much work in this heavily drift
covered sectiomn.

During the first few years of the copper country many men came
to the Portage Lake District. They came in the early spring and
returned to their homes with the approach of winter. The first
winter work was in 1846-47 when two parties engaged in mining at
two different points. One party drifted an adit under Douglass
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Houghton Falls and opened the surface of the rocks at many places
in the neighborhood. The work at Wheal Kate was not any more
sucvessfulValﬂmu;:h they continued with it until 1833 when the
work was permanently closed. My, Graham Pope with his dry
humor tells of the methods of paying the men at the Wheal Kate
Mining Co. In the absence of a banking system Capt. Pryor paid
his m‘en with orders on Capt. Lidwards. who jn turn. paid them
with orders on John Senter, 111911 engaged in business in Eagle
River. When a workman wanted mouney he could easily get it
from Mr. Senter after walking twenty-five miles throngh the forest
with his order. Mr. Senter never told these men to come some
other day.”

In 1848 the Quincy Mining Company started exploratory work
on the north side of the lake, but for many vears had no satis-
factory results. In 1832 the Isle Royvale lode was discovered. This
was ﬂlie first amygdaloid lode discovered that contained a workable
amount of copper. In 1833 the fame of the Isle Royale lode was
spread abroad and many mining companies were started to work
it. The Portage lode was found two hundred feet west of the Isle
Royale and the Portage Mining Company was organized to work
both lodes. During this year the Huron Mining Company was
organized with Boston capital to work the southern continuation
of the Isle Royale lode. This caused great rejoicing as it was the
first large investment of Boston capital here. The first steam
boiler in the Portage Lake district was installed at the Isle Royale
mine with a horizontal engine of twelve horsepower. When the
whistle blew at noon for the first time all men quit work for the

-day and indulged in a holiday for the occasion,

“In the spring of 1854 the Huron Mining Company decided to
use steam power at one shaft and a purchase was made of a loco-
motive boiler with engine and drum attached. Capt. Bennett made
up his mind that that plant should go up the hill by means of its
own power. So with an equipment of rollers, blocks, and tackle,
with steam up and a lad of fourteen years, C. D. Sheldon, at the
throttle, a start was made with Capt. Bennett in charge of the
blocks. The people assembled in great numbers to see the work,
and voted it better than a circus. During one performance Bennett
rushed down the hill at great speed using language carrying a
high percentage of profanity. When Sheldon got block and block
he found a number of Bennett’s fingers on the ground, and then
knew what was the matter with Bennett. They got the plant up
to the mine, a mile and a half in ten days.”” (Pope.)
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Another amusing experience in regard to the early use of steam
power is told by Mr. Graham Pope when they brought in the hoilers
for the Albion Mining Company in 1854, At that time no canal
liad been cut at the Portage and the Entry was not navigable for
large boats.  When these boilers were Lrought to the Entry no
lighters were to be had on which these boilers could be placed.
“Finally under the charge of J. B. Lyon. all the openings being
plugged the boilers were launclhied overboard. One of these came
back at the steanier and knocked a big hole in her side, but fortu-
nately, above the water line. The boilers were well roped together,
the domes being kept upright by means of heavy planks bolted
across them. A large sail was hoisted and the boiler catamaran
sailed into the river. A large Mackinaw sail boat was then char-
tered to go ahead with a long cable and the whole outfit sailed up
Portage River and Portage Lake fifteen miles to Houghton, where
the boilers were pulled ashore by cattle power.”

In 1856 the great Pewabic amygdaloid was wuncovered by the
Pewabic Mining Company organized three vears previously. The
lode was immediately located by the Quincy Company and from
that time forth the advancement of this district has never halted.
The Franklin Mining Company was organized in 1857 to work the
Pewabic lode and was under the same management as the Pewabic.

These companies decided to build mills during 1858 Both the
Pewabic and Franklin mills erected Ball steam stamps. These
were the first to be used and they mark an epoch in the history of
the copper country. These first stamps were put in under a guar-
antee to crush twenty-five tons per twenty-four hours. It devel-
oped, however, that they were able to do almost twice this much
work.

The success of the Pewabic attracted eastern capitalists and the
Mesnard, Dorchester, St. Marys, and Albany and Boston Com-
panies were organized to work the lode to the north. The St.
Marys and Albany and Boston Companies did not succeed in
finding it but opened up the Albany and Boston conglomerate
which, while looking good did not prove profitable.

In 1859 the producing mining companies organized the Portage
River Improvement Company and dredged out the Entry so that
in November, 1860, the steamer Illinois drawing ten and one-half
feet of water came to Houghton with 400 tons of freight on board.
The work was continued the following vear so that it could ac-
commodate any boat able to pass the “Soo” locks which had been
completed in 1855. Thus the boats could be loaded at lower lake

H
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ports and brought direct to Portage Lake docks without any port-
age oy use of lighters. .

Tn 18G4, Mr. John Mabbs hecame agent of the Isle Royvale mine.
To him we are indebted for some of the saving methods which took
place. He introduced the large drum for deep winding by in-
stalling one of 16 feet diameter at his mine. He induced M.
Rand who had introduced a heavy drill for tunnelling to make a
light and portable one for mine use.  With some old engines at ﬂl.e
mine he made a compressor and with cast iron pipe conducted his
compressed air underground. thus introducing the power drill to
the mining world. To him we are also indebted for introducing
the diamond drill. having bought an unworkable one in Chicago.

. Mabbs also introduced high explosives, the story of which is
told by Mr. Pope. “In 1870, T think it was, but possibly in 1869,
Mr. Mabbs bought in New York 4.000 pounds of nitroglyeerine oil
which was contained in one hundved tin cans. The oil was thir-
teen times stronger than the black powder then in use. About this
tfime a number of terrible accidents occurred from the use of this
oil, and a great outcry rose against it. but after much trouble he
persuaded one of the Pennsylvania coal carrying roads to take it.
Unfortunately news of its shipment was sent forward when a mob
assembled and stopped its passage. It was then sent back one
hupdred miles, transferred to another road and finally reached
Cleveland. Mr. Mabbs, fearing arrest for violating the city ordi-
nances. was anxious enough to get away, but could get no steam-
boat to take it, and as few sailing vessels were bound for Portage
Lake it was only after great trouble he was able to persuade a
master to take it to a powder magazine above Hancock. The Han-
cock authorities, having heard of its presence promptly ordered it
out of the place and it was removed to an old stope in the mine.
A few days after this, orders came from the east to close the mine,
and he had time only for a few blasts. Nothing disheartened he
persuaded the Huron mine agent to allow its use there With‘the
understanding that he was to do the blasting. He put up a little
magazine back of the burrows and under cover of darkness. put
there one can only of oil, containing forty pounds. The miners
became so excited and furious that they stopped the mine. A great
mob gathered and preparations were made to ride The»enj(erprisingj
agent out of the place on a rail, but they did not get him. That
night they blew up the magazine thinking all the stock‘was the‘re.
it having leaked out that there was more of it searching Partlfas
were formed to get it. Tt was moved half a dozen times just in
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