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§35. MAMAINSE.

One further section with which I am familiar may have a word of
mention. At the east end of Lake Superior north of the Sault Ste.
Marie Keweenawan rocks are found. Here we find the thickest sec-
tion perhaps at Cape Mamainse.® Here we find 2000 or 3000 feet of
not very thick flows of ophitic type and conglomerates subordinate
with a heavy 20 mm. ophite at the bottom. TUnder this is a set of
beds with five important conglomerates and felsitic beds near the
top. Next comes a very heavy conglomerate 680 feet thick, and then
several thousand feet of not very thick flows with occasional diabase
dikes, numerous amygdaloids, and no important conglomerates.
Felsites occur from very near the top down and are often intrusive.
In one place the upturned lower beds are overlain with an entire un-
conformity of strike and dip by sandstone that we may identify
with the Lake Superior sandstone.

It seems as though the Central and Bohemian Range groups
were represented.

This report has so extended that I will not try to give de-
tails of the section for which see Bull. 6 cited above. The im-
portant features for comparison are that we have here conditions
very similar to those on Keweenaw Point or Isle Royale. The dips
vary from about 24° to N. 35° W, at the top of the series to 42°
or more toward the base. The formation is a good deal disturbed
by faults which are, however, not so predominantly vertical as on
Keweenaw Point. The main set strike nearly north, to cast of
north, and dip 45° to 65° E., thus making southward pitching
troughs with which the occurrence of copper is associated. Not
only are the beds as already mentioned similar to those of Kewee-
naw Point but they are markedly similar in the occurrence of
copper. Native copper occurs in some of the conglomerates. It is
more abundant in some cases, at any rate, near the cross-fissures
as it was, for instance, at the Central mine on Keweenaw Point.
It seems, however, to be rather more often a sulphide. In the cross-
fissures both chalcocite and chaleopyrite occur. In one place one of
these fissures had at the center nearly four solid chalecocites but
masses of native copper also occur in the fissures.

Finally, in connection with the probably intrusive felsites dissemi-
nated pyrite occurs. We have practically the same secondary fill-
ings of agates, prehnite, ete., that we. have on Keweenaw I’oint.
The occurrence of copper in so similar surroundings at the other
end of Lake Superior suggests how intimately its occurrence is
bound up with the Keweenaw formation itself. ’

!See various reports of the Canadian Survey, and Ontario Bureau of Mines; also Bulletin 6,
Department cf Mines, Ottawa, Canada.
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CHAPTER VL

TEMPERATURE OF THE COPPER MINES.

$1. IMPORTANCE OF THE SUBJECT.

N

In Fernekes’ and Stokes’ experiments on the deposition of copper
leading to the formation of native copper very analogous to tl.mt
found in the mines, the solution was unequally heatfgd, C()Pl)er being
deposited in the lower or hotter end. It will be (]'lllt(:‘ fitting, there-
fore, to discuss what effect the fact that the mines are hotter at
the bottom has had on the deposition of copper and for-. that reason
alone to gather facts as to the temperatures }')re.vai]ing in the cop}?el:
mines, but these temperatures have also a bearing on .the solubility
of various substances, and on the probable circulation of water.
From a practical point of view, also, they are of importance as they
might limit depth in mining. Too great heat decreu.ses tllé.efﬁ-
ciency of men, though it increases that of compressed .au?'ma(:hm‘es.
It might, therefore, involve an extra expense in ventilation, which
might turn a proposition from a profitable to an _unproﬁ’rab]oe 01?6.
However, at what seems to be the actual rate of increase, 1 F i(?r
each 100 feet or more, beginning at a temperature of 43°F, it 18
probable that the increased cost of hoisting and keeping up the
roof will be more vital factors.*

§2. MIEAN ANNUALTEMPERATURE OF AIR.

The average mean temperatures of the Upper Peninsula, accord-
ing to the map (Fig. 1) furnished by the State \Venﬂler Jureau
for U. 8. Geol. Sur., Water Supply Paper 31, would be 38° fo 42° F.
Calumet is about 1200 A. T. (See Pl 1X.) The record of temper-
ature at Calumet is not quite so long as that at Marquette. The
former runs only from July, 1887 to March, 1910 and the average
for the various months and for the vear ave, as given by the State
Weather Survey, C. F. Schneider, director, as follows:
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MEAN TEMPERATURE AT CALUNMET,

Januvary oo 156°F
February ..oooo0 000 13.8
Marveh ..o o oo 0 22.3
April oo 37.0
May oo 46.3
June oo 594
July oo 64.3
Angust .o o 62.2
September ... 0 55.4
October ... 0 43.7
November ... o0 30.4
December ... ... .. .. . .. 21.1
Year ... .o oo o 39.4

le lwe assume that during December, January, ¥February and
March, owing to the snowy covering, the temperature of the or

is practically 32°, (as it is where i*overed Oil thel lfi'glr \J:]l(‘zhbls(l)il(l)r\lf
though of course, there are spots wlieh are exposed and frozen’
much deeper where the wind has blown away the snow) and if we
suppose also that during the month of April, when the mean an-
nual temperature is 37°, the soil temperature is still kept down by
the blanketing of snow to 32°, we shall have an increase of 4.102’
to add to the mean annual temperature (39.4°) to get the meﬁn
soil temperature,—that is 43.7°. This is near enough in agree-
ment with other observations and with the temperatures ofb the
upper mine levels considering the rough method of approach. The
temperature (43.3°F at 80 feet) of the flow of water from the
Calumet and Hecla drill hole No. 10, would indicate a somewhat
]()wer' mean soil temperature, but it must be remembered that the
covering of snow is quite irregular, and the correction due to it
'whi(:h as we have seen is a very appreciable one, must be equalh:
irregular. Tlle thirty-three year mean for Marquette - (which ibs
only 600-700 A. T.) is 40.5 F' The difference may be attributed
to elevation and exposure. Jackson gives the inegln temperature
ot Copper Falls as 42.11° F, but I do not know the length of time
of the observations. Tt is true, however, that mean teiuperatures
for one year as high as that are reported very frequently at Mar-
quette.  Foster and Whitney (p. 41) give the following(mean an-
nual temperatures:

iU. S. Dept. Agr. Weather Bureau (Bulletin 8) No. 408, April 1909,
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Fort Brady from 36.6 to 11.6, average 39.82
Fort Wilkins 41.46
Mackinac 11.67
Numerous other data may be obtained from (. F. Schneider of
Grand Rapids, chief of the State Weather service.

§£4. MEAN ANNUAL TEMPERATURE OF UPPER MINE LEVELS,

If we wish to get the mean annual temperature of upper mine
levels. we may make direct observations which are liable to be
affected by the ventilation of the mines. We are able to make
better inferences from diamond drill holes, in case water flows
from them,—as occasionally does happen. The temperatures of
springs are also of importance.

Of especial interest are the ebservations made by C. T. Jackson
in his old report' since they were taken before mines were deep
and there was a chance for heating effect by warm air rising from
below. We may make the following tabulation from his report.

JACKSON'S OBSERVATIONS, 1844.

Page Mine Depth  Temperature F . Remarks
412 Lac la Belle 100 44.6 Springs in drift
412 Lac la Belle 100 50 " Drift July 10, air outside 77°
413 Lac la Belle 140 44°
443 Lac la Belle 179 48 Air ¢
45 Water July 15, air outside 71°
Upper 47 Air
44 ] Water
447 Copper Falls 130 48 Air, air outside 64°
462 Copper Falls 120 44% Air
.20 443 Air
458 N. American 155 44
123 45 External air 59°
’ Sept. 23
95 43 Spring
459 Boston & 236 45 Rise of 1°in 88 ft.
Pittsburg 180 43
: 120 44
60 44

It may be worth noting that (p. 498) temperatures for Lake
Superior ran from 9° to 2.5° C mainly about the maximum density
of water which is 3.5° C or 38.3° F.

It is clear that the temperature at the “invariable depth” (that
is to say a depth at which the temperature did not vary appreci-
ably during the year) was 43°F to 44°. Jackson assumes 43° as the

1Annual Message and accompanying documents, 1849-1850, Pt. III.
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nean surface soil temperature. This is entirely confirmed by later
ubservations.  Prof. H. A. Wheeler gives a 1’;0111])91':11'111'901"' 43.3°
at 112 feet.  smillie found 44.5° in the breast of a drift at
the top of the Quincy mine 332 feet above Lake Superior, i. e.
200 feet = below the surface. Wells and springs have tempefature;
from 43° to 45°—rarely below. Nee the data collected by P,
Leverett in a recent Water Supply paper (160. pp. 30-44) 01; the
U. R Geological Survey. ’

§4. RATE OF INCREASE.

An artiele by H. A. Wheeler' gives observations on mine tem-
peratures ag follows:

—Depth— —Temperature—
Gradient Upper Lower Upper Lower
Atlantie 99.5 111 907 43.6 51.6
Central 101, 90 1950 426 61,

{ Conglomerate 95. 90 617 42.8 48 .3
(Delaware) or (Manitou) '
Quincy 122, 111 1931 43. 58.5
. Osceola 76.5 136 996 423 54.5
Tamarack 110.7 136 2200 43. 62:

In the 1901 report, page 245, T gave some tests at the Cham-
pion Copper mine, in 1902 at the Champion Iron mine and Freda,
and T have other notes all tabulated below :

Depths in parentheses are vertical from surface; otherwise they

are along the lode or hole, and may or mayv not be.

YAm. Jour. Sci. (1886) XXXII, Art. 13, pp. 125-138.  Also St. Louis Acad. Sci.
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\Mine I Depth T.F. Date Remarks
— | -
¢ & H Hole 4 10 80 43.3° | Aug. 23, 1008 Elevation 436 feet above
I Lake. Strong flow, al-
; kaline. flowed when 80
‘ feet deep. The hole is
| deeper. (See  section,
i Fig. 36).
| .
Lake Copper Hole d 5 110 to 18677 45° Perhaps from first amyg-
! daloid at 207 feet; cased
to bed rock at 123 feet,
408 feet above lake Su-
perior.  (See TFig. 51).
PT'eda well drilted by 100 45.5° | during drilling Sheldon.  The drill house
churn drill 480 51.7° was warm and it was
550 51.5° hard to set the thermo-
636 51.5° meter and get it into
770 50.° the bailer without dang-
730 49.° er of its making obser-
700 to 155° to vations uncertain.
950 155°.6
Porcupine Mts., Union
Spring 0 43°
Old launder near Boston 48¢° Aug. 1908
Spring 47 Aug. and Oct. Half way from Ontonagon
1908 to Porcupine Mts.
Champion Copper (130) 44.5 Juiy 24 1st level
(250) 45. 1901 ond level
46. 1901 Damp rubbish
(378) 47. 1601 Air in 3rd level
52.1 1909 Aug. 4 13th level (water?)
Trimountain 46. 1906 3rd level
Victoria mine 1350 57. 1908 18th Jevel
Nonesuch mine 42. Sept. 1908 Near surface
Isle Royale (270) 53. Section 12 shaft
(620) 57.
Champion Iron (463) 45.8 1902 9 Iﬁ %50 feet west of 7
sha
(1335) 52. 24 1, 140 feet west
(1500) 55. jEIl“jddOf f‘zgSLI
~ - tnd of 28 L.
(1650) 56.5 1750 feet from 5 Shaft
Aragon 80-90 44. Water
Vulcan Iron (1090) 56 . Water
Republic Iron 1153 55. Water
1435 59.
Central Copper (2400) 61 Dec. 6, I\ 8, J. . Roberts foot of No.
1894 2 shaft, 30th level
Centennial 3100 69. Osceola lode on slope
(1850) 62. Level at foot of shaft
Calumet conglomerate
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Depth T. F. Date ! Remarks

i
Mine i
. f —
Ojibway 33 °dip 1 (680) 30.
. . 1225 ;
Wolverine \ ?;gg; ;l? . ’ 8th level cross-cut
I : 13th level cross-c
Franklin Jr. : ?())O le,x"el +5-46 | Oet. 13, 1906 i ’1~(amper;turr(?s of(‘l\]\-tat(‘rs
(128()))1 5 i (See Fig. 40)
31. 21st level cross-cut from

conglomerate to the Pe-
wabic lode newly open-

( . ) i €

ld Franklin ] 3200 62-6 f On 32nd level, according
‘v . to (. Pope i

Tamarack N 4400) 3 ;1 ‘ )

Tamarack f gslgg)) §§ July 13, 1909 ‘ R. M. Iidwards

bottom ‘ (5367) (8)% t4? ()b%or\]'ations in ‘ damp mud

N o1. A. C. Lane :

}gg}xg;ac{: 5 | (4662) 82. ane i W. E. Parnall

ack 5 | (4900) 87. ! J. Hall, mine inspector

. We have also an interesting set of observations of temperature
in the Quincy mine from 8. Smillie, Engineer.

Elev. above Remarks

Temp. Fahr. Lake Superior Surface runs from 480 ft. to 550 ft. A. L. §. at
mine, but drops rapidly to south

445 + 332 Breast of drift

5(3 -390 Breast, of long cross-cut

E) -580 In diamond drill hole after 5 min,
57 -580 In diamond drill hole after 8 days
525 -580 Near top of cross-cut

52 -580 Near bottom of cross-cut

67.5 -2441 Breast of drift

64.5 -2441 In diamond drill hole 5 days

68.5 -2590 In breast of drift

74 -3120 Shaft in good circulation

75 -3120 In airway between 2 shafts

69 -2696 In breast of drift

71 -2403 In breast of drift

74 -3316 In cross-cut

79 -3316 In breast of drift

80 -3316 In another drift

76 -3375 In diamond drill hole cross-cut after 40 hours,

The observations in italies should be extra reliable.

The rate of increase of temperature accor ding to T. C. Cham-
berlin, who has had the Calumet and Hecla obser vations from A.
Agassiz to write up, is 1° in 103 feet for 4939 feet. assuming that
at 50 feet the invariable temperature is 40°, or 1° T in 9:;).4 be-
.1'\\'0(%11 3324 feet and 4837 feet.! But as we have seen, the surface
invariable temperature should be taken some 3° hiigher which
would lower the rate of increase to 1° in 105 feet. Snii]lie’s high-

YGeology, Vol 1, D. 569,
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est (807) and lowest (44.5%) results at breast of drift give the
same gradient (33.5°/3650) as Chamberlin’s uncorrected figure;
his drill hole observations (29°/2795) 17 in 104. There is, how-
ever, an uncertainty amounting to several hundred feet as to what
should be taken as the mean depth of the lower xtations, for not
only the elevation of the surface directly above but also that of the
surface all around for two or three miles should be considered and
the Quincy mine stands at the brink of the Portage lake trough.

Obviously, too. if any part of the surface is a relatively recent
thing like a mine dump, it will have no effect on the temperature
thousands of feet below. Indeed we may well ask (as we do De-
low) if all the superficial and glacial deposits have not been de-
posited since the bottom of the mines acquired their temperature.
While the general level of the country, from which the depth
should be measured to warnier parts of the mine, is the same for
the Calumet and Tamarack mines, vet the Tamarack shafts are 40
feet or so above the Calumet shafts so that really equivalent depths
will appear that much deeper in the Tamarack. On the whole,
plotting ail the tests and weighing themn, 1° in 105 feet seems to
me the most probable average rate of increase but it might possi-
bly be as low as 45° in 5000 feet, 1° F in 111 feef. This in any
case is lower than in many places in Michigan. In the Lower
Peninsula, rates of increase of heat mearly twice as great are
known (at Grayling and Alma) and rates of increase four times
as great and more are found in other regions.

§5. EXPLANATION.

For explanation of this relatively low rate of increase at pres-
ent we can not (as did Wheeler) appeal to the cooling effect of
Lake Superior. The plenomenon is too wide spread. Moreover.
the difference of elevation between the height of the range and
the depth of Lake Superior (11054-834) is only 2000 feet and less,
wlich in a distance of 20 or 30 miles (See Fig. 3) could make but
trifling ditferences in the flow of heat,” for we must remember the
difference of mean temperature is certainly less than 5°F. The
femperature at the bottom of Lake Superior is that of the maxi-
mum density of water 39°F. A depth beneath Lake ‘wupelmr as
hot or hotter than the surface of Calumet would be only 2500 feet
lower at a distance of many miles. The Freda well, near Lake

1But not so Iow as that given in a “preliminary’’ note by A. Agassiz, which unfortunately.
ovvmg 10 its extreme character, has been widely cited and copied. Am. Jour. Sci. (1895) p.

5

ZSee B. O. Peirce on the trifling effect the temperature of the sides of a cylinder whose radius
ig five times its height has on the temperatures along its axis. Proc. Am. Ac. Arts and Sciences,
Vol. XXXVIU, Ne. 23, May, 1903, pp. 651-660.
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Superior. shows no extra chill, and the Champion Iron mine far
from Lake Superior shows an extra low gradient. Liven if we sup-
pose that the chilling effect of Lake Superior were so great as to
make the temperature at the bottom of the mines the same as if
the temperature at Calumet were that of Lake Superior, which of
course is extreme, it would change the gradient only 109/. Thus
Wheeler’s, and more recently. Konigsherger's suggestions® as to a
topographic effect of Lake Superior upon the gradient appear to
be wide of the mark. I doubt if the Lake Superior effect is ap-
preciable,

More important in reducing the temperature mayv be some of
the following causes.

(1) IEndothermal reactions. that is reactions that (like the

solution of salt in ice) lower the temperature.

High diffusivity of the strata, permitting the early and
free escape of leat.

{3) Downward absorption of waters, carrving with them

cooler temperatures of the surface.

{4) Recent change of surface climate which presumably has

grown milder since the ice age.

(6) The recent deposition of surface drift.

{(6) Relative exhaustion of the internal supply of heat by the

Keweenawan and earlier eruptions.

Let us briefly consider these in their order. (1) In the experi-
ment by Fernekes in which copper was formed in an unequally
heated tube, it was found at the heated end. Then according to
the principles of enfropy and the second thermodynamic iaw,
formation of copper must have been a chemical reaction that
tended to absorb and use up heat and bring the temperature of
the solution into equilibrium rather than accentuate the differ-
ences. It is a reducing action and tends to absorb heat just as
oxidation gives out heat. This reason for low gradient is especi-
ally worth emphasizing if one is contrasting the gradients in west-
ern sulphide deposits that are partially leached, where oxidation
and consequent rise in temperature may have taken place. I do
not mean to say that the reduction of the copper in itself used up
enough heat to produce the low gradient, but that it tends that
way. Other reactions were of the same character. Brun has
found silico-chlorides in voleanic glass. Reactions which start
with calcium and chlorine in solid condition and wind up with it
dissolved are strongly endothermic and changes which resulted in

e

18ee Report of International Geological Congress at Mexico, 19 -
Blatt f. Mineralogie Geol u. Palacontologie, 1907, pp. 200-263. 06, pp- 1127-1187, also Central
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caleinm chloride in solution instead of ferrous or cuprous chloride
would be in so far forth endothermic. and so would change from
caleium chloride to sodium ¢hloride which. in discussing the altera-
tion of boulders in the (alumet and Hecla conglomerate', I have
shown probably takes place.

Two of the commonest minerals associated with the copper in
the Keweenawan rocks are epidote (Sp. Gr. 3.3 to 3.5) and preh-
nite (8p. Gr. 2.8 10 2.95). They are denser and oceupy less volume
than average trap. The chlorite into which the Calumet and
Heela boulder® changes is probably denser than it. The decompo-
sition of Dbasaltic glass to epidote or epidote, ealcite and chlorite
would pretty surely not be an expansion.” According to the prin-
ciples emphasized by Van Hise* then, these changes implying con-
densation of volume also imply absorption of heat.

Tt is true that light zeolites like analcite, natrolite, laumontite
and others of that family are also produced. But they ave very
largely in the upper levels, and in the open cavities and veins., If
we imagine relatively cool, though actually hot, waters working
into a series of hot lavas and reacting upon them, the reactions
forming these secondary minerals are such as would be thermally
patural, being such as would tend to reduce the thermal differ-
ences.

(2) The conductivity of samples of trap, amygdaloid and con-
glomerate have been determined by B. O. Peirce® as follows:

Conduetivity k Est. diffusivity a’==k/c.

Trap 11 0.0031 0056 to
“Hanging?”’ 22 0.0036 .0045
Amygdaloid 1 0.0035 0065 to
‘“Foot?” 0.0034 0044
Calumet conglomerate 111 0.0047 .0061

2 0.0052 0066

The diffusivity must be obtained from the conductivity by di-
viding it by the specific heat capacity for unit volumes a*=k/c.
Unfortunately ¢ was not determined, but the specific heat capacity
for a number of minerals is as follows: (1) according to Chemi-
sches Taschenbuch (2) according to White.®

1Economic Geology, 1909, p. 158, (IV, No. 2, March).

»Fhe decomposition which I described in Economic Geology, 1909.

3This decomposition is discussed in Chapter II,.p. 87.

“Monograph XLVII, U. 8. G. 8., p. 185.

sProc. Am. Soc. Arts and Sci., XXXVII, No. 23, May, 1903, pp. 6531—6{)‘ .

68ee figures by W. P. White, of the Geophysical laboratory at Washington, Am. Jour. Sci.
Vol. 28, (Oct. 1909) p. 342.
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Olivine l(iz) ©
Orthoclase .191 257 to 279
Wollastonite l —)')] to ;él
Albite 196 T
Diopside ' 262 to 278
Corundum 197 cT
Hematite 167

(?ua{‘tz 191 184 to 264
Calcite 205

Copper :093

It we mmltiply the specific heat capacity for unit weight by the
specific gravity we shall get the specific heat capaeity fo‘r uni't vol-
mme.  The specific weight of these rocks must be‘ between 2.65
and 3, according to McNair's tests,—the conglomerate probably
about 2.76, the others about 2.84 to 2.8%. The resultine ¢ will ﬁe
about .51 to .77 for the conglomerate, and up to .8 for i;he amyda-
loid and melaphyre. Peirce found for various marbles Spe(('iﬁc
heats per unit volume from 0.567 to 0.586 and diffusivities from
0.009 to 0.013, the conduetivities 0.005 to 0.0076. The conductivi-
ties are much like those observed on the Cariton Hill trap of Edin-
burgh, and-they are more than those of some slates; less than those
of many rocks and marbles, and can not be far from characteristic
for the f()‘rmation. They should imply a low, but not remarkably
i\(»)]‘l‘(;“f(irz(iﬁ;lfn ;;I(lldfi]a‘do not think that the gradient can thus be

(3)  We have elsewhere discussed the indications that the
copper was deposited by downward working waters.  Such a
method of deposition is consistent with the chemical arrangement
of the waters and with the absorption of the waters ei’rTler by
hydration or as a resnlt of the cooling off of the formation. Su«*ii
a cireulation of water would also help to cool it off.

One. point may be noted, however, for future research. If the
cooling is produced by downward circulating waters, then the
more ]}(:1“\'1'()11S beds should be a little the cooler and the less pervi-
0us massive traps relatively warmer, so that the copper might tend
to form Dbetween them, working toward the warmer p:n-i‘ of the
solution and the walls of the lode. This, indeed. .it seems to do.
The temperature difference would hardly be measurable with a
thermometer now, bhut may have been marked when the copper
formed.

We see, then, that we may have had thermometric mndiﬁons
not mnlike those of Fernekes' and Stokes’ sealed glass tubes. Ro
that it is perfectly possible to conceive copper deposition going on

=~
<
-1
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without any other circulation than convection currents and ionic
migration similar to that in those tubes. Of course, such reaction
would be very slow, but its relatively coarse crystallization is
exactly what gives Lake Copper its peculiar toughness as com-
pared. for instance, with electrolyvtic copper. According to J. B.
Cooper copper deposited in a week electrolytically is fine and short
and can not be rolled. TIf four weeks are taken it is fougher and
rollable, and a year might give a quality like that of Lake. Dr.
L. L. Hubbard has a single crystal of copper 2% inches across and
branching forms sbowing equally coarsely crystallized copper are
not uncommon. The calcite crystals which are so closely asso-
¢iated with the copper are often many inches through and indi-
cate very slow formation.

‘Lincio has deseribed some quartz from Hancock® presumably
from tlie Quincy mine, with caleite and native copper which showed
new quartz faces.

Now it will be noticed that these quartz crystals showed trape-
zohedral taces, and Miigge has shown® (and the matter has been
tarther investigated by Wright and Larsen®) that while quartz in
general only forms below 800°, such quartz only crystallizes below
570° (. Hence the copper which replaces quartz and comes later
must also have formed at temperatures as low, and as its coarse-
ness shows, in a fluid in which there were but slight differences of
condition.

(4) Another possible cause of low gradient would be a colder
climate in the past. In the not very vemote past (perhaps less
than 10,000 years ago) the Great Lakes covered practically all of
Keweenaw Point. At a somewhat earlier date it was covered by
melting ice. These two events might imply a surface soil tempera-
ture of 39° vespectively 32°. A gradually increasing mean soil
temperature amounting to 11° and beginning 14,500 vears ago
could cause a variation of less than half a degree (0.44°F) at a
depth of 5000 feet. A gradient of 1° in 111 feet would be pro-
duced from one of 1° in 89 feet in 5000 feet. A change of 11° in
surface temperature would change the gradient at the Champion
Tron mine from 1° in 111 feet to the normal gradient of 17 in 67
feet. Tf the effect of the increase of annual temperature and
milder climate had not penetrated the full depth the lower parts
of the mine would tend to have the original gradient and that may
account for the more rapid gradient (1° F in 93.4 feet) which

INeues Jahrbuch fur .\Iin.,*B’: i% XVIH, p. 145, )
24 Jeber die Zustandsanderung des Quarzes bei 370°,” by O. Mugge.

Min., Geol. and Pal., 1907, pp. 181-96. .
aQuartz as a Geological Thermometer, Am. Jour. Sei., Vol. 27, (1809), p. 421.

Neues Jahrbuch fur
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according to Chamberlin is found in the Calumet mine hetween
3324 and 4837 feet. If may even be possible to work backward,
and from the gradient at different depths estimate the date since
the surface temperature ceased to be 327 F. But before doing this
we should need fo take into account also the next factor to be
considered. ‘

{(3)  There is a sheet of deposit of glacial or later origin. TIf
the bottom of the mines are too deep to be affected by the post-
¢lacial rise in annual femperature. they are also too deep to have
been affected by any blanketing effect of this addition. Thus their
temperature assumed to have been fixed by a gradient adjusted to
a 32° I" surface temperature, was also adjusted not to the present
surface but the base of the glacial deposits. Not only this. but
there are indications in kettle holes, etc., that considerable masses
of ice were buried in these deposits, which slowly melting may
have kept them at 32° F for some time after the departure of the
ice sheet proper. Subtraction of the glacial deposits would, how-
ever, make less than a foot per degree difference in the Calumet
district in the rate of increase. It might make more difference
in the interval to be assumed between glacial time and the present
milder surface temperature.* .

But if any effect of the ice age is in turn cause of the low gra-
dient in the copper mines we ought also to find low gradients in
the Lower Peninsula of Michigan, which was also at a geologically
recent date covered with ice. In the Lower I’eninsula the in-
crease of temperature through the drift is very rapid and the gra-
dient thence down is not unusually low.? This renders it very
doubtful if any part of the low gradient of Keweenaw Point should
be attributed to a climate that has recently grown warmer.

(6) It must also be true that in the immense outbursts of lava
that accompanied the Keweenawan, and also oceurred in earlier
formations, there was a considerable exhaustion of the sources of
beat from beneath and a lowering of a relatively cool basement,
upon which this series of lavas was piled, down deeper into the
earth’s crust than it would otherwise have been. If, for instance,
we consider (Fig. 57) a section of crust of three layers, (a), (b) and
(¢), and we consider the effect of the eruption as a geologically in-

11f the milder surface temperature is supposed at once to have had its full effect and amount
at the end of melting of the last enclose({ ice block, then the increase of temperature at a depth
X at a time t thereafter will be roughly C(1-r x/2a1/t ).
C is the increase of temperature say 11° and P is the probability integral, the values of which
for different values of the subscript argument are given in the report for 1903, page 222. And
if, when t==0 u==a+Cx, and thereafter u==C if x==0, then u=a+cex+C(1—P xy) where
y=1/2aV t A A '

See Byerlv on Fourier’s Series. .

2Report for 1901, p. 244 et seq. The Bay City and Grayling observations are most reliable
except for water circulation.

{
i
!
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stantaneous transfer of (b) to be piled up on (a)'. the increase of
heat from the surface to A will for a long time be much Jess than

bhefore.?

(
(e
[fed]
(b )
(© J

Fig. 57. Diagram to illustrate distribution of temperature in the earth’s crust after the out-
’ flow of Keweenawan lavas.

The section (a) ean be given some initial temperature between
1800° F and 200° to 400° F which lower temperatures the zeolites
indicate were widely prevalent. Of course, there is little or no
likelihood that it was anything like 1800° for 40,000 feet, but it is
worth noting that since after a million years there would be nearly
half the original temperature left in the middfe of the formation,
but after 25,000,000 years the temperature in the middle dependent
on the initial temperature would be but .0116 of the original tem-
perature (supposing always that the formation is 40,000 feet
thick), after 25,000,000 years there would even of this maximum
temperature only be 4.5° left. The middle section (a) would have
initially a gradient beginning with the surface temperature or
zero at the bottom of the lava formation. At the point from
which the lava was drawn between B and C there would have been
a sudden jump up to a gradient as high as ever, reckoning from the
top of the eruption rather thau the bottom. (Fig. 57.) Such dis-
tribution is, of course, not exactly one that ever was really in ex-
istence but is sufficiently of the type to show the kind of effect that
might be expected. Pages might be filled with computations of the
various temperatures that might be obtained at ‘different depths
after different times and under different conditions. Suffice it to
say, that if we assume a diffusivity of 203 in feet and years instead
of 400 as used by Kelvin (since the former agrees better with the
conductivity found by B. O. Pierce) we shall obtain the following
results. ' _

If we consider that the depth of the Keweenaw formation was
40,000 feet and the next layer 140,000, so that the third layer began
at 180,000 feet and that the rate of increase of temperature was

Which it was not. No doubt a lot of heat escaped in the process.
25ee Byerly  Fourier’s Series” pp. 83-84.
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one degree in 70 feet. then after the 23.000.000 vears aforesaid the
temperature at a depth of 5000 feet wounld be 53.8° F above that at
the surface. plus a certain amount dependent upon the initial temn-
perature of the Keweenaw formation which conld not exceed 5.2° F.
Thus instead of a gradient of one degree in 70 feet we should have
a gradient of one degree in 83 to 93 feet. and if this were compared
with a surface temperature which had recently been raised 11°
above 327 it would give gradients as low as those we have,  After
9.000.000 vears an original gradient of 15 in 70 feet would still
be 17 in 96 feet possibly increased by initial femperature to K27,
An original gradient of 1° in 60 feet would become 17 in 83 or 79
feet. It thus appears that while a recent change to a milder
climate may have had something to do with the low eradient,
which is promoted, too, by a rather high diffusivity of the rocks,
this would also be promoted by something which had an equivalent
effect, to wit, the tremendous loss of heat along with the outhursts
of lava that took place at an early date and that these various fac-
tors are sufficient, if we make no unreasonable suppositions (in
fact the most natural suppositions we can from independent data
in regard to the thickness of the formation and the lapse of time
since) to account entirely for the low gradient. And yet it seems
to me that a downward migration of waters that incidentally pro-
duced cooling reactions, such as the solution of caleium chloride
in water or ice, may also have been of importance.

Thus while I am not inclined to agree with the reasons for low
gradient given by previous authors, we are not devoid of other
explanations,—in fact we have an embarrassment of riches—and
while as regards the effect of endothermic reactions we can not
claim for them the importance which T frankly confess I had hoped
(in beginning this research) I might have found, we can still say
that the low gradient is not inconsistent with endothermic re-
actions and with downward working waters. It will probably be
a long time before we have such an accurate idea of geologic time,

of the thickness of the formation, and of other factors involved

that we shall be able to say at all definitely which part of the low
gradient must have been due to each factor.

§6. MATHEMATICAL SOLUTION.

For solution of the problem we can consider an infinite solid
cooling through one plane to the surface of the earth which is kept
at zero, the mean annual temperature of the earth at the time being
taken as zero. And taking the time when the lava was poured out
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as o beginning of time at that time (t=10) the temperature was a
fanction of the distance from the margin. Suppose. for instance,
that it were 18007 down to a depth of x==b (xay 40.000 feet) for the
Keweenaw formation. This is a much higher temperature than is
probable but we will keep the term separate in our solution so that
we can readily see by &imple replacement what the effect of any
other initial temperature would be. From the point x=b on.
suppose the temperature rises at a certain rate—say 1° in 70 feet.
This ratio, ton. we will keep by itself and treat as an algebraic
expression so that any other ratio may easily replace it. Suppose
thix ratio to continue .down to a 180,000 foot depth ==c. From
this the lava came with an initial temperature (assnmed 1800° F*).
Then the solution of the temperature after a given time is given by
Byerly (Fouriers Neries, page &4, equation 7, ete.), and may be
written in the following form. It will be convenient to write.

L 2 *mn N > e .
v=1/2ay/ v and ‘/':f e TME .]:m the probability integral
“ly dm

Then the temperature u is
u=31800° 2 Pxy + P (h-x)v—P (htx)y)

. b P _ b P +h-x) P —(b+x) P
"‘1-77) Sty e+ )y 9 (e-x)y 5 (b-x)y 5T (+x) y)
1—(b—x)%2 e (h4x)2y?
+7*0A N _
2 1~
<y 1w

Tables of values of I are found in Johnson’s Theory of Krrors, the
the report for 1903, ete., and of powers of e in Byerly and the Smith-
sonian mathematical tables just issued (Hyperbolic functions, 1909).

§7. PROPAGATION OF HOT AND COLD WAVES INTO SNOW.2 BY H. L. CURTIS
AND 4. D. PETERS.
A solution of the partial differential equation

(;li\;, = g :'for the propagation of heat waves shows that k =vz T/4 =
where k is the diffusity, v the velocity of propagation and = the
period; provided the heat wave is simple harmonic.

In the following we have in all cases assumed that the wave is
simple harmonic. We have determined in two cases the Fourier
Neries representing the curves, but find in all eases that our data
are too incomplete to make this desirable.

Two sets of data were taken, one from 9 p. m. January 27, 1905
1o 9 p. m. January 29, the readings being taken every three hours.
To secure satisfactory results we found that the readings shiould
be taken oftener. The snow which was on the ground thawed,

IThis may not be the temperature which the rate of increase assumed would give for the depth
C, for probably much of the heat would be dissipated in the eruption.

2] have to thank the Michigan Agricultural College for these data showing the low diffusivity
and blanketing effect of snow. Letters, Aug. 4 and Oct. 21, 1905. L.
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and a new fall of snow permitted us to get a second set of readings
on February 14, 1903 from 7 a. m. to 6 p. m. In the first set of
data the time temperature curves show well defined maxima and
minima though the curves arve far from simple harmoniec. The
velocity of propagation of two waves could be easily determined,
one being a warm wave and the other a cold. In the case of the
warm wave the period was taken as the time between the maximum
temperature on either side of it, and the period of the cold wave
was similarly determined. The velocity was determined from the
time temperature curves.

In the second set of data the readings did not extend over suffi-
cient time to obtain more than one maximum. The period could
not be determined, so was taken arbitrarily as 24 hours. Other
wise the computation is as above. The following table will be self-
explanatory:

o : ; . G, of
rrlrllgiiOf Kind Velocity| Diffu- Diffu- (gndup- volume | Depth
N of Period. in cm sivity sivity tivity in of snow | of snow.
num at wave per hour.| B ¢ 1D €. C. 8.5 C. | thatis |inc m
surface. - I ‘I 2/hr. 2/sec. units. 120, C
12 M. warm 15 hr. 3.3 13.3 0.0037 .00041 221 29
Jan. 29.
6 P. M. cold 23 hr. 1.9 6.6 0.0018 0.00020 22.1 29
Jan. 28.
2 P. M. warm 24 hr? 3.83 28.6 0.0078? 0.00055 14.2 17
Feb. 14
Smithsonian 00051

The conductivity was determined as follows. The specific heat
of the air contained in the snow is neglected. The specific heat
of ice is given in the Smithsonian Physical Tables as 0.5. The
specific heat per unit volume is therefore 0.5 times the per cent
of water in the snow.

As per your suggestion I have computed from our data the
values of the diffusivity from the decrease in amplitude of the tem-
perature wave, From the curves a table of the depths and ampli-
tudes of each wave was made. The amplitudes were taken as the
distance from a cold maximum to a warm maximum and the period
as twice the time intervenming. A curve was then platted for each
wave, of the depths as ordinates and logarithms of the amplitudes
as abscissas. The points of this curve should then lie on a straight
line and a line can be drawn giving a mean value. Then the dif-
ference between the logarithms of the amplitudes at any two
depths can be determined from the curve and a value of the dif-
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fusivity computed from this will be a mean value for the warve.
The diffusivity was computed from the formula log a—log a,—
X' =

" Jog e where a and a, are the amplitudes, x the difference in depth,

"//:lT . . . “
T the period and k the diffusivity. The following table gives the re-
sult:

DIFFUSIVITY FROM DIMINUTION IN AMPLITUDEL.

Cold max. Warm max. Mean Diffusivity | Ditfusivity (_7011.(111013\'123'
at at ,~ 0 em 2/h i em 2/h inc.g.s C
surface. surface. perjod. in e #/br. * in em #/hr. units.
AL M. i )
gaan 28, '05 12 M. Jan. 28 12 hr. 11.1 ‘] 0.0031 0.00034
6 P. M. | ;
J)an. 28. 12 M. Jan. 28 16 hr. 20.0 | 0.0056 0.00062
\

.M. | i .
?aﬁ. 28, 12 M. Jan. 29 35 hr. 17.8 | 0.0050 0.00055
Mean values of above 16.3 0.0048 0.00050?
Mean former values 16.0 (.0044 0.00039
Final mean 16.2 0.0046 0.00044

35
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CHAPTER VII.

MINE WATERS,
§1. HISTORICAL INTRODUCTION,
In our study of the chemical alteration and of specific gravity
we have mentioned incidentally the fact that the mine waters had

a peculiar character. While the fact that the deeper waters around
> 3 Y 2 r e, -
Lake Superior were peculiarly salty has been known for over

twenty years it was not known at-the time of Pumpelly’s study be--

cause the mines had not reached the depth where this feature be-
came characteristic. The first published analysis of Lake Superior
T‘nine waters, showing their salty character at depth, that T know
is that of the Silver Islet mine, within sight of Isle Royale
but on the Canadian side of the boundary. This analysis Sho"uld.
perhaps, be included geologically with the iron (30111;t1"' wateré
(since the mine is in Huronian rocks) but the salt conter;t is very
heavy and the water may derive its salt content from Keweenawail
intrusives.

I'am told by W. W. Stockly who at one time worked with Mr. ..
QG. .Emerson, one of the most prominent early engineers and an
gx§s1stant of R. Pumpelly during the time Pumpelly was preparing
Volume I of the Geological Survey, that Mr. Emerson took sampleé
of some salt water which was struck at about sea level at the Cliff
mine. Johnson Vivian says that this water was 1800 feet down.
The plan of the mine in the Mineral Statistics report (for 1880()
shows the bottom of the mine at the 220— fathom level, 1680 feet
below the top of the Greenstone. It was probably struck there-
fore, about 1879, but I have found no printed referéﬁces to i,t. The
Nilver Islet water, analyzed by W. M. Courtis, is described in the
Canadian reports.! The analysis is also given in my papers before
the Lake Superior Mining Institute.? The next analvsis published
and the first which called my attention to the matferu was made by
Prof. R. L. Packard when T was at the Michigan College of Mineé.

It was not, however, until many years later that I fully realized
the wide_spread characters and the geological importancé of these
waters. It is obvious that if we find included in the copper coun-
try rocks three different kinds of water distributed in fairly hori-

!Canadian Geological Reports, H. 1 28 5
Vol XTI, port ports, H. 1887, pp. 28, 58,

~1
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zontal layers we can Dbe reasonably sure that there has been no
round and round circulation since these waters have been thus
arranged. The question as to lhow thorough the circulation of
water in the upper levels of the earth’s crust has been is one which
has been much discussed of late years., particularly by Van Hise
and Kemp. and papers on this subject are listed and reviewed in
Kemp’s annual review of the literature of ore deposits in the an-
nual volumes of Mineral Industry. T have given some preliminary
results of my own work in a series of papers.! It was natural for
me to do this because I had in mind the continuation of my study
of the water resources of Lower Michigan by a study of the waters
of the Upper Peninsula which naturally led me to take up the
study of mine waters. I shall not repeat in full the data which 1
have heretofore given except where necessary to aid in the solution
of the problem, but I shall summarize them, give new data which
1 have accumulated having a bearing on the problem and correct
misprints. The more T looked into the matter the more I found it
of geological and practical importance.

§2. SUMMARY OF RESULTS.

The study of these waters is of practical interest, in the first
place, because the admixture with the upper waters of the lower,
strongly saline waters affects the use of the mine waters in boilers.
The study may lead to a different plan of pumping and other
handling of the mine water. In the second place it seems fairly
clear that the character of the waters has had a good deal to do
with the deposition of the copper. It is a curious and significant
thing that we seem to find traces of similar waters high in chlo-
rides in other districts in which native copper occurs and it is in-
teresting to notice that leretofore? in the discussion of ore de-
posits the importance of chlorides seems to lave been little re-
garded compared with sulphates, in general.

Finally, the chemical character of these waters seems to also
bring up very interesting questions as to possible changes in the
chemical character of the ocean throughout geologic time and
also the question whether the Keweenawan rocks were laid down in

1Annual report to the Board of Geological Survey for 1903, see p. 141. Report of the State
Geologist: ‘‘Salt Water in the Lake Mines,” Portage Lake Mining Gazette, Mar. 8, 1906;
Take Superior Mining Institute, Vol. XII, p. 154-163; “‘Chemical Lvolution of the Ocean,”
Journal of Geology, XX VI, April-May, 1906, p. 221; brief description of the Geology of Kewee-
naw Point, Lake Superior Mining Institute, Vol. XII, pp. 81-104; Mines and Minerals, Dec.
1906; “‘Salt Water in the Lake Mines,” Lake Superior Mining Institute, March 18, 1907; “The
Early Surroundings of Life,” Science, August 2, 1907, p.129; “‘Chemical Evolutionof the Ocean,”
Bull, Geol. Soc. Am., Vol. 17; letter on Mine waters, Calumet News, Apr. 10, 1908; Native
Copper Times, Apr. 21, 1908; Portage Lake Mining Gazette, Apr. 19, 1908; Mine Waters; Ab-
stract for Proc. Lake Superior Mining Institute, June 1908; Michigan Miner, July, 1908, p. 13;
Mine Waters, Lake Superior Mining Institute, Vol. XIII, pp. 63-152; Mine waters and their
field assay, Bull. Geol. Soc. Amer. Vol. 19, pp. 501-512.

2A paper has recently been published by C. R. Keyes, Economic Geology 11, p. 774.
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the ocean or whether these waters may not have been derived from
saline pools in the deserts. 1t mayv also be said that the study of
these waters has its bearing upon all the theories of chemical alter-
ation and change of these rocks and also upon the question of the
temperature and the rate of increase of temperature which will be
found going down. The facts and conclusions summarized below
are those which are particularly important if true. I begin with
those most firmly established and pass to others of which T am not
S0 sure.

~(1) In the copper country as in the iron country the surface
waters are soft as compared with those of the Mississippi Valley
and generally are more like those of New England. This is true
also of the actively circulating waters.

(2) In the copper country, in the iron country and in the sand-
stone country of the eastern part of the Upper Peninsula, below
the layer of soft waters, in which there is relatively active circula-
tion, there is a layer of water in which there is a marked amount
of sodium chloride. The chlorine rises steadily, the sodium rises
and the calcium rises too, so that we may say that caleium chloride
is present. Moreover, as we get to deeper waters calecium chloride
predominates. This second or middle layer of water, however,
contains sodium in greater quantity than we can imagine to have
been produced by simple mixture of the surface waters in which
there is a small amount of sodium carbonate and silicate with the
deeper waters in which the calcium chloride dominates very largely
over the sodium chloride. In other words there is a distinct belt of
sodium chloride waters.

(3) Beneath the second belt will be found water extremely
strong and practically saturated in many'cases with calcium chlo-
ride. The ratio of calcium to chlorine becomes nearly 1 to 2. Such
waters are extremely corrosive in boilers and pumps and, of course,
hard.

{4) In this presence of calcium chloride they resemble waters
which are found in connection with similar associations of copper,
trap and red sandstone in Chili, in New Jersey and in the Sahe-
Nabe region on the west bank of the Rhine. We also find similar
waters in the older rocks all over the Mississippi Valley and in fact
more or less all over the world, Such waters seem at least in part
to have been buried with the strata now containing them and
may be called connate waters.

(5) Flows of these deeper or connate waters when struck in
mining decrease and soon drain off showing that there is no open

connection with the surface.
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(6] The exact level at which a given strength of water is found
\'aﬁeé greatly, but below 1300 feet it is common to find them
stronger than the present sea water (Sp. Gr. 1.028).

(7) The proportions of the different salts are very different
from those in present sea water so that we must suppose that they
are not derived from ocean water or that the ocean itself has
changed in composition (which there is good reason to believe) or
that these waters have also changed in composition since they were
enclosed.

(8) T can explain the strength of the strongest of these waters
only as that of the residue left after most of the water had been
absorbed in hydration of the rock.

(9) The third or lowest kind of water not infrequently con-
tains a measurable amount of copper chlorides.

(10) Similar chloride solutions may be made artificially to
precipitate copper very much as it occurs in the mines upon
prehnite and other minerals which tend to keep a solution alkaline,
if such a solution containing copper is kept unequally heated.

(11) The mode of occurrence of the copper, the chemical char-
acter of the alterations of the rock, the character of the copper
shoots, and the low temperature gradient are all consistent with
the theory that the migration or circulation of water in the Ke-
weenaw rocks is not mainly a mere up and down or a round and
round circulation but an absorption or imbibition of water by the
strata acting like a sponge in which process of absorption of the
water the copper is formed and accumulated in a zone of relatively
low oxidation in which as it replaces chlorite and prehnite and
other minerals which tend to keep the solution alkaline or at least
not acid, it tends also to accumulate with other positive ions at
the alkaline or negative (cathode) or warmer end of the solution.

(12) This production of native copper may be associated with
the production of ferric iron built into epidote from ferrous iron.

(13) The accumulation of copper is also associated with re-
actions by which the calcium of the calcium chloride is replaced by
sodium derived from the rocks, sodium silicate being very largely
removed in the process of decomposition, which accounts for the
sodium of the middle zone of water.

(14) When the accumulation of alkalis becomes sufficiently
high, alkaline zeolites, etc., may be formed, but this is toward the
end of the deposition of copper and. in the upper levels, where it
may be redissolved and migrate downward.

(15) The ultimate source of the copper would seem to be the
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formation itself. effusive as well as intrusive beds in the same, to-
gether with copper possibly originally dissolved in the water. But
there is some indication that the sulphur came from intrusives or
fissures.

(16)  The general average of copper from extensive sludge an-
alyses would seem to indicate that the whole rock formation ran
something like 029 of copper and analyses of the stronger mine
waters would indicate that copper in the strong chloride waters
may run as high as eight to sixteen milligrams per liter.

In accord with the idea above developed that the copper forms
where a chloride solution of the same is kept alkaline by sodium
silicate in other alkali dissolved from the rock, we are not sur-
prised to find the copper running into the hanging and foot wall
of the porous bed proper, and so (if we may use the data of experi-
ment and physical chemistry as a guide) we may expect to find the
copper near pervious streaks, but in the part that was hotter,® that
which was more alkaline and reducing,® that which was electri-
cally positive® (cathode).

§3. METHODS AND PRECAUTIONS.

Since in testing mine waters contamination by wurine, ete.,.and
nitroglycerine fumes might be expected, an analysis of urine was
included in the Lake Superior Mining Institute paper. Both urine
and nitroglycerine fumes contain other substances by which they
may be easily identified, such as phosphates and nitrates.

While larger samples were taken where possible and convenient,
a great many tests of the stronger waters like a series from the
Calumet and Hecla and Challenge properties were taken in quanti-
ties from 30 cc¢. down, which proved ample, if the sample was acecu-
rately measured, when there were many parts per thousand of
solids.

There were also made a great many preliminary tests of concen-
tration with urinometer and refractometer. The latter enables one
to get an idea of the concentration even to a drop.

DR. G. FERNEKES' ANALYSES.

In talking over the matter with Dr. G. Fernekes, of the chemical
department of the College of Mines, he expressed a very keen inter-
est and willingness to take the matter up more systematically. His
experiments in reproducing copper were his own free contribution

!Near the less porous rock at bottom and sides in case of down circulation, at the center of
the lode in case of up circulation.

2Associated with green colors, chlorite, epidote, prehnite, rather than red laumontite, ete.

3Perhaps, therefore, also on the north side.
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to the advancement of science, and he also made a serie:s of tests
of mine waters, which went far beyond what he was paid fo?.
‘ In all cases chlorine. calcium and total solids were det‘er-mmed.
In many cases computing sodium enough to satisfy the acid, made
solids e:hough by summation very mnearly to agree \Viﬂ‘l those ob-
tained by “heating to incipient fusion,” which latter is the way
the totai golids were determined for the lower stronge%’ waters.
This gave results a “little too low” as “some of the calcium chlo-
ride was broken up.” This method was not employed for the upper
waters that might contain large proportions of carbonates. In. a
number of cases other substances were determined, thf} 1')romme
most commonly. When the bromine is not determined it is prob-
ably ineluded in the chlorine. In a few cases exhz%ustive tests were
maae, and tests for copper and nickel more widely. Iron and
alumina were measurable in the Quincy waters. . ‘
The results are given in grams per liter, oz. per cubic foot. The
specific gravity was determined for about a dozen of the ‘wat.ers.
As is shown by Figure 58 it pretty closely follows the rule that

1.200 /’0/
/

[¢]
1.100 °
o o]
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S
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i i i i g i between specific gravity
i i trating connection experimentally determmeq D !
ang}%oggént%%i%?%fﬂ}r\;isné watgers, the ordinates being the specific weight, the abscissas, the

per cent of solids.

ten-eighths of the excess of specific gravity is the percentage of total
solids. ‘ . ‘ '

It is quite clear that no serious adulteration Wl'th urine 0}’ .IlltI'O—
glycerine could be introduced without introducing guantltles of
flijtrogen in some shape—it might be oxidized to nitrates—that
should be recognizable. It is also clear that the tendency of §uch
adulteration will be to increase the relative proportions of sodium.

No such adulteration can change our general results.




780 KEWEENAW SERIES OF MICHIGAN.

§$4. IRON COUNTRY MINL WATERS,

The first definite indication of calcium chloride waters in the
iron nines came to my attention in testing to see whence a flood
of water in the lower levels of the Vulean mine might have come.
From the analysis of this water. page 153 of the annual report for
1903, taken in connection with the surface water analyses (p. 156)
I inferred an admixture of a small quantity of calcium chloride
water, and that there was no direct connection with the surface, or
the alkalis would be higher. T suspected this flood to be connected
with ecaverns in the Randville dolomite, and it is said (priv. com.
W. Kelly) to come from the talcose underlying schists.

The temperature of the water at the 12th level, 1,000 feet from
the surface, was: at the shaft, 57.°2 F.; at the ﬁrst winze, about
100 feet west of 1hc shaft, ()O.O(), and the west end, almost 300 feet
west of the shaflts, 58.2°. (See annual report for 1901, p. 246).
According to the observations there, the mine water at 1,210 feet
was 56°, and at 270 feet, 45.°8. This water is then, abnormally
warm—either from working up (?) ov the heat from casing, fric-
tion and decayed timber.

The question arose whether it had any immediate surface source,
and accordingly, analyses were made of the surface waters, which
will be found in the annual report for 1903, p. 156. In them the
chlorine is from 3.8 per million down, the alkalis high.

In a later flood! the output increased from 600 gallons per min-
ute to 2,000, the increase being from a flow of water in the pump
station on the 15th level. About Dec. 10, a sample was taken and
analyzed, colamn (1). On March 19, 1904, it reached a maximum
of 2,807 gallons and has since fallen off fairly steadily, being mnot
much affected by the seasons. By March 26, 1907, the flow had
fallen to about 1,000 gallons per minute when it was analyzed
again by G. Fernekes with the results given in column 2. The de-
crease was principally in the flow in the 15th level pump station
which “comes from the talcose slates underlying the north ore
formation.”® In the mean time at the west end of the 15th level
a flow was struck “coming from the slates overlying the north ore
formation,” 1,300 feet west, about Sept. 1, 1906, amounting to
about 250 gallons a minute, and this was tested, analysis 3.2 Com-
paring these Vulecan analyses 1, 2 and 3, it is clear that the hard-

ness remains fairly constant, and there is always practically all
the bicarbonate it can hold if there is no excess of CO0,,* but with

1Priv. Com. Agent W. Kelly, Mar. 10, 1907, and earlier.

21J. 8. G. 8. Monograph 46 by Bayley, PD. 221—2 452.

3Analysed by G. Fernekes May 10, 1907.

+Volume VIII, Pt. 3, p. 212 saturation is 95 parts per million Ca, 105 fixed, 210 total CO,.
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time and the addition of the new sources at the west end the chlo-
ride dropped, the alkalis rose and approached the amount in the
surface waters. Judging from the analyses of the talcose schists
given by Bayley (loc. cit.) the alkalis are not leached from them or
the Randville dolomite, and the first water struck which had no
alkali seemed to come from that direction. The abundance of
potassium relative to sodium in column 2, may be connected with
the fact (loc. cit. p. 379-389) that potash was found in 11 of 15
samples of ore analyzed, soda in but five and generally seems less
abundant in the ore. The later analyses and the exhaustion of the
flood which has come to pass show quite clearly that no mistake
was made in inferring from the analysis that it was not directly
from the surface and would run down.

Analysis (1) has the characteristic of the early connate waters,
ehlorine high relative to sodium.

VULCAN MINE WATERS.!

1 2 3

Insoluble matter, clay & SlO ............ 4.4
Solid solubles ...... ..ol 340.00 344.00 303.63
Organic matter ........... ... ... ...... 52.3
Carbon dioxide .............. ... ... ... 37.3C0,163.00 171.00
Non volatile solids ........ ... ... ... 250.4

In solution.
SO, oo 5.8 9.8 1i.2
AL O, oo 44 182 1.7
Fe_, O ................................... trace
L S 60.3 6229 62.3
Mg, oo 37.7 2820 30.5
SO, o 43.0 1314 112
Ol e 61. 18.68
Koo trace? 13. 3.7
NaK (oo p- n. d tr. 6. 11.03
Sro Li oo 0

Total by addition ................. 209.2 33231

Diff., organic, and undetermined Li,

Ba,etc. ... il 11.96

" In the same way tlie Ishpeming mine water (loc. cit. p. 157),
given below, shows a greater amount of chlorides than is at all nor-
mal to the superficial waters of the Upper Peninsula, though not so

1Analyses in parts per million. Analyst, for 1 E. E. Ware for 3 and 2, G. Fernekes.—Loca-
tion given above.
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much that it might not be attribated to organic contamination,
which however, the geological conditions render unlikely.,

An Ishpeming mine water, collected by A. Formis, coming out of
a diamond drill hole at a depth of 825 feet, gave the following re-
sults in parts per million.

1 2.
Lime as carbonate. ..... ... .. ... .. 55.8
Oxide determined .......... ... ... ... ... ... .. 31.3
Magnesium as carbonate ....... .. ... ... .. 17.0
Oxide determined ........ .. ... ... .. . e 8.1
Iron and alumina carbonate ...... ... ... ... .. . ... 85}
Oxide determiined ....... ... ... .. . i 7
Requiring CO, ... . i i i ..332
CO, actually determined........... ... ... ... .. .. .. ..... 34.3
Total encrusting solids .......... ... ... .. ... ..... 73.3
Chlorides as sodium chloride. ............................ 56.2
Chlorine determined ............. ... . ... i, 34
Sulphates as sodium sulphate (25 Na).................... 67.0
S O, determined .......... .. . i 33.4
Total corrosive solids .......... ... .. ... ........ 123.2
Silica .o 10.5
Water of crystallization®. ... ... . ... ... .. ... ... ... ... 3.2
Excess of CO,. v i i 1.1
Combined CO,....... ... .. i ii ... e 33.2
Sodium chloride ... ... ... . 56.2
Organic matter by difference from ignition loss............ 19.9
Ignition loss ... ..o 113.6
Total by computation ......... ... ... ... ... ........ 2291
Total by evaporation at 105° C..................... 232.2
Difference (minor errors, extra weight of potash over soda
and undetermined) ............. .. . L. 3.1

Analysis by Kirschbraum, computation by A. C. L.

T took, myself, with Mr. E. A. Separk, the chemist, a sample of
water from the Aurora mine, Gogebic range, 200 feet west from A
shaft about 900 feet down, on the 5th level at a point which had
been opened five months. The temperature of the water as taken

!The sulphates are probably in large part calcium sulphate, etc., and the soda corresponding-
ly carbonate, reducing the amount of crystallization water.
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was 67° F.; of the drift at a dryer place 57° F. The water was
coming down on top of the 60-foot kaolinized dike which crosses the
formation there.

The analysis is as follows:

December 8, 1904.
Sample marked—Oliver Mining Co., Aurora mine water, Ironwood,
Michigan.

Grams per liter.

Total solids . ... ... o 1420
Loss on dgnition...... ... ... .. ... .. 0544
SIHea ..o 0122
Jdron and aluminum oxides........................ . 0012
Lime ... .o e 0354
Magnesia .......... o o 0150
Sulphuric anbydride ......... .. ... ... ... ... ... .. 0044
Clilorine ... L0160
Sodium oxide ......... ... ... . ... . ... . 0037
Carbon dioxide ............... . ... ... 0510
Organic matter ................ ... ............... 0034

F. K. Ovitz, Analyst.

Upon evaporating fifty ce. of the water to which a few drops of
hydrochloric acid had been added to three or four ce. the spectro-
scope showed no test for potassium. No phosphorous was found.
The organic matter is taken as difference between loss on ignition
and carbon dioxide.

Here again while the total solids are not greater than might be
found in any surface water, and the chlorine not greater than might
have been artificially introduced, the amount of chlorine is more
than twice what can be combined with the alkalis (Na : Cl :: 23;
35.5 ::.0037 : .0057) and the presence of calcium chloride and the
admixture of a small quantity of water containing this in solution
must be inferred.

Sometimes the amount of residual chlorine is so great as to affect
the use of the mine waters in boilers. This instigated tests of the
Hurley (Superior and Ottawa) mine waters which will be found in
the L. 8. M. I. paper.! These mines are just over the line in Wiscon-
sin, and not very deep—=5th to 12th levels.

Through H. H. Smyth I was enabled to get a very much stronger
water from the Germania mine of the Harmony Iron Company at
Hurley, Wisconsin, an analysis of which will be found in the Cana-

‘1Proc. Lake Superior Mining Institute, Vol. XIII, p. 71,
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dian Mining Institute paper. In it Ca (.203) : Cl (.638)==345 and
there was sulphate. It was found in a huge vug, a solution cavity
which is 700 or SO0 feet east of the shaft on the 14th level, close to
it on the 11th and 12th and pitches therefore flat to the east, like the
dikes, but seems to follow a big crack or fissure that comes in and
dips to the south against the foot wall which dips north. The vug
was full of the salt water (1.385 per thousand at 110°, after ignition
at low heat 1.005) and of a gas that put out the candles, hence
was probably CO,. T visited this great cavern with water corroded

sides in June 1909. The water from the bottom of the shaft gave

Ca 1.426 and Cl1 3.793. Ca : C1==0.376.

These salt waters occur all along the range to Sunday Lake.-

Through Mr. George H. Abeel, Jr., T was enabled to get tests of the
deepest mine, the Newport mine (north half of Section 24, T. 47 N.,
R. 47 W., just east of Ironwood), which is looking, T am told, as well
as ever at the bottom. At 1750 feet a dike came in carrying lots of
ore, and it will be noted that the water is relatively fresh. This
dike may possibly be a split of the one in the Aurora mine. Mr.
Abeel’s tests of chlorine show that the water is less saline just on
the dike than below or from a diamond drill hole in the hanging,
and much less saline than at the Yale which is not so rich. His re-
sults are:

Grams
Number. per liter CL Position in Newport mine.
22 105 On 15th level about 1180 feet from surface.
21 14 16th level, under dike.
14 14 17th level, under dike.
25 07 On 17th level, on dike.
24 14 On 17th level, 20 feet in foot.
23 07 Diamond drill hole in hanging.
27 tr. Above dike, about 1300 feet from surface.

The Newport is under a hill. The next, the Yale, is in a trans-
verse valley farther east on the range, in the 8. 14 N. W. 1/, Section
16, T. 47 N., R. 46 W. Here again down (363 feet vertical) to a
flat dike cutting the formation at the 10th level no trouble was
found in using the mine water as boiler water. Then the trouble
began. A sample of water pumped from the mine when at the 15th
level (1200 ft. vertical) gave E. B. Smith 13.12 grains per gallon CL

0227 « ¢ “

as against, from the adjacent Colby, —_
12.8 grains

1Vol. XII, pp. 124 and 126.
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T took two samples. (1) representing the whole mine, which
vielded 125 gallons of water a day, about 50 gallons coming above
the 10th level and practically fresh, the balance (75 gallons) below

that level gave in grams per liter (1)
.0.710 Cl
to 0.568
0.781
Hardness = 0.260 Ca
(2) representing that below the 10th level 1.070 €l
to 1.170
0.429 Ca

Hardness = (.540 Ca

It is apparent from these tests compared with the tests of George
H. Abeel, Jr., that the bulk of the water below the 10th level is that
coming above the dike at the 20th level or like it. We may also
infer that the water above the 10th level will run about 0.18 grams
per liter which is more than that above the 5th level, and less than
the average water in the cross-cut. Arranged in order of concentra-
tion Abeel’s field tests gave.

Number. Chlorine. Position in Yale mine.

9 07 Above 5th level.

2 .35 10th level cross-cut, raise above 3rd dike.
5 14 10th level cross-cut above 2nd dike.

1 14 10th level cross-cut below 2nd dike.
17 .28 10th level cross-cut above 1st dike.

8 14 12th level on dike.
10 14 14th level above dike.
20 42 17th level diamond drill hole in hanging.
18 .49 17th level above dike.
19 R4 19th level above dike.
16 84 19th level below dike.

15 1.33 20th level on dike.

11 84 21st level below dike.

To explain the references to dikes we remark that the iron bearing
formation of the Gogebie range is cut across by Keweenawan dikes,
and that the iron ore lies in troughs made by them and by an im-
pervious foot wall. Most of the water of the mines comes in along
these dikes which are kaolinized as described in a previous chapter.
So it was of interest to see if any connection befween the chlorine
and these dikes could be obtained. A long cross-cut cut into the hang-
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ing at the 10th level gave a chance to test that. There is but slight
difference. The iron ore bodies seem to have a little fresher water,
and so on the dike it is sometimes a little fresher, but on the whole
the circulation was so long ago that the inequalities in concentra-
tion seem to have nearly spread out horizontally. Tndeed, it is not
sure that the slight effect observed may not be due to ecirculation
started in mining. It must also be remembered that there are faults
nearly parallel to the strike, which act like another foot wall to
make with the dike a trough for the accumulation of iron ore. These
faults, (though strike faults) can be recognized by the way they dis-
place the dikes. As these dikes are of Keweenawan age it is con-
ceivable that they introduced the chloride waters after the iron ore
bodies formed, for pebbles of the latter are found in the Keweenawan
conglomerates. Salt water is also reported farther west around
Sunday Lake in the Brotherton mine and near Wakefield, but has
not been farther studied.

REPUBLIC MINE T. 46 R. 29.

Captain Peter W. Pascoe reported a salt water coming at a verti-
cal depth of 1153 feet from the surface in the 16th level, 600 feet
northwest of the No. 9 shaft. With Messrs. Siebenthal, Slaughter
and Pascoe I visited several places in the deeper part of the mine
where saline waters came in, testing with total reflectometer and
urinometer, and taking a sample of the strongest.

At 1153 feet down, 600 feet northwest of the No. 9 shaft a drip
from a drill hole and fissure which has a temperature of 55° to 56°
F. and precipitated iron freely on the floor of the drift, seemed fresh
and showed an index of refraction near that of fresh water. This
was from an east-west seam. A seam with quartz and coarse hema-
tite ran N. N. E. and dipped 45° to S. E. The ore body dips 80°
and pitches 45°.

On the 1435-foot level, say 700 feet from No. 9 shaft, was another
flow, temperature 59° and there was a more appreciable amount
of salt. On the 1710 level near the Pascoe or south end of the
mine the strongest water was almost drained off* from a fissure mak-
ing an angle of 32° with the drift, dipping 24° or so north of west.
The temperature was 57° to 57.5°, the Sp. Gr. by urinometer 1.025
to 1.027. The analysis by Dr. G. Fernekes is as follows:

1t is characteristic of the sérong calcium chloride waters that they appear in limited quantity.
More than once I have been told of one by a mining captain, and upon going to the place found
not enough to test. Somewhere lower we might find it.
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o]
~I

Grams per liter.

L0 TR 7.902
N o e 7.290
Mg .566
L 25.360
SO, o [ 1.045
O, e not determined
AL Oy oot 700
0 5 tr
Fe o tr
N 1051 | N 42.863
Total SOHAS ... i i 45.590

CHAMPION IRON MINE T 48 N., R. 30 W.

A sample was sent in by the agent, W. H. Johnston, which came
from the 28th level, 800 feet east of No. 5 shaft and was taken with
great care by Harry R. Hulst. It was a slow drip.

It gave the following results:

Sp. Gr. 1.0037. This would correspond to about .5% CaCl, and
51 NaCl

Grams per liter.
Total solids by evaporation, including combined and

crystal water ....... ... .. i, 7.100
Chlorine Cl .. . i i it i i it <. 3.050
Caleium Ca . ..o e 0.810
Sulphate 100 SO,. ..ottt 0.370
Alumina Al, O, oo ....present
Carbonates CO, .o i e very low
Iron ... it e 0

M. A. Cobb, Analyst.

The ratio ot Ca : Cl = .27 is not very far from that of the Repub-
lic sample just ecited (.313).

Salt water is also said to have come out of a drill hole in the foot
wall south from the 17th level No. 4 shaft and no doubt traces of
calcium chloride water could have been found higher up if tested
for.

This mine shows well the contrast between the upper circulating
waters and these lower ones. Very little water is said to come in
below the 800 to 900-foot level. The salt water is said to come
mainly on the 28th and 30th levels. A pump at the 1000-foot level
takes care of practically all the water. When I visited it, July 2,
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1909. they had done no pumping below that level since August 21 of
the previoug vear, at which time it was bailed out in one day in
about 50 skips. This mine is an unusually interesting one owing to
the metamorphic change. Griinerite, chloriteoid (masonite) and
tourmaline are found. The latter occurs down in the 20-23rd level
and some more was recently found about 2000 feet from No. T shaft
in the 3300-foot level. I mention these facts as theyv might have
some bearing on the composition of the water.

$5. COPPER COUNTRY WATERS.

The first published analysis of Lake Superior mine waters of
which T know is that of Silver Islet, within sight of Isle Royale but
on the Canadian side of the boundary which should perhaps be
geologically included with the iron country waters as it occurs in
Huronian rocks, but it is very strong and may be associated with
a Keweenawan intrusive.

The water in the Silver Islet mine® was noted also for the presence
of combustible gas, which came in vugs penetrated by drills with
salt water below 500 feet.

The calcium chloride water; I am informed by W. M. Courtis, who
was employed as chemist there, came in a bore hole on the north
side of the shaft at 560 feet from the surface.

We calculate from the original figures given in the L. 8. M. L.

report.
O N 22.53
Al e e e e 6.45
F O 6.23
2 25
M e 34
RO, 047
L A77

PEWABIC LODE.

The next analysis published and the first I personally heard of
was the one made by Prof. R. L. Packard, of water reported by
an error as from the Huron mine, in Wadsworth’s annual report
for 1892, p. 174.

1See Canada Geological Reports, H. 1887, p. 28, 58.

W. McDermott, Eng. & M. J., Feb. 3, '77, p. 53. . .

T. Macfarlane, Trans. A. I. M. E., VIII, 1880, p. 226; XVII, p. 296, and earlier volumes, i.
e, IV, VvV, IX, XV, p. 671.

Data of Geochemistry, U. S. Geol. Survey, Bull. 330, p. 144. . .

2In all the mine waters there appears to be bromine which is presumably included in the
chlorine when not given separately.

KEWEENAW SERIES OF MICHIGAN. 789

I was assured by Capt. J. Vivian that the sample was really from
the Franklin.

The full figures. both of the analysis of the general mine water
and of the boiler water are given there and in the [. 8. M. I. paper.

Attention was first called to it and the analysis made because of
the trouble it made in the boilers. This was when the mine was
down to the 25th or 26th level (16107 on the lode) about 13007
below the surface.

Another analysis of the general mine water made in Chicago at
about the same fime is given also.

Cl o 4.739 per thousand
N e e 1.583
Gl e 1.378
) 086
Mg .030
Fe, Al, Si p.n.d. compare following analysis.
Organic
CO, o .088
SO, 174
8.078
Undetermined .......... .. .. .. . . i 0.437
Total solids ..o 8.515
Na:Cl oo .33
Ca:Cl o .29

Cl e 2.694 per thousand
D 763
et e e e 184
Mg o 056
) 077
Fe o 012
Al 016
5 O 134
CO, o 046
SO, (e 213
OLganic . ... 027

BUIL o e s 4.827
Na (] 283

37
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It comes from the same general lode and horizon as the Quincy
mine waters analyzed by Koenig, Fernekes and Steiger below, and
the water from seams in the Franklin Junior cross-cut and their
work on the Pewabic lode is also from geologically a similar hori-
zon and depth. The relatively greater amount of sodinm as com-
pared with them is marked. But these are analyses of a composite
water.

QUINCY MINE.

The Quincy mine was of especial interest as offering the deepest
mining on the amygdaloid, and as being the one in which copper
in the mine water first attracted attention. It was not easy to ob-
tain satisfactory samples in the upper old workings.

I am informed by Prof. J. Fisher that in the Quincy mine flows
good to drink were found on the 13th level, and on the 26th level,
but that on the other hand a drill hole in the hanging between Shaft
1 and 2 just N. E. of the old man engine shaft on the 26th level
was too salt to drink. This is about 2,000 feet deep on this lode,
which at a dip of 53° is 1600 feet vertically. This would bring the
salt water in at about the same depth as in the Franklin—a little
deeper possibly. Tt should be remembered that the Pewabic lode

worked by the Quiney Mining Co. is in the “Ashbed” group, a series -

of extra feldspathic traps containing unusually much sodium.

The upper water of the Quincy mine is said to have contained 35
parts per million of calcium carbonate and sodium silicate with no
free CO,, reacting alkaline when reduced to half volume.

It is difficult to get the exact vertical distance of these samples
as the contours of the ground differ several hundred feet and the
lode itself varies in dip from 52° to 54° at the surface to 37.5” at
the bottom of No. 2, 5500 feet deep in 1908.

To 8. Smillie, then engineer of the Quincy we owe a significant
series of tests of the chlorine in the mine water with notes on the
copper bearing character of the adjacent ground. The figures are
in grams per liter.

No. 7 shaft lies farthest south and was 5,162 feet deep in 1908.
It is 860 feet southwest of No. 4 which is 585 feet southwest of
No. 2.

In the 13th level, ground carrying no copper............ Cl 07
In the 16th level, ground carrying no copper............ Cct  1.00
In the 36th level, ground carrying no copper............ Cl 47.25

The well at his house 350 ft. northwest of No. 2 shaft gave.C1  0.20
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At the Tth and 9th Jevels near No. 2 which is near the top
of the hill in fair copper ground in cross-cuts over to the

west vein ... 0.20

In the large band of barren ground extending down to the
40th level 2300 feet, the c¢hlorine is onlv.............. 0.07
to  0.14

The water is very copious and abundant, running freely, the
ground hard. Ome drill hole in fair copper went as
high as 0.160.
In the 18th level, No. 2 shaft, the ground carrying little
copper, there was. ... ... ... . .. i 0.04
In the 40th level, No. 2 shaft ground carrying no copper.. 84.61
In 63rd level, No. 2 shaft, ground carrying excellent copper. 175.
In the 64th level No. 2 shaft, ground carrying excellent
COPPT - et ittt et e e e e e 146.67
No. 6 shaft is 200 feet south of the Old Franklin line. It
was 5500 feet deep in June, 1908. .
In the 63rd level, excellent copper ground.............. Cl 195.13
In the 64th level, excellent copper ground................ 146.67
Mr. Smillie also makes the significant observation that deeper down
in the mine the amygdaloid belts are much better defined and much
less disturbed.

There is in the Quincy a fissure with “dragged copper” and faults
(the south side dropped?) running near the west quarter post of
Section 26 a liftle north of east and dipping to the north with a
slight hade. The big calcite vein which strikes N. N. W. to the
north part of the Quincy shown on the report of the Commissioner
of Mineral Statistics for 1889 is not slickensided.

The Mesnard shaft, No. 8 is at the extreme north 4,168 feet north
of No. 6 which is 1928 feet north of No. 2, and was 4500 feet deep,
the 24th level corresponding to the 42nd level of No. 6. The levels
are at 135 feet intervals. From poverty in the upper levels it is
said to have improved beginning at the 10th level but markedly at
the 20th level, and best at the south end.

In the 13th level, ground carrying no copper............ Cl 111
In the 20th level, ground carrying no copper........... 32.25
In the 20th level, ground carrying no copper.......... 31.75
In the 21st level, drainage, good copper................ 21.05
In the 23rd level, drainage, fair copper................ - 130.65
In the 24th level, excellent copper...................... 100.30

In the 46th level, excellent copper..................... 147.00
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Dr. Koenig made some tests on a deep water from the A7th level
of the Quiney running into a sump on the 50th level, given in our
annual report for 1903, p. 243, and in the L. 8, M. 1. paper No. 7.

The Sp. Gr. wonld indicate 216.27 grams per kilo of CaCl,. We
may compute this as:

e 132.5
N e e 11.7
e 64.5
208.7
Fe o .004
L 009t

Ca ; Cl= 485
Na : Cl == 0885

This is essentially the same as the water obtained by G. Ferneckes
from the pump at the 62nd level, and as tested by Geo. Ii. Steiger,
U. 8. G. 8. Bulletin 330, page 144, and the discrepancies are due to
the difficulty of the determining small quantities of other things
beside such large quantities of calcium chloride. After running
along the level the copper dropped to 7 grams per ton.

Certain of the Quincy samples were tested for CO, by distillation,
and also for ammonia. A very small amount of the latter was
found on which no stress can be laid as it might come from organic
contamination or dynamite fuses.

Dr. Fernekes’ first test was from drippings in the 49th level north
of No. ¢ shaft, as follows:

Clo 142.173 grams per liter
(7 70.072
N ot e e 12.064
Br 1.891
L] o tr
BUNL ottt e e et e 226.206
Difference ... i, 320
Total solids determined............. 226.52

Sp. G119
Whence we compute:
Na : C1=10.083
Ca : Cl=0494
This is practically as strong as it gets.

1,007 after it has run along the level.
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Dr. Fernekes also made the following tests (analyses 89 to 97 of
the T.. 8. M. 1. paper) of waters which all had from 8 to 16 mg of
copper per ton and are all of the lowest type of water.

From water running from the walls on the 53rd level, north of
No. 6 shaft.

Cl o 174.287 grams per liter
L 86.500

N e e 14.068

By o 2180

CU e e e tr.

SUmM .. e 277.035

Difference ........... ... ... ...... 4635

Total solids determined............ 277.500°

Sp. Gr. 1.21
We compute:
Na : Cl1=0.081
Ca : Cl =0.496. ’
Quincy mine. 53rd level N., stream near No. 6 shaft.

Cl o 177.380 grams per liter
G o e e 87.478
Na it . 14.920
L0 trace
Br . e 2.240
SO, o 123
SUM . oi e e e e 282.141
Difference .......... ... ... . .. ... 359
282 500

We compute:
Na : Cl=0.0843
Ca : C1=0.492

This analysis was published by Dr. Fernekes in Economic Geol-
ogy 11, page 584, with a slight misprint.

Quincy mine. In stope 10 feet below 53rd level N. of No. 6 shaft
—a running stream.

Cl 173.735 grams per liter
Ca . 87.380
Na oo 13.470

1S0lids when not heated quite so hot 281.900.



794 KEWEENAW SERIES OF MICHIGAN.
B 2.272
00 T t1
SUIL e e e e 276.857
Difference ...t 243
Total solids determined............ 277.100

We compute:
Na :C1 .078
This sodium ratio is abnormally low—an error in analysis is pos-
sible but not probable.
Dripping on 55th level N. of No. 6 shaft, Quincy mine.

Cl 176.027 grams per liter
Br o e e 2.200*
e e e 86.478
N e e s 15.188
Koo e 411
BO, 110
Bi 0, o 020
Fe, O, and Al ,O,. .......c........ 010
Mo e e e 004
0 T 016
D\ O .006
e LA trace
BaA et none
| 55 S O none
Mg 020
B o trace
CO, e none
10} ) I U 280.489
Difference ...... .. ..o i 011
Total solids determined.......... . 280.500

This is the most complete analysis made of the deep water and
may be taken as the standard. It is worth noting that calcium and

. sodium echlorides form 99% of the total salts, and calcium and
sodium bromide three-fourths the remainder.

1Cf. test of Dow Chemical Co., .17 per cent or 2.13 grams per liter.
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Na :Cl 0865
Ca:Cl 49
N. of No. 6 shaft, running 10 feet below 55th Jevel Quincy mine.

Gl o s 176.400
O P 83.200
D T 17.580
53 2.460
(83 tr
U 450
SUIM ottt et e, 282.090
Difference ........ .. ... ... 310
Total solids . ...ovviivi .. 282.4

Sp. Gr. 1.22
Boiling point 104°.5 C.
We compute:
Na : C1=10.099 ~
Ca : Cl==0483

This higher ratio of sodium might be due to urine, ete. A sample

at about this level gave the Dow Chemical Co., .17% Br with a Sp.
Gr. of 1.293 or 2.190 grams per liter. The same sample gave Fer-
nekes 2.390, which is a pretty close check as bromine analyses go.

Pool with good drainage on 57th level N. of No. 6 shaft, Quincy

mine.

Clo 113.7 grams per liter
L0 57.33
N et e e 7.70
B e e e 1.2
oo 0114 SN 179.93
Difference . ... .. i, 270
To’(_al solids determined....... 180.2

Sp. Gr. 1.13
Na : Cl=.068
Cla : Cl,=.504
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59th level. Quincy mine, said to be a fine slow drip.

Cl 166.56
L 82.486
N 13.129
53 R 1.92
SUI o e 264.035
Ditference ... .. . . . o 1.165
265.2
We compute:
Na : Cl=0.0785
Ca @ Cl,=10495
Quincy mine.  62nd level, N. from pump.
Cl o 131.46 grams per liter
Ca e 65.35
Na e e 10.56
Br oo 2.004
SUM e e 209.374
Difference ....... ... ... ... . ..... 426
Total solids determined........ 209.8

We compute:
Na @ Cl== .08
Ca : Cl,=10.496

In Bulletin 330 of the U. 8. Geological Survey, page 144, is an
analysis of the water from the “lower level of the Quincy mine,
Hancock, Michigan,” by Geo. Ii. Steiger for (. K. Leith. From it
we have

Salinity .......... 212.3
Na : Ol==.0885
Ca : Cl,— 485

On the whole the analyses of the lower waters are singularly con-
stant in their peculiar composition. The ratio of calcium to chlo-
rine by weight is almost exactly one to two.

When we consider the possibility of admixture from above and
from other horizons by cross-fissures, and of contamination in the
course of mining operations, the result is the more impressive. The
absence of magnesia compared with surface or iron country rocks
is the more striking in rocks so chloritic.
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The Franklin Junior mine is now running the same Pewabic
amygdaloid horizon also a few miles north but not at so great a
depth. Water on the 21st level 1000 feet or less north had a Sp. Gr.
of 1.010. In the 231d level the Sp. Gr. was 1.038. A sample was
taken, but the vial eracked and most of it leaked out. Ca : Cl was
0.35. In a pool right in the shaft between the 27th and 28th levels
it was much over 1.080 (estimated 1.150). Dr. Fernekes tested
three samples:

Sample No. 1, 2100” down on the dip, 1600’ deep is in a cross-cut
over from the Allouez conglomerate (See Fig. 40) to the Pewabic
lode on which the Quincy mine is working. It was slowly dripping
from a seam dipping 50° to 8. I, i. e,, about at right angles to dip
of bed.

The distance from the Allouez conglomerate No. 15 is 19274
(about 100" above the Mesnard epidote).

(1) Sp. Gr. by vrinometer in mine 1.045. Temperature 61° F.
Taken by A. C. L. '

Dr. Fernekes determined (on about 30 cc).

Ol 7.912

Ca 2.926
Whence we may compute:

Na to-satisty Cl......... ... ... ... .. ... ... 1.764

Sum L 12.602

Difference SO, Mg. ete...................... 298

Total solids at 160°C....................... 12.900

Ca Cly oo 8.116

(To satisfy CI) Na Cl........ ... ... ... ... ....... 4.486

12.602

Na : Cl==0.223
Ca : Cl=0.368
(2) Franklin Junior. Dripping from cross-cut on 2ist level S.
Taken by G. Fernekes later. :

Cl e e 8.580
e 3.289
N e et e e 2.349
SUIM e 14.216
Difference ............ .. .. .. . . . ... 044

Total solids determined................... 14.260
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Na : Cl=10.272
Ca : Cl==0.384

These two check fairly. Tt is notable that this which is nearer
to the conglomerate is less strong than the next following analysis.

I cannot very well account for the high Sp. Gr. of this and the
next, unless we assume that the water gave off little bubbles of
gas that clung to the urinometer, which I did not observe or that
evaporation tends to very rapidly concentrate the water in the
puddles on the floor where the urinometer was floated. The sample
was caught in a small vial from the roof.

(3) Another sample was flowing much more freely down
the side of the level from a similar seam 386 feet above the Allouez
conglomerate and dipping 40° into the foot from the hanging. It
must pretty nearly represent the Pewabic lode.

Sp. Gr. 1.055.

In grams per liter

Total solids at 160° C....... .. ... ... ... ... 46.100
Cl e .. 28.680
0 TP 12.290
Whenee we compute:

(To satisfy chlorine Na).................... L 445

4542
Ca Cly oo 34.09
Na Cl oo 11.33

45.42

Other substances by difference, SOy, Mg, ete., .68
Na : Cl1=0.156
Ca : Cl=043

A very small sample from the 23d level, all that was left of a
larger sample that had Sp. Gr. 1.038, gave F. W. Durkee:

Cl o 45. grams per liter
Ca i 15.6
Na o 11.8

72.4

Whence we compute
Na : Cl==.248
Ca : Cl=.212
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Evidently comparing this and the Quincy mine, in the Pewabic
lode, at any rate, there is vastly more difference in composition be-
tween the 15th and 20th levels than between the 21st and the 62nd.
See result in 14th level cross-cut. It will be interesting to com-
pare the Allouez conglomerate only 460 feet away.

ALLOUEBZ CONGLOMERATE.

On a visit to the Franklin Junior, May 24th, 1906, I found in
the 14th level cross-cut 270 feet above the Allouez conglomerate a
drip with Sp. Gr. 1.000. The long 4th level cross-cut also had Sp.
Gr. 1.000 wherever tested (see Fig. 40).

On the 15th and 16th levels I did not find enough water to test.
There was more in the north end of the 15th level and the south
end was very dry.

On the 17th level the water on the floor seemed to have Sp. Gr.
1.000.

400 feet north of shaft it was dripping freely and seemed to have
increased in gravity (1.002?).

On the 18th level 8. a dripping tested had Sp. Gr. 1.000.

At the reservoir for drill water near shaft Sp. Gr. was 1.003.

On the 19th level T could only find a drop to taste—quite salt.
The 20th level was dry. The 21st level water of drift has Sp. Gr.
1.003.

The change from fresh to salt was according to Capt. J. Doney
between 14th and 17th levels and his observation was later fully
confirmed by Fernekes’' fests. He also thought the rock became
richer at that point.

The Allouez conglomerate has a straighter “hanging” top than
“foot” bottom, and where it is thin is is generally barren. There
was good copper bearing conglomerate in the 22nd level. Some
of the basic pebbles are quite decayed.

The dip flattens from 48.5° down to 46°34 at the bottom of the
mine.

Mr. Rickard in his book on the copper mines of Lake Superior has
some notes on the distribution of copper in this lode.

On Oct. 13, 1906, I again visited the Franklin Junior mine.

We failed to get any water at crevices on the 17th and 19th level
where Captain Doney bad noticed it. Fernekes in 1906, took sam-
ples from the No. 1 shaft, on the Allouez conglomerate.
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From a drip in the 15th level. Na : Cl .39
Cl o O 0.416 Ca : Cl= 0.234
Cal 0.13 Water dripping 1200 feet 8. of No. 1 shaft on 18th level, Frank-
N e, 0.115 lin Junior.
E— Cl o 3.621
SUDL oo e 0.665 : [ T PRI 1.516
Difference ... 0.085 N e e e 0.609
SO, e 0.040
Total solids determined ................ ... 0.750
We may compute: 100 T A 5.756
Na @ Cl=0.277 . DIFEreNee . ovvveet i e 274
Ca : Cl==0.322
The high ratio of sodium to chlorine and of difference not chlo- Total solids determined ... ....co v nineronn.. 6.030

rides show the mixture of upper water quite plainly. This is just
on the line.

From a dripping 1,000 feet S. of No. 1 shaft on the Allouez con-
glomerate, 17th level, Franklin Junior.

This is a good deal fresher than the next analysis, the 19th level
north, but stronger than the previous one.
Na : Cl1=10.167

Cl e 0.858 Ca : Cl=10.420 ,
Oa v 0.211 | Franklin Junior from a dripping on the 19th level 200 feet north.
Na o 0.313 | Ol et T 8.320
—— | CA e 3.166
Sum L 1.382 | NA o+ 1.750
Difference ......... ... ... i 313 !
o BULL ettt 13.236
Total solids ............... ... .. 1.695 ; DAFETENCE « v v vt te e 2924
Na : Cl=10.1382 ‘
Ca : C1=0.247 Total solids determined ................... 13.560
~ This seems to be fresher than that on the same level north, It Na : Cl=.21
is said that No. 2 shaft 1200 8. of No. 1 is better than No. 1 and Ca : Cl=—0.406
better than at 1200”7 or so than higher up ; ) ) .
At the old Rhode Island mine? further north and not so rich ] From pump on 23rd level near bottom of mine. 540
Mr. A. P. Frapwell found at 1,000 feet, 0.0760 Cl. ‘ (El ......................................... 2.;)9%
Reservoir 100’ north of No. 1 shaft, 17th level on Allouez. Ca o Sl
i i ' N ettt 2.032
Franklin Junior. ¢
Co I SO e 12055
Nl e et e 0.404 ; Difference .........coiiiiii 295
SUI v et e et e e e e e e e 1.719 Total solids determined ................... 12.350
DifFErence . .....oo.veeinesae . 0.281 Na : Cl=0.269
Ca : C1=10.330
POl SONS oo 2000 : On the whole the Franklin Junior tests show clearly (1) that the,
*Analyses are in grams per liter, parts per thousand unless otherwise stated. '
2Now part of the Franklin Junior. {
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amygdaloid waters are stronger than those of conglomerate. This
confirms the widespread impression of the miner. (2) That the
change from fresh to salt is relatively sharp beginning in this case
below the 14th level and well established at the 23rd. (3) That
the salt water when first struck is relatively high in sodium, and
low in calcium, so that no mixture of the strongest water with
fresher waters could. produce the intermediate waters. We find
these inferences confirmed over and over again. (4) That the line
between fresh and salt was perhaps higher at the north and leaner
end of the Allouez conglomerate corresponding to the surface rise
of ground is faintly indicated. A surface launder nearby contained
water that gave 0.058 Ca.

Outside the Franklin Junior few tests have been made at or near
the horizon of the Allouez conglomerate. I made a test of the Old
Delaware mine as it was being pumped out. This is close under the
top of the Greenstone and two or three hundred feet above the
valley, and was no salter than wells nearby (.030 to .040 Cl).

A sample of water from the 13th level of the Medora shaft of the
Keweenaw Copper Company gave

Ol e 0.248 grams per liter
Ca 0.151
Total solids ....... .. .. .. ... ... 0.560

Ca : Cl1=10.608
This is a hard surface water, the lime mainly that of a hard
water. It was still in the upper level. Owing to the flat dip of only
25° or so the mine depth would correspond to only half the verti-
cal distance.
We might assume we had

Na, 8i0, ............. P 0.018 grams per liter
CaCOy .ovi i 0.150
Ca Cl, oo i 0.253
Na Cl oo 0.143
Total ... ... i, 0.563

CALUMET CONGLOMERATE AND ADJACENT BEDS MIXED.

A good chance to compare tests in amygdaloid and in eonglomer-
ate is furnished in the Calumet and Hecla, Tamarack and adjacent
mines. A test of water from the Tamarack Pond will be found in
the Proc. I.. 8. M. I., and the report for 1903, p. 78, also one by
G. L. Heath from the Red Jacket shaft. This is a vertical shaft
and the exact horizon of the water doubtful. The original figures
are given there. Computing to uniformity we have the following.
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{The water was slightly alkaline, and owing to difficulty in
weighing a hygroscopic brine residue like this Mr. Heath thinks the
sum of constituents as reliable as total solids, since it is impossible
to drive off the water without volatilizing other things.)

50 G P 3.2660
N oot e 1.740

[ P 1.2496
M 0216
Koot e L0388
e e e .0026
008 e 00213
/7Y O 0134
CO, e 1494
SO, e 0392
80, dissolved ...... .. .. i i, 0032

Na : Cl=10.543
Ca : Cl=10.260

The amount of sodium is relatively very lhigh.

A stronger but yet mixed water derived by tapping the water
that had accumulated in the Tamarack Junior mine was given me
by Mr. G. L. Heath, July 27, 1905.

This mine was mainly outside the rich shoot of the Calumet and
Hecla conglomerate. (Pl. IX). At the east end of No. 2 shaft (See
TFig. 37) the conglomerate was only 6 inches of black amygdaloid
conglomerate, I am told.

The very small amount of sulphate is noteworthy, and the pres-
ence of strontium may be connected with it, for strontium sulphate
is but very slightly soluble in salt solutions.

Very rarely barite (and celestite?) are found in the Calumet
mine.

) S AU N 6.421
B O U N 0.776
Gl v e 2.875
M 009
Koo 019
Fe o e e 006
(5 PP 00144
/7, P 00076
5 OO 01742
75 00063
CO, o 084
80O, ... e 001

IMtuminating gas ......... ... .. .. . ... p-n.d.
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Na : Cl=.121
Ca @ Cl==.448

OSCEOLA TLODE.

Prof. James Fisher reports salty water that was popularly sup-
posed to be depositing copper at the 26th level of the old Osceola
mine following down the foot.

Tests of waters from the upper levels are given in connection with
the Calumet conglomerate, and are all relatively fresh. These were
from the Osceola lode back of the old Calumet and Hecla mine.

In collecting the samples from the 30th level e¢ross-cut of Tam-
arack in connection with President MeNair’s gravity work, 1 had
a chance to get a sample of water from the Osceola lode. The re-

~sults are as follows: (See Fig. 37.)

Water from Tamarack mine, 4,300 feet down at 1,794-1,800 feet
trom shaft No. 2. Taken by A. C. Lane, Sept. 14, 1905. Analyzed
by F. B. Wilson—Iletters of Oct. 8, 9, 28 and Nov. 22.

Sp Gre o 1.135
Total solids at their melting point. 157,411.5 grams per ton
Cl oo 97,963

Ca v e 47,166
Me tr
COy oo e e 0
Ba & Sr by flame test on precipitate. 0
NA ottt e s 8218

K v e 837
SO, oo 226
NH, CI by distillation............ 2,456.7
NH, i 829.8

Total determined solids....... 155299.8
Undetermined (organic matter crys-
tal water traces of Fe, Mg, etc.). 2,111.7
Excess of salts, shortage of Cl, per-
haps replaced by organic acids.. 1.169 589
Organic matter leaves a small residue of carbon in the total
solids and there is plainly some contamination.
The Sp. Gr. agrees quite well with the total solids. The ratios
are:
Na : Cl L0846
Ca : Cl 482
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A ratio of Na : C1 like this (¢f. Wolverine No. 3 shaft at the 30th
level 8.0 seems to be that normal to the deep waters,

I also made nrinometer tests of the waters at other points in the
29th and 30th level cross-cuts but in every case noted they were
stronger than 1.060 the limit of the urinometer seale.  In particular
i 1his frue of water dripping from a winze up to the 29th level,
about 400 feet from No. 2 <haft. which seemed to be between 1.08
and 1.16.  As veported in Volmue V. in the Tamarack No. 3 shaft
salt water was struck at 1.267 feet depth (about the horizon of
the Pewabic lode) in an amygdaloid horizon mueh above the C.
& H. lode. One of the specimens. too. from Tamarack shaft No. 4
from an ophite close above the Calumet & Hecla conglomerate
No. 16,472, T.4b72. thongh kept in our collection from 1894 to 1906
was still damp and bitter with calecinm chloride.

On July 13, 1909, visiting the North Tamarack shaft No. 3 with
Prof. J. F. Paull, T took a sample (No. T) in the 18th level cross-
cut at 790 feet from the Osceola lode again which gave

Cl (Br)................. 179.5542 per thousand
Ca. i 88.582 = Ca Cl, 245.815
Nt 14.803 (14.46 Na=NaCl) 36.782
SUM . oo e 283.019 6 H.0 237.
" Total solids at 105°C. . . ..400. Cf. 519.6

Whence Ca @ Cl== 493
Na  Cl=_.08:

This is somewhat deeper (5223.5 feet vertical) and much stronger
but the proportions are the same. The dilution of the 30th level
sample is due to contamination. Another small sample (No. 11)
from an amygdaloid 50 feet from shaft (hence about 1450 (900)
feet from the Calumet conglomerate) in the same cross-cut gave

Gl e e 0023me
e e 0010mg

ie Ca : Cl==.044

The amount of water wag not closely measurable.

A sample of rock from this same lode was extracted four times
with distilled water. The sample weighed 851 grams and was not
cupriferous. The successive extractions (500 cc. of distilled water
were used, except 690 cc. the first time) vielded Dr. A. A. Koch

39
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Ratios

Ca:Cl Na:(l
1. Cl o 2.5577 gr. Ca 1.2414 gr. Na  .2191 gr. 487 . 086
2. 0.5339 0.2591 0501 485 094
3. 0.3828 0.1866 L0285 490 075

4. 0.2283 0.1054 485
3.7027 1.7925 L2977
Total actually extracted at least..... ... ... ........... 5.7929

The irregularity in extraction of sodiwm may be due to solution,
but the rock was in coarse pieces, not crushed fine, and was left to
soak over night only. The first extraction was as the rock came
damp from the mine wrapped in paper bags. T think probably
that the total chlorine would be about 4.000, and total calcinm
perhaps 1.940, i. e, Ca @ Cl== 485. If then we assume Na in the
water to he 0.360 we shall not be far out. This would make total
solids in solution 6.3 mg

The first extraction gave 4.272 (grams solids at 110°) as against
a sum of 4.0182, the balance being perhaps crystal water. Part of
this may be charged to adherent moisture but I think not much. If
the water is as strong as any known (No. 7) and has 180 grams
per liter of chlorine (and that is also about the strength of the
deep Quincy water) then the 4.000 grams chlorine would mnean
22.2 ce. of brine (about 27 grams) of which 207 cc. would be
water. This would imply about 3.18% of rock moisture by weight,
which as amygdaloids are always damp is nothing surprising, or
it would mean 22.2 cc. of water to 290 of rock, that is 7.8% of pore
space filled with water by volume, which figure should be. reduced
somewhat for adherent moisture.

The close agreement of the H,O here found as probably present
in the amygdaloid with that we found necessary to convert a fresh
basalt glass into chlorite and epidote (Chapter 11, § 9, p. 86) is en-
tirely undesigned and accidental, and too much stress should not
be Iaid on it. It is, however, fair to call attention to the apparent
presence as quairy moisture of enough water to be a large factor
in hydration and chloritization.

A water sample (No. 5) from a winze 650 feet back from the
Calumet and Hecla conglomerate is perhaps from the Calumet
amygdaloid, but very likely to be contaminated with organic or
conglomerate water (to that probably is due the low Ca:Cl ratio)
and total solids 360 instead of 400) :
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e e 165.5155
L0 VP T0.863%
Mg e 0
B TP not determined
Tetal solids at 110°. .. ... ... . .. ... 359.6000
Ca : Cl=—0.44

These samples are strikingly like the deep Quiney samples both
in proportions and strength. though miles away and in a different
group even.

CALUMET CONGLOMERATE.

None of the above analyses represent the pure Jower mine water
or the Calumet & Hecla conglomerate. They represent either the
upper mine waters more or less contaminated with the lower, or
other horizons. A sample taken for Prof. H. L. Smyth of Harvard,
at 3,000 feet depth, was analvzed by Robert Forsyth. The figures

are:
66.94 grams per lifer solids of which—

Ca i e 24.77 %
Mg .o 0.06
Na i i i s 12.14
Cl e e 61.97
SO, o e 0.22
S1 O, o 0.09
Br o e 15
Al A7
Determined .............. . ... .... 99.57 per cent of solids

Na : Cl=0.199

Ca : C1=10403 -

This seems to be more likely the pure conglomerate water.

Another analysis of the Calumet and Hecla mine water from the
24th level, No. 7 Hecla shaft, an inclined shaft on the Conglomerate
lode, taken December, 1901, and furnished us by G. L. Heath is as
follows :

Total residue in thousand parts of water.... .0204
Bi 0, o .0029
e T U 0020
CU e e 00094
/7 1 e e e e e tr?
MgO .o 0267

102 or less.
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Na CLe&Br?y oo oo 29875
KCT 0173
LiCT 0175
a0y (reduce to Ca with trace of Sy, ... ... ... 1.96

SO, 1057
Total €1 {(and Br)y......... ... .. .. [ 4.499*
Loss on dgnition. ... . ... .. ... . .. ... .. 056
COL hardly any?
Total solids ... 00 0 0 7.65610
Ditference ... o L0583

Na 1 Clis about 177:450 = 0.26 (distinetly of the middle rather
than of the lower type.
Ca @ C1is 0.31
Fernekes took a sample from an inclined winze on the conglom-
erate lode near Tamarack No. 5 shaft, which gave

Clo 57.550 grams per liter
Ca oo 25.429
By o 1.070
SUM e . 92,081
Difference ........... ... ... .. .... 419

Total solids determined......... 92.500

We compute:

Na @ (1=0.14
Ca @ Cl==0.443

When we compare these with the previous analyses they agree in
being less strong than analyses from the amygdaloids and the
ratio of Na : Cl is higher. This agrees with the miner’s impression
reported by Mr. J. T. Reeder and others, which is confirmed by
other tests for chlorine only, that amygdaloid water is stronger
than that of the conglomerate.

It is somewhat stronger than Smyth’s water at 3,000 feet. The
ratio of sodium is lower too. The ratio of Na: Br is about the
same.

I also took samples of copper bearing conglomerate and soaked

1The poor check in bases (for the chlorine calculated to bases is 4.2833) may be
due to the Br.

2Corrosive effect about the same as that of the mine water from the Red Jacket
or Whiting vertical shaft. Experiments on corrosion showed that there was little
effect if the irom was entirvely covered with the water, but that otherwise consider-
able scale was formed on irom pipes,.

R —
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them in distilled water changed four times. Nos. 1 and 6 in 300
ce. and No. 2 in 250 ce. the first time. No 6 was mainly copper
from 20th level of.

Number 2 6
Weight : 355 grams 500 242
1. 3.6514 3.4209 3438
(1 successive extractions 2. ARG 3155 '“,482
3. 1489 1064 0319
4. 0851 0523 0177
4.3640 3.8951 4416
(1. 1.773 1.6597 1357
Ca successive extractions 4 2. 2266 1442 0220
3. 0882 .0606 0167
4. 0384 0235 .0063
21262 1.8880 1797
== 487 .585 41
Na 1. .2975 .265
2. .059
Na : Cl = 1.2 to 18 2 to .09
Total solids 6.750 6.190 .646

in first extraction.

It is clear that the Ca : Cl ratio approaches 0.49 in the successive
extractions, and that the conglomerate water has at this deptl,
essentially the same kind of water as the surrounding amygdaloids.
But the amount extracted is greater. One may estimate in No. 1

the total chlorine as 4.40
Calciom 2.15
Sodium 40

6.95 grams
or about 1.25% of the rock is soluble solids and probably (if we
take water sample 6 below as a key) about 35 cc. of brine, i. e., 42
grams which is to 100 grams or about 7.5% by weight,—about three
times as much as the amygdaloids. This would mean about 16.4%
of pore space as a maximum. Specimens 1 and 2 came 600 feet
from the cross-cat at the northeast end of the 18th level. No 3
was a drop of water only from the shaft at the 19th level, and no
tests were made of it.

In the same trip in 1909, above mentioned, I took a sample of
mud scraped from a damp spot near the bottom of the mine at the
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northeast end about under No. 4 shaft, at the same place that the
rock was taken (1); also a sample of mud baled out of a drill hole
(2); also some mud from the hanging of the 20th level (4); also
muddy water frickling down along foot of inclined shaft at same
level very likely to be contaminated (6). These were of value

mainly in showing proportions. A, A, Koch obtained

1t 21 41 6
Cl A16mg.  1.098mg.  .0383mg. 124.784 grams per liter
Ca 344 046 0127 57.111
Na 14.972
Ca : Cl, 482 495 332 AT
Total solids 255.550

The damp ground is said to be better copper bearing. The main
good shoot of copper ground coming in from the Heela (or “Black
Hills™) end of the Calumet comes in according to Captain Rose-
vear in the 15th level at 1300 feet; on the 18th level at 600 feet.

Tamarack No. 4 shaft about 600 feet northeast of No. 3 was
nmuch poorer. On the whole the samples (1 and 2) run a little
Ligher in Ca than those at the bottom (6).

I owe to Mr. E. 8. Grierson, chief engineer of the Calumet and
Hecla, some 33 small samples running about 33 cc. or less, put up
in vials T sent. They were mainly tested by Dr. A7 A, Koch, but
also by Karl 8. Meuche, Hore and myself. They include samples
from the Kearsarge hole on the Tecumseh (ILa Salle) and Calumet
and Hecla property, the Baltic lode on the Superior property and
the Osceola and Calumet lodes. We have the following results on
the Calumet conglomerate.

Number Depth? Position Cl Ca Ca:Cl
1 cc -1608 90 feet N. of No. 4 3.268 or 920 365
2.524 .
2 ce -2028 500 feet N. of No. 4  9.571 2412 254
3 ce -1848 2100 feet N, of No, 5 2,127 0939 45
5 cc -1488 2.920K 0.908 312
2.98221L,
Whereas in the amygdaloids we have:
4 ce -1668  First amygdaloid 55.00K 24907
east of conglomerate 55.17L
400 8. of No. 5
6 cc -472  Shaft 186, 40 feet above
24th level 3.2L
3.459 860 352

1Very small samples result in milligrams not parts. Specimens of rock and water 6 were
very nearly from the bottom of the mine at the time, 5367.5 feet deep, where the temperature
was 87°. No. 6 has less chlorine than Nos. 5 and 7 and on the whole confirms the miners’
impression that the conglomerate has for the same depth less salt than the amygdaloid.
2Referred to the level of Lake Superior; + means above, — below. X
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On the Osceola amygdaloid we have:

10 -+ 850 071 004
20 + 858 1418 008
30 +923 1.064 014
40 -+ 923 1418 .014
50 4663 1.418 004
650 + 885 1.418 031

These show much more strikingly than the analyses at great
depth the relative freshness of the conglomerate. which seems also
fresher at the north end near the barren ground in that direction.
The water from the South Hecla, perhaps at the lower side of the
shioot or below is very bad even above the 24th level. It is this
region where the salt crystals are found.

Our general conclusion is, then, that the Calumet conglomerate
water is relatively fresher than the amygdaloid rocks around it on
either side but that this difference seems to disappear somewhat at
great depth or at least that the ratio of Ca:Cl becomes about the
same. The copper is richest in the middle water and becomes very
slowly less rich as the lower water is reached, but continves good
Iong after the lower water is well established, and the Ca : CI ratio
has become 0.485.

KEARSARGE.

Proceeding next in order to a lode where a large number of tests
are available we come to the Kearsarge lode, and we take the an-
alyses in order from the north end.

The Ojibway struck salt water quite early, it is said, at 500 feet
{the 4th level). In opening the upper levels some fine specimens
of crystallized cubes and dihexahedra of copper are found. One
specimen Hubbard showed me has copper upon, and later than,
quartz prisms and pyramids, then later yet a zeolite in white prisms
with oblique terminations supposed to be laumontite.

The Mohawk mine was tested by Fernekes as follows:

shaft No. 1, 10th level dripping.

Cl e 357 grams per liter
L T O 067
N i e e 154
o110 0§ O BTS8
Difference CQ,, Si0,, ete.............. 122
Total solids determined.......... 700

Na : Cl=0.43
Ca : Cl=0.183
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This is a typical upper level water like the S, Kearsarge. but
only half as strong.
Shaft No. 1, 11th level, Mohawk dripping.

Gl 285
G e 057
Na 1198
BUIM o 4618
Difterence ... ... . 1382
Total solids determined. ... ............... 600
Na : Cl—=0.42
Ca : Cl=10.20
Note how sharp the change is at the next level.
Shatt No. 1, 12th level Mohawk dripping.
e 3.172
L T 1993
N e 914
SUIN e e e e e 5.079
Difference ... ... 276
Total solids determined ................. 5.355

Na @ Cl==0.294

Ca @ Cl=0314
This is fairly in the middie zone. The sodium ratio is dropping.
Shaft No. 1, Mohawk 13th level, pool.

L 3.299
L 1.241
N o e e, 11
UL ot e e 5.251
Ditference . ... .. 349

Total solids determined ................. 5.600

Na : C1=10.216
Ca : Cl=0.282
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Shaft No. 1. Mohawk, 20 feet 8. of 14th level, dripping.

Cl o 21.546 grams per liter
Ca e 10.560
N e e e 1.824
3 L 124
SUML e 34.054
Difference ........... ... ... .. ..... 346
Total solids determined. ........ 34.400

Na : Cl=.085
Ca [Cl=048

This is quite characteristic of the lower zone in proportions if
not in concentration.

The features of a splitting of the copper of the lode is, I am told,
shown in the Osceola lode on the Calumet property. Near the mar-
gin of the amygdaloid there is always a little copper, then again in
the foot where it is more massive, more irregular and perhaps 30
feet away.

The Kearsarge lode in various mines including the Pewabic has
an east vein and a west vein. How far is this in a way the same
phenomenon? The Osceola lode seems to run from 11 to 19 Ibs.
of copper per ton, in selected parts.

In this mine, the amygdaloid has two forms of alteration, one
brown and soft, one hard, greenish gray, quartzose and epidotic.
Cross-issures contain Mohawkite and Keweenawite. Shaft 2 is
especially poor, and on the whole the rock is not as rich as in the
Abmeek, or in the Shafts 5 and 6 near the Ahmeek, and the rock
near them is of the grey, not the brown type. The intersection of
the nearly vertical fissures with the lode which dips 36° or so, in-
clines 50° to 80° to the north. They seem to guide somewhat the
shoots of copper.

H. V. Winchell was inclined to believe these Mohawkite veins
genuine fissure veins filled from below. The cracks in which they
ocear are certainly of that nature. '

The North Kearsarge directly abuts the Ahmeek and is deeper
than the Mohawk. From this we have Fernekes’ test (T. 8 M. I,
Vol. XI1I, analyses 117 to 120).
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North Keavsarge mine.  26th level, 700 feet N. of No. 3 shaft.

o e
L
N e
L S
Br
RUIM v e
Difference . ... ... .
Total solids determined...............

Sp. Gr. 1.099

Ca : Cl 465

Na : ] 18

This is much stronger than any of the Wolverine waters but the

Na : €l ratio is similar to that on the 26th level.

N. Kearsarge, 300 feet 8. of No. 3 shaft, on the 27th level.

Cl o,

1013 S S

Total solids determined................
Sp Gr.  1.089
Ca : Cl 457
Na : Cl 1375

This is less strong than 119 at the N. end or than No. 117 on the
level above, but has just about the same amount of sodium.

1All samples from N. Kearsarge are estimated to contain from 2 to 8 mg per liter of copper.

?Estimated from 2 to 8 mg per liter.
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N. Kearsarge 450 feet N. of No. 3 shaft, 27th level.

i e 76.363
A 32.937
N o e 11.597
1 S p.n.d
Br 725
Y ¢4 121.622
Difference ......... ... . . . .. TR

Total solids determined................ 121.800

Sp. Gr.  "1.091
We compute:
Ca : Cl 43
Na : Cl1 151
These are running a good deal higher in sodium than the Wolver-
ine at the same levels and concentration.
N. Kearsarge, 28th level, 150 feet S.

L 60.480
(O 25.618
N ettt e e e e 9.722
B e e 675
SUIM o e e e 96.495
Difference ......... . i e 245

96.740

Sp. Gr. 1.074
Na : Cl=0.161
Ca : Cl=0.425
As we go south from the Allouez gap the relative amount of so-
dium at about the 26th to 28th levels seems to decrease, the cal-
cium to chlorine ratio increases, perhaps, but it is notable that it
is lowest in this last analysis—the only case of the sort I have
met.
Adjacent to the North Kearsarge is the Wolverine. It is on the
Kearsarge lode but there have been a number of exploratory eross-
cuts. See Chapter V. :
The Sp. Gr. of the water (at 48° F.) in the
8th level cross-cut was 1.000 by urinometer;
; 13th level cross-cut was 1.000 by urinometer;
| 17th level cross-cut was 1.017 by urinometer;
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The sample from the 17th level was tested by . B. Wilson with
the following results:

p o Groooo 1.022
CLo 15.2287 grams per liter
Na oo 2,731
Ca oo 6.300
Mg o 013
RO, 0724
Sum ..o 243451

Na @ Cl==10.181
Ca : Cl=10.413

This total agrees with Sp. Gr. which T found.

This agrees pretty closely with Fernekes tests at the 20th level
south, Wolverine No. 3.

At the 24th level (possibly some water working down through the
slopes) Sp. Gr. was 1.012 by urinometer, and in the 29th level
cross-cut 1.033.

The sharp change in the composition of the water in the Wolver-
ine at the 17th level as at the Franklin Junior is clear. (. Fer-
nekes made additional tests as follow:

Wolverine No. 3 shaft, 300 feet 8. on 20th level.

Ol 17.395
Ca o 7.321
Na 2.852
S o 27.568
Difference (Mg, SO, ete) ............... ... 252

Total solids determined........... ... .. 27.82

Sp. Gr. 1.021
Na : CI=10.165
Ca : Cl=042
Wolverine No. 3 shaft, 300 feet 8. on 22nd level, drip.

Ol 11.705
Ca o 5.071
Na o 1.784
SUM 18.560
Difference ......... ... ... . ... .. ... ... 800

Total solids determined................. 19.360

Sp. Gr. 1.015
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We compute:

Na @ Cl=10.153

Ca @ Cl==0433
This is apparently somewhat diluted of the same type as above.
Wolverine No. 3 shaft. 300 feet S, on the 24th level, dripping.

e 33.640
G e 15.600
N o e 4.088
By NGR
N0, 130
o ¢ 54.326
Difference ... e 174
Total solids determined................ 24.5

Sp. Gr. 1.039
We compute:
Na @ Cl= .122
Ca : Cl=10.463
The lowest water is nearly established. Note as compared with
the other levels the sudden rise in solids, alinost double, while the
sodium ratio drops.
This is about the same concentration as the 30th level Centennial,
No. 108 of the L. N, M. 1. paper.
Wolverine No. 3 shaft, 300 feet 8 on 26th level, dripping.

T P 55.765
L T 26.800
AN 5.912
Br o e e e 930
B ) vt e e e e 89.407
Difference . ... . i e 393
Total solids determined................ 89.8

Sp. Gr. 1071
We compute:

Na : C1=10.106

Ca : C1=0.48
This is the lower water.
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Wolverine No. 3 shaft. drip 300 feet R, on 2%th level.
Cl o 75.231
Ca oo 36.347
Na o 7.367
Bro 1.085
Sum Lo 120.030
Difference ............ . ... ... . .. ... . ... 270

Total solids determined............. ..., 120.3

Sp. G. 1.092
We compute:

Na : Gl 0.098

Ca : Cl=0.483
Wolverine No. 3 shaft, 300 feet 8. on 30th level dripping.

Cl oo 64.390
Ca ..o 31.271
Na 5.756
Br 940
Cu o p.n.d.
Bum ... 102.357
Difference .......... .. ... ... ... ... ... . . . 143
Total solids determined................ 102.5
Sp. Gr. 1.079

The last three are of mnearly the same kind of water varying
slightly in concentration. In this:
Na : C1==.0895
Ca : Cl=0485
The varying concentration may be partly due to evaporation and
partly to very recent circulation of fresh water incident to the
mining.
The Centennial 30th level water is about as strong as the Wol-
verine 24th level water and the Na : CI ratio is the same.
Centennial mine. At the 11th level “no shaft” was reported, i. e.,
not enough to make analysis on a small sample. Fernekes esti-
mates that a gallon would have been needed.
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At the 13th, 15th and 20th levels.

13 15 20
Cloo 1.711 3.549 5780
L 0.626 0.88() 1.880
Na oo (1.3R9 1.287 1.584
Sum . 2.726 5.716 9.244
Difference ............. 0.232 0.264 0.216
Total solids determined 2.93% 6.0 9.460

We compute respectively:

Na : Cl= o 0.228 0.357 0.275
Ca : Cl= 0.368 0.248 0.326

At the 25th level it is much stronger, and the Ca:
above 0.40. The lower water is well established.
Cl o

SUNL o e e .

Total solids determined ................
We compute:
Na : C1=0.156
Ca : Cl=0428
Centennial 30th level.
O

Total solids determined.................
Na : Cl=0.121
Ca : Cl=10.457

Cl ratio gets

27114
11.6
4.22

p-n.d.

42.934

266

43.200

34.263
15.700
4.140
p-u.d.

Note that the most rapid rise in saltness comes between the 20th
and 25th levels. Later tests of Centennial waters came through

E. 8. Grierson.
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Mark  Depth 1 Ca Location and remarks Ca:(1
le -1128 5353 2490 27th Jevel, 200 feet north of No. 2 465
2¢  -1191 59.202 26.52 28th level. 200 feet south of No. 2 448
3¢ -1252 A8 493 26,34 29th level. 100 feet north of No. 1 . 456
e -1328 68.064 29.46 30th level, 200 feet south of No. 1 43
5¢  -1409 7799 36.50 31st level, 300 feet north of No. 1 47
6c -1487 84.371 40.16 32d  level, 200 feet north of No, 1 475

The two shafts are close together but diverge going down. No.
2 is the farthest north. This sef. later than Fernekes. is much
stronger.  Is it a question of evaporaiion of the water before or
after it was taken as a sample, or is a stronger water actually com-
ing in from the wall rock? 1 think the latter is quite probable.
The earlier tests were not as strong as those at the Wolverine at
the same depth, but the last set are quite as strong.

South Kearsarge No. 2 shaft, 9th level. drippings collected by F.
W. Mc¢Nair and C. D. Hohl

Ol K42
G 111
N A 418
U o e e 1.371
Difference ... 61
Total solids determined................... 1.432

Thix is essentially a duplicate of the next. Cf. the 10th and 11th
levels Mohawk.
Na : (] 4495
Ca @ Ol 32
South Kearsarge No. 1 shaft, 9th level, dripping collected by
Fo W, MeNair and ¢ D, Hohl

L 102
L 0912
N et e 414
SO, 075
B0, o e 035
Fe, O, |

Al, Oy [ 7 i 030
D ¢ S 1.3472
Difference ............ .. ...... e e e 0028

Total solids determined. ... ............... 1.350
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This is a complete analysis intended to show the character of the
middle water in the upper levels, before the calcium chloride be-
comes conspicuous, though even here there ix chlorine, whieh may
be considered combined with caleinm. There is even here little or

no CO, and the Ca is not abnormal for any water.
Probably the iron and alumina may exist as chloride.

{Fe, 0, = .030) = (Fe == .021)
We have:
Na : (1 .38
Ca o ] 13

We may combine this as

Water glass Na,0 4 Si0, e O06T 400231034 == 0.044
Salt Na Cl — 408344630 C1 = 1.038
Fe Cl, — 021 —+.039 — 060
Ca 1, — 019 +.033 — 052
Ca RO, — 03124075 SO, — .106
Total Ca combined 03502
Ca combined with CO,? 041
1.3411

Note the tendency to alkalinity, both in the water glass and the
excess of lime. The sodium is more than could be obtained by dilu-
tion of a deeper water with a surface water.

From the Calumet shafts 19 and 20 on the Kearsarge we have no
tests. They were barren and did not go deep. Small samples
from No. 21 shaft, through E. 8. Grierson gave A. A. Koch

Number  Depth Cl Ca Ca:Cl
1K 556 AT, 177 018 .010 gth level, 20 feet south of fissure
2K 427 .213 .025 .012 100 feet below 10th level

3K 347 AT, 675 110 015 10 feet above 12th level as strong a

stream as drill hole No, 10

These show the middle water just coming in. This shaft is on
the whole richer than No. 19 or 20 (or the south part of the Cen-
tennial?). At about the 10th level a considerable flow of water
‘ame in under a seam and the lode was thought to be better.

The next property south is the I.a Salle. From the Tecumseh
No. 1 shaft we have the following tests of the Kearsarge lode.

41
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Mark Depth Cl Ca  CaxCl, Notes on location
1T At €00 feet, 035 004 71 feet south, ¢th level
27T At 1010 feet. 052 tr 300 feet south, 10th level
3T At 1120 feet. 071 014 40 feet south, 11th level
47T At 1230 feet, 142 004 174 feet south, 12th level
51 At 1340 feet, 77 012 69 feet south, 13th level
6T At 1450 feet. (248 185 in the shaft itself.

These waters with their very great softness are largely ihe upper
water.—like the South Kearsarge but containing less salt. They
show in their rapidly increasing chlorine a steady admixture of
lower water. On the whole, however, the La Salle has not been
rich and the shafts farther south, the so-called Caldwell shafts,
have shown even less stamp rock. On the Franklin Junior the
Kearsarge was cut in a cross-cat at the 4th level, but very close to
the surface and the water was of course, fresh. -

The next lower horizon from which we have many tests is that of
the Isle Royale-Arcadian lode. An analysis of surface water from
the Arcadian shaft is given in the annual report for 1903, page
243,

Isle Royale Consolidated Mine.  Aveadian, i. e.  Isle Royale
amygdaloid epidote, and possibly (irand Portage lodes. This is
close to Portage Lake just back of Houghton, and is 400 feet or 500
feet above it, i. e. above Lake Superior. It is the old Huron mine
re-opened.  This went down about 16 levels or 1000 feet.

On the Grand Portage lode shalts to 500 feet were sunk. This
opened on wmany levels by cross-cuts, but is about 200 feet (above)
west of the Tsle Royale lode on which the shaft is sunk.! This is
worth mentioning since dripping from the levels might well have
been atfected by surface water standing in the levels a1 good while.

300 feet N. of No. 2 shaft 15th level, dripping. (Cross-cut to
Portage lode at 14th level?)

Cl oo 9.204 grams per liter
Ca o, 4.321
Na oo 994
SBUmM .o 14.519
Difference . ......... ... ... ... .. .. B31
Total solids determined.......... 15.1

. Sp. Gr. 1.007 low!
We compute. .

Na @ Cl=10.0925 Ca : Cl
This is a dilute deep water.
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18¢l; level, dripping. 300 feet N. of No. 2 shaft.

34.920
L) O ;? =
ol o :(‘,:\
I )]v:(('
SO, . ¢(.1 ]
Tl e s p.n.d.
- 54.908
UL o e e e et e et e e s £ 3()-)
Pifference ... i e 792

Total solids defermined....... ... ..... 535.70

We conpute:
Na : Cl  .089 Ca : Cl
This is a typical dilute deep water.

19th level, N. of No. 2 shaft, from a pool from dripping.

.............. 45.178
o 99,201
‘; ................... 0.320
5 31 A
O, 234
(0 IO p-n.d.*
SUIIL v v et et et e e e e e e e T1.770
Difference ... 330

Total solids determined. ... ............. 2.1

Sp. Gr. 1.057
We compute:

Na :Cl 085 Ca : Cl

Dripping 50 feet 8. of No. 2 shaft on 20th level. v
7 5 T DU 7.626
(:‘L ................................. 3.249
";'(‘\ .................................... 1.204
CUu oo e p-n.d.
1 R0 10 A PP 12.079
Difference ..... ... . 241
Total solids determined .................. 12.32

Sp. Gr. 1.009

823

iEstimated 2 to 8 me per liter.
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Here is Tower down a distinetly weaker water with
Na : Cl 138 Ca : Cl
The contrast Detween this and that above at the 5th level is
worth noting.  Though they have about the same strength the
deeper water is in one cage diluted with fresh water that has found
its way rapidly and directly down, while in the other case there
Is much sodiun. presumably derived by decomposition of the rock.
The Z21st level was the bottom of the old Huron mine on the
same lode (2500 feet deep) shafts 6 and 8, of the Report of Com-
missioner of Mineral Statistics for 1888,

WINONA AND KING PIILIP MINES,

These waters were tested by Dr. M. L. Holm in connection with
the Challenge waters. They arve distinctly salt at the 5th and 8th
levels respectively. They are newly opened compared with the Mass
and Adventure. On the whole the water appears to be weaker to the
north which is the poorer end. Winona shaft No. 2 farther north
was of little value for 200 to 1000 feet though there was some
copper rock in the G6th level south and Shaft No. 3 was poor on the
3rd and 4th levels, but improved from the 7th to 12th levels. All
the drifts north to No. 4 shaft are said to be in poorer ground. In
that direction we seem to find the upper type of water exclusively
while only one, that is that from King Philip shaft No. 1 at the
8th level is the lowest type. This is said to be particularly good
in copper from the 6th to the 9th levels, This is brought out by
arranging the analyses thus:

Winona No. 3 shaft, levels north 3 4 6
Number of analysis ........ 429 422 424
Clhlorine ............. .. e tr tr 100

Ratio Ca : €1 more than 1, i. e., surface waters in a region of
hard water. Limestone Mountain is not so far off, but here the
glacial movement was from the northwest over the traps which are

limey.

No. 3 shatt levels south. . 5 7 8 9 10
Number of analysis. 423 425 426 427 428
Chlorine .......... 2.050 225 125 250 300
Ratio Ca : Cl...... 13 427 .39 42 40

No 423 is evidently abnormal, urine contaminated?

King Philip No. 1 shaft levels. . 5 6 7 8

Chlorine ................ 406 900 2.85 15.25

Ca : Clyo..oooooiil L. 0.29 0.29 0.3 0.45
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The Mass and Adventure mines of Ontonagon county are at about
the horizon of the Winona lode.

Prof A. P. Frapwell, then assistant in chemistry at Ann Arbor,
1906-7, was with us in the summer, and I had him make the follow-
ing Te:%ts with the U. 8. G. 8. field assay outfit. The Ca runs from
19 to 60, though the results are not very reliable. The same com-
ment applies to 8O, determinations, as the electric cells were old.
Still that would tend to give 80, too high, and we may be sure
that 80, is at least as low as the low figures shown.

The water of the Mass mine, C shaft, for the first thousand feet
was fresh and down to and including the 8th level gave him the re-
sult below, and water from a seam on the 17th level gave (analvses
50 and 46 of the L. 8. M. 1. report) :

Sth 17th

Ol 050 22476
Ca (hardnmess as)................ 082 0447
Alkalinity as Ca CO,............. 263 0157
Alkalinity as Na, CO,............ 000 021
SO, o 110 135
Sp. Gr. oo R 1.041

They are said to have lost their copper when they struck salt
water. In the A shaft a seam in the 10th level gave water with

only

Sl e 006
SO, 038
Ca (hardness) ........ .. .. ... .. ... .. .. ..... .{/)’16
Alkalinity as Ca CO,. ... oo L. 225
Alkalinity as Na, CO;. ..ol 000

This is distinctly an upper water, but it must be remembered that
the mines are old and circulation started by mining operations
may have a great effect. He also made tests of the Adventure mine
of water down to the 6th level in No. 1 shaft (54), the Sth level
in No. 4 shaft (51), the 12th level in No. 8 shaft (56) also of the
Michigan mine B shaft, of the water down to the 10th level .(5'0).
They are all very fresh and 1run between 30 and 6 parts per million
of chlorine. He also made a number of tests of surface waters,
tabulated in the I. S. M. I. paper.

Victoria mine, Rockland district. A sample was taken by Dr.
L. L. Hubbard from the 19th level cross-cut, about 600 feet from the
shaft near the top of the “Forest” conglomerate. It is from prac-
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tically the same location as No. 20 taken only three vears before. 15. The 12th Jevel east had a very slow drip
It gave about 800 feet from the end near a
L 3.159 plug. This continues as a bar of damp
Total solids ... . 6.463 ground, with slow drip nearly to the
SP G oo 1.004 shaft. C1 0.019
Additional samples were collected late in 1908 by Mr. Schultz Ca 0.010 to 0.021
and myself and tested with the following results. See Figure 60 Hardness 0.030
in Chapter VIII. Then {o the shaftt and the first few hun-
Mr. Schultz suggests that there may be more calcite in the upper dred feet west it was very dry.
levels, more epidote in the lower, just as in the Baltic mine, epidote 16. Sample from 12th level west and beyond
comes only in depth. At any rate the Forest conglomerate in the fault; water hole; very slow drip 1 0.051
19th level is full of epidote. If the carbonate radical does replace Ca 0.075
the chlorine of Ca Cl, in the upper levels, it would leave chlorine 17. From end of 14th level, a water hole in
ions to travel and attack the rock. damp, much broken ground. Cl 0.102
1. 4th level cross-cut north from seam af Ca 0.013 to .028
about 45° dip and strike a little more Hardness 0.035
north. Cl 0.013 The 15th and 16th levels were dry.
2. TFive paces from breast Cl 0.015 Ca 0.030 H 18. Under a seam with flatter dip than bed-
3. Idast end of 4th level in shattered lode Cl 0.025 ding, slow drops about 50 feet from
4. From percussion drill hole a little north east end of level: Cl 0110
of shaft, 12 paces east of Plug 132 1 0.028 Ca 0.172
6. Tloor of west end 4th level CI 0.003 19. TFrom a slow drip not at the clay seam
8. 5th level west near Plug 156 Ca 0.033 but farther on in a cross-cut north. Cl 0128
9. 5th level west, quite a fair flow which Ca21.45 or 50
blackens the rock, from a crossseam 20. From 19th level ecross-cut just under
dipping to southwest, five paces east of heavy trap, at 46078, Cl 2920 or 2.140
Plug 158. Ca 0.830
10. 6th level east, 10 paces west of Plug Hardness .810
161, slow drip into bottom of level. 1 less than 0.017 21. On a seam at 1260 which dips with the
11. 6th level west, near a seam 5 paces west formation Cl 3.550
of Plug 176 where there is a drift to Ca 3.00
north. Cl less than 0.066 22, At 510 north of the lode CI 0.660
12. West end of 6th level, in this level it was Ca 0.060
mainly dry. Cl less than 0.188 23. At a stub dvift Cl 500
In the 7th and 8th levels it was drv to Ca .100
the east. ’ 25. In the 22nd west C110.640
13. Iast 10 paces of Plug 24 steady stream Ol less than 0.007 Sp: Gr. 1.012
14. A slow drip from a west dipping seam 6 Ca .960
paces east of Plug 31 Cl less than 0.014 26. In the 22nd east Cl 7.400
. Location is supplied from an underground Ca 1.440
reservoir in the 4th level Cl 0.102 In its freshness down to the 12th level to which point was a
The 10th level was dry. lively circulation, in the dry zone then succeeding (the 15th and
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161’1.1 levels, for instance) from which the sali water may have
drained off. and in the distinetly salt water af the 19th T'o ‘)';nd
levels this mine is typical.  The lode is not an aun\‘«;‘draloid l)~u~f a
shattered zone in the foot of a trap. On the W]l()](; 7’]10 ('opperyi;
supposed to be best from the 11th to 14th levels, then/ce makinf;
west. To the east there is a cross-faulr, the easf Sidé ‘r/]n‘own '";
feet south. , ’
TESTS OF THE BALTIC LODE.

This is the lowest of the lodes worked. It lies between a con-
g}(,)l]l(él*;lT'(f (the Baltic conglomerate) as it is generally called (\;0
3) and a heavy ophite, known as the Mabb ophite, \;'hose mo&lesj
are up to T mm. across. The distance above the conglomerate varies
but is about (150) feet more or less, and it is (170 to 200) feet be,
low the ophite. It is no one well-defined :uﬁvgdaloid topl 1:0 a
flow but ‘;11/]10* an impregnated shear zone or "stockwerk copper
being found over a belt more than 40 feet wide. }

The Baltic lode is the lowest horizon much worked.

- In fests at the Isle Royale section 12 shaft I found only fresh
water. Only a few nuggets of copper were found, lookinfruahnost
like boulders,—residues of solution and redepositi;m perh?xps. The
rocks were full of reddened clay slips and wet. See Fig. 45 and
description in Chapter V. )

The set of samples of waters gave the following (by field tests)
results, which by checks on Yale No. 2 and T. 3 are S(;]'ll(%Whi\t low.

No. Location Cl Ca
1. About 117 feet in, in west cross-cut drip.. .007 012
2. About 800 feet in, in slow drip.......... 005 001
3. About 360 feet in, in fast drip.......... 005 000
4. About 450 feet in, in fast drip, 15 feet from
end ... 005 .000
5. 30 feet from end of east cross-cut, very slow .
drip ... oo o 298 019 to
041
6. Conglomerate in the east cross-cut..... . . . [ '039 SGS
7. 20 feet above it............... ... ... ... . \(())ig J (?(?132-6
8. Diamond drill hole, free flow............. . 142 012-25
9. Diamond drill hole 3, free flow............ 028 .001-6
10. Diamond drill hole 1, free flow........... . 277 .022-47

These are all characteristic soft upper waters, none as strong as
. at the Superior. The calcium is only so much as might consist with
sodium silicate.
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At the Superior shafts next south No. 1 shaft was reported nota-
blv salty at the 2nd level and has shown better copper ground. of
the same class as at the Champion Copper mine. This, as shown in
the map (P X)) is about 1200 feet south of the north line of Sec-
tion 13, Samples gave
Mark ) Ca - Ca:] Location

I 674 014 048 Sth level 500 feet south of No. 1

[ 3.510
4 5th level 660 feet north of No. 1

25 3.297 55
38 2482 462 13 6th level 230 feet south of No 1
Os D18 1.430 “th level 110 feet north of No. 1
(1.129
6s 4 1.753
[ 1.114

This is plainly salter to the north, and to the south in No. 2 and
the Atlantic the workings are both very fresh and poor.t

No. 2 is about 2540 feet southwest of No. 1 and showed no good
ground, unftil the 600-foot level, and then in the north drift. It is
nearer the disturbed zone of Atlantic section 16.

The Atlantic mine on Section 16 was in a much faulted and dis-
integrated zone, full of clay slips in which the surface water seemed
to have penetrated far.

The DBaltic¢ comes next up the slope.

The Baltic water appears to be fresher than the Trimountain.
The drift covering was much thinner, the bed rock surface higher
and the lode on the whole richer.

At the 4th level was a “red” water, probably swamp colored.
The 6th level cross-cut (now Atlantic af the north end) was very
fresh. There is a fissure dipping south from Shaft 4 at the 4th
level to Shaft 3 at the 14th level and when the fissures were struck
surface wells of the town went dry. The character of the ground
and the amount of copper according to Capt. M. Tretheway,
changes in crossing the fissures. On the whole a greenish tone of
rock rather than a brown amygdaloid is thought better, quite dif-
ferent from the feeling at the Mohawk, but I think it is a chlorite
green rather than an epidote green.

2But see analysis in appendix.
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Baltirc mine. 15th level. Dr. Fernekes reporis:
Clo 27.264

(,:;x ................................ 13.682
i\;_l e . 1.929
: T 0.3112
SUIM oo 43.187
I)lrfference ........................ K13 (CO, or RO,
Total solids .................... 44.000 :

Na : Cl 073
l%le ore contains considerable sulphur and arsenic
We may compute:

Ca(l, 38. Cl— :
NaCl, 3.79, Cle= .0 oo —§'346
NaBr .402, ]31< _.‘312

Na,C0,..2.3
44.492
. Tl"lmo‘unmin. On a visit to the Trimountain mine of the Copper
‘)anuie COE]]])ZIH)’, Sepf. 4, 1906, I took a sample of salt water from
=00 ?(t N. of shaft No. 3 8. 9th level in a lean streak of rock that
comes under a cross-seam which dips about 45° to the south. Salt
MRS Y . o v, 3 4 - ' . o
W (n.g Is reported even as high as the 6th level North of No. 3 fron
a drill Lole in the hanging wall. o '
: The Sp. Gr. as estimated in the mine was 1.078 at the mine
1emperatnre, probably about 51° T, , l
Dr. Fernekes found, Sept. 8, 1906.
Sp. Gr. 5
] 1.053 (=65.8 CaCl,)
.................... 74.44  parts per thousand

SI ................ 46.02

b Lo e, 3.36

‘,a ............................ 24.58

SO, oo 484

Fe, Mg, GOy tr

Sam ..o ;1 444
We may compute: .

NaCl oo, 5
Cacn, L 590
CaSO, ... 82§
Excess of Ca combined with CO,in part' .. .. ..... 1 28
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Na : Cl 076
Ca : Cl 935
These values are so abnormal that one is tempted to suspect an
analytieal error.
A larger less strong sample taken for and tested by Dr. Fernekes
was perhaps of the water of the drift as a whole as follows:
Trimountain 9th level

e

1) P 19.874 per thousand
Gl ettt 9.000
(to satisfy acids) Na............ooiieaetnn 2.653
1 5 G PRI 243
31.770
DA, s 230
Total . ooereie e 32.000

Na : O1==0.133
Ca : Cl==0.453

On the whole the Trimountajn has been much poorer in copper
than its neighbors north and south. The south end of the Tri-
mountain, a compact light gray quartz epidote rock, was poor and
the north end of the Champion, Shaft B, is not so good as the
south end where E shows excellent ground.

Tn the upper levels of the Champion, at least as I vigited it in
1901 and 1909, the copper was in lumps, sometimes richly, but not
associated with prehnite, and while the rock was amygdaloid it was
not markedly so, being more an amygdaloid trap at the foot of a
marked amygdaloid. Some fine specimens of iceland spar came
from the 6th level east, and selenite crystals three inches wide and
ten inches long occurred in the 18th level east, being the last formed,
the order of growth being chlorite, epidote, calcite in half inch
dog-tooth spar crystals, then gypsum.

Whitneyite (Cu, As,) occurs on the 3rd level. ~Chalcocite (Cu,8)
occurs in seams parallel to, not across, the strike, but both sul-
phides are supposed to be superficial. On & visit in 1909 (Aug. 4)
I collected samples from the 13th level. It was reported that the
water at the 7th level T shaft was quite drinkable. :

A sample representing the water pumped and collected between
the 6th to 12th levels gave A. A. Koch:
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