
kimlove
regular black



REPORT 
Oi' 

T. STERRY HUNT, LL.D., F.R.S., 

CHEMIST AND MINERALOGIST, 

ADDRESSED TO 

SIR WILLIAM E. LOGAN, F.R.S., F.G.S., 

DIRECTOR OF THE GEOLOGICAL SURVEY OF CANADA. 

MONTREAL, November 1, 1869. 

Sm,-The subjects embraced in the R eport which I have now the honor 
to submit to you, have already been mentioned in your summary Report 
to the Government, dated May 1, 1869, and are still farther indicated in 
the table of contents prefixed to the present volume. They include : 

I. Investigations into the geology and chemistry of the salt deposit of 
the Goderich region, and a discussion of the best modes of manufac­
turing salt, considered with reference to our own resources. 

II. Studies upon the iron ores of the Dominion and the best modes of 
working them. These investigations it is proposed to continue in a 
subsequent Report. 

III. Mineralogical notes on the occurence of gold, silver and bismuth ores 
in Hastings county, with analyses. 

I. THE GODERICH SALT REGION. 

In the Report which I had the honor to submit to you in 18ti6, there 
will be found, on pages 263-272, an account of the salt deposit then 
recently discovered by boring, at a depth of 1,000 feet from the surface, 
near the town of Goderich, in Ontario. As regards its geological position, 
it was there shewn from the results of the boring that the Onondaga for­
mation attains in that region a thickness of about 1,000 feet, of which the 
lower 200 feet consist of reddish and bluish shales, including beds of gyp­
sum, and near the base a layer of rock salt, which in the Goderich well 
was said to have a thickness of abou~ forty feet, including some layers of 
blue clay. From this depth there was obtained, by pumping, a saturated 
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brine, my analysis of which was given. Attention was in this Report 
called both to the strength and the remarkable purity of the brine, and 
comparative results were given to show its great superiority over the brines 
of Saginaw in Michigan, and of Syracuse in New York. A table show­
ing the strengths of brines of diiferent specific gravities, and the number of 
gallons required for a bushel of salt, was also given in this connection. It 
is deemed advisable, however, to give in the present Report a more extended 
table of the same kind, which is reprinted from Professor Alex. Winchell's. 
Report on the Geology of Michigan, published in 1861. 

Since the publication of that Report, the well then described, which 
belongs to the Goderich Company, has been constantly pumped, and large 
quantities of salt have been manufactured from the brine. Encouraged by 
the success of this well, several other borings have been sunk in the imme­
diate vicinity, and are yielding brines like the first one. The record of 
all these wells is essentially the same as that of the first . The presence of 
a stratum of rock-salt has been established by the grains of salt brought up 
by the sand-pump from the borings. In the course of 1867 Mr. Ransford 

Clinton. sunk a well at Clinton, thirteen miles to the south-east of Goderich, on the 
line of the Buffalo and Lake Huron railway, and was rewarded by the 
discovery of the salt-bearing stratum, offering, it is said, a thickness of 
sixteen feet of rock-salt. The depth of this well is 1180 feet, and the 
greater thickness of rock overlying the salt at Clinton is due to the south­
eastward dip of the strata ; from which it results that the summit of the 
Onondaga formation, which appears at the surface at Goderich, is at 
Clinton covered by about 200 feet of the Corniferous limestone. This 
overlying formation occupies, to the north of Goderich, a broad triangular 
area extending north-eastward nearly forty miles, and bounded to the north­
east and north-west by the out-crop of the underlying Onondaga formation. 

Kincardine, Upon this latter, at Kincardine, thirty miles north-east of Goderich, 
another well was sunk last year,and showed the existence of the salt-bearing 
stratum at a depth of about 900 feet. The record of the boring furnished 
me was as follows :-

Sand and gravel . •.. . . • ... . •...•.... .......... . ....•.... ... .. .... .• 
Limestone and h11rd strata ..•... . • . •• ... ...•. ... ..• •• .. .... . ...• •• .. 
Red shale •.. . . . .. .. .....• . ..•..... . .. .. •........... .. .. ... .• .. ... . 
Blue shale with a red band ... . . . . • ... . .. .•. . ...•.. .•• .•..•••.... . . . . 
Limestone ... .. .... . ..... .. . . ....... . . . . ..... .. .... ... .. ...... . . . . . 
Blue and red shale, partly very soft .•.... . . .• .. .... .. . ... . .. .... .••. . 
Rock salt .. . . . .. ... . . .. .. . . ... . . . . .. ..... .. .. . . . . ...... ... .... . . . . 

Ft. In . 
91 6 

508 6 
23 0 

11 '7 0 
30 0 

125 4 
13 8 

909 O· 
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By comparing the above result with that obtained in the first well at 
Goderich, it will be seen that while the amount of shaly strata from the base 
of the limestone to the bottom of the salt was only 205 feet at Goderich, it 
attains at Kincardine a thickness of 309 feet ; in which, however, are 
included thirty feet of a rock described as limestone, but which may 
perhaps be gypsum, masses of which were encountered in the shales in 
boring at Goderich. Of the 775 feet of limestone belonging to the forma­
tion at Goderich only 5081 remain at Kincardine, the upper portion being 
removed by erosion. It is not, however, certain that the original thickness 
of the Onondaga, or Salina formation as it is sometimes called, was precisely 
the same here as at Goderich, and thus the amount which has. been 
removed by erosion may be somewhat greater or less than would at :first­
appear. In like mann<lr, the thickness of the same formation at Clinton 
may differ somewhat from that at Goderich, so that the overlying portion 
of Oorniferous limestone at that place may be greater or less than 200 
feet, according as the volume of the Salina formation is less or greater 
than at Goderich. Careful examinations of future borings would en~ble us 
to determine these important points, and for this end samples of the material 
extracted at intervals of :fifteen or twenty feet, should be carefully preserved. 

The base of the Onondaga formation comes to the surface at the mouth 
of the Saugeen river. Here, at Southampton, an ill-advised attempt was Southampton. 

last year made in search of salt by boring. According to the record 
furnished me, the solid rock was only reached at a depth of 230 feet,* after 
which 350 feet of white and gray limestone had been penetrated up to 
August 22, 1868. The subsequent record is incomplete, but beneath the 
limestones were encountered several hundred feet of red shales, and the 
boring was :finally abandoned at a depth of 1,251 feet from the surface. 
Another well also was sunk last year at Port Elgin, five miles below South- Port Elgin. 

ampton, on the coast, and the boring in November last, had attained a 
depth of 890 feet, and was still going on in the red shales. In this connec-
tion may be noticed a well which was sunk in 1867, at the village of 
Waterloo, about eighty miles to the south-east of Port Elgin, but in the Waterloo. 

same geological position, that is to say near the base of the Onondaga 

• The account of this portion of the boring is as follows :-
Gravel and sand, with trunks of trees at the base .•• • . ••• . . •.. . ...• • 
Hard-pan and boulders . .. .. . . .... . ....•. . ... .• . •. •• .... . •. •.... . 
Blue clay .. . . ..... .•.•• . .•. . . .... . . ..•. .. . ... . .• •• • . .... .. .. ... 
Coarse sand and gravel. . . .... .. . •• ... .... . ..... . ..... . .. .. .... . . 
Hard-pan and boulders . •. • .... .. . .. •.. · .. . . . . • • ..•...• . .. . .... • . 
Soft marly beds ...•.. .. .. . ...•• .. •• .. .. .. ... . • ... .... .. ...••.. . • 
Blue clay with boulders .. . .. ... . . . .. ..... .. . .. .. ......••.. . •.... 
Hard-pan and boulders, with gravel . . ... .. . ..... . , .. ... ..... .. .. . • 

23! Feet. 
36 

5 
16 

4! 
50 

61 
28 

230 
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formation, and was abandoned at the depth of 1,120 feet . The record of 
the boring was as follows :-

Superficial clays and gravels• ....••...........................•• 
Limestone .............................................•• 40 ( 
Gypsum ............••.........................••.....•. 17 ) 
Shale ......••..•....................................... 20 
Limestone, gray and white .. ... .. ...... ......... ..••. . . . ........ . 
Blue shale .•...•.•.......•............•..................... ·• 
Red shale ...•.........••••.....•.............•.•.............• 

130 Feet. 

H 

340 
114 
459 

1120 

At this depth the well was abandoned ; bitter saline waters were met with 
at depths of 800 and 900 feet, and were probably similar to the bitter 
water found at St. Catherines at the same geological horizon. In the 
Report for 1866, on pages 271, 272, the waters of this class are noticed, 
and their unfitness for the manufacture of salt pointed out. The 77 feet 
oflimestone, gypsum and shale in the Waterloo section belong to the base 
of the Onondaga, or salt-bearing series, beneath which no valuable brines 
have yet been found . The 340 feet of limestone underlying the shale, 
represent the Guelph, Niagara and Clinton formations, and the red and blue 
shales beneath these belong to the Medina formation. By referring to the 
account of a boring at Barton, near Hamilton, it will be seen that these 
shales have there a total thickness of about 600 feet. (Report for 1866, 
page 251). 

It will be noticed that the Onondaga formation, as shewn in the borings 
of Goderich and its vicinity, consists of several hundred feet of limestone, 
chiefly magnesian, underlaid by two or three hundred feet of red and blue 
shales, which carry rock-salt at their base. These are succeeded, in 
descending order, by the magnesian limestones of the Guelph, Niagara and 
Clinton formations, which rest upon the red shales of the Medina, as seen 
in the Southampton and Waterloo borings. We have the following succes­
sion in going downwards : 

1. Limestones of the Onondaga or Salina formation. 
2. Red and blue shales of the same . 
3. Limestones of the Guelph and Niagara formations. 
4. Red and blue shales of the Medina formation. 

On account of the resemblances in color between the upper and lower 
couples of the above series mistakes may easily occur, as at Southampton, 
where the strata of 3 and 4 were supposed to be those of 1 and 2. Such 
errors, which have caused the expenditure of considerable sums of money at 
Southampton, Port Elgin and Waterloo, would be avoided by a careful 

• .For a notice of the superficial deposits of this region, see the Geology of Canada, page 
897. 
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study of the distribution of the various geological formations of this region, 
as described in the Geology of Canada. The accuracy with which the 
limits of the various formations throughout this region were traced out by 
Mr. Alex. Murray, has received repeated confirmation in the course of the 
various explorations for oil and salt which have been made within the past 
few years. 

As regards the possible extent of the salt-bearing area now under con- Ext~nt of salt 

sideration, I take the liberty of quoting the following passage from my basin. 

Report for 1866, page ~71 :-
" With regard to the probabilities of obtaining salt wells by other 

borings in this region, it is to be remarked that the thickness of the depo­
sit of salt traversed in the Goderich well may warrant us in expecting that 
its area may be considerable ; though whether its greatest extent will be 
inland, or beneath the waters of the lake, can only be known by experi­
ment. It has already been explained that salt deposits have been formed 
in basins whose limits were determined by the geographical surface at the 
time ; and it is worthy of remark that both here and in New York the salt 
deposits are connected with a thickening of the Onondaga formation, 
which, in its thinner intermediate portion, is apparently almost destitute 
of salt; a fact suggesting former geographical depressions, in which the two 
salt-bearing portions of the formation may have been deposited. Although 
it would be unsafe to predict that this development of salt at the base of 
the Onondaga formation is so widely extended, its thickness at Tilsonburg, 
St. Mary's, London, and Enniskillen, is such that it seems probable that 
farther borings in these localities, where deep wells have already been 
sunk, may reach saliferous strata capable of yielding valuable brines." 

In confirmation of the first portion of the above extract, we can now point 
to the existence of salt at Clinton, thirteen miles to the S. E ., and at Kin­
cardine, thirty miles N. N. E. of Goderich. These two stations are forty 
miles apart, and a line connecting them would pass about seven miles to 
the cast of Goderich. It is, therefore, extremely probable that the whole 
region between Clinton and Kincardine will be found underlaid by salt, 
and may belong to a single basin, whose extent yet remains to be 
ascertained. 

The success of the borings at Goderich and in its vicinity has, as we 
have seen, led to the sinking of wells for brine, below the salt-bearing 
horizon. At the same time, other trials have been made in the hope of 
reaching it, by boring through rocks overlying those of the God6rich region. 
For the information of inquirers, it may therefore be well to recall briefly 
some of the facts with regard to the nature and thickness of these rocks, 
of which the details are given in my Report for 1866. It will there be 
seen that the most recent rocky strata in south-western Ontario are the 
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J'.ortage forma- greenish sandstones of the Portage formation. These pass downwardS"· tion. . 
mto hard black slates (the so-called Genessee slates) which, in their turn,. 
rest upon the soft gray strata of the Hamilton formation. This group of 
sandstone and hard shale, which appears at the surface at Kettle Point in 
Bosanquet, and also in Warwick, is generally concealed by the clays of the 
region ; but from the records of numerous borings, chiefly made in search 
of petroleum, we have been enabled to determine its thickness in many 
places. Thus, in a boring at Corunna, on the St. Clair river, near Samia, 
it measures 213 feet; in two borings in Camden, 146 and 200 ; in 
Sombra, 100; in Alvinstone, eighty feet; in Warwick, and near Wyoming 
station, about fifty ; a little north of Bothll'ell, about eighty ; and further 
south, towards the shore of Lake Erie, about sixty feet in thickness. It 
will be understood that this varying thickness is due to the erosion 
along the anticlinals, before the deposition of the clays, so that in many 
parts of the region only the lower portions of the black slates remain, while 
in other places they are entirely wanting. 

The hard strata just described are conformably underlaid by those of 
::fl'~~~n/or- the Hamilton formation, which in some parts of New York attains a thick­

ness of 1,000 feet, but is reduced to 200 feet in the western part of the 
State. It consists, in Ontario, chiefly of soft gray marls, called soapstone· 
by the well-borers, but includes at its base a few feet of black beds, 
probably representing the Marcellus shale. It contains, moreover, in some 
parts, beds of from two to five feet of solid gray limestone, holding silicified 
fossils, and in one instance impregnated with petroleum; characters which, 
but for the nature of the organic remains, and for the associated marls, 
would lead to the conclusion that the underlying Corniferous limestone had 
been reached. The thickness of the Hamilton formation varies in different 
parts of the region under consideration. From the record of numerous 
wells in the south-western portion it appears that the entire thickness of 
soft strata between the Corniferous limestone below and the black shale 
above, varies from 275 to 230 feet, while along the shore of Lake Erie, it 
is not more than 200 feet. Further north, in Bosanquet, beneath the black 
shale, 350 feet of gray shale were traversed in boring, without reaching 
the hard rock beneath; while in the adjacent township of Warwick, in a 
similar boring, the underlying limestone was reached 396 feet from the 
base of the black shales. It thus appears that the Hamilton shale (including 
the insignificant representative of the Marcellus shale at its base) augments 
in volume from 200 feet on Lake Erie to about 400 feet near to Lake 
Huron. 

Corniferous 
:formation. 

The Hamilton formation, as just defined, rests directly upon the solid 
non-magnesian limestones of the Corniferous formation. The thickness of 
this formation in western New York is about ninety feet, and in south-

• 
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eastern Michigan is said to be not more than sixty, although it increases 
in going northward, and attains 275 feet at l\'Iackinac. In the townships 
of Woodhouse and Townsend its thickness has been found to be 160 feet; 
but for a great portion of the region in Ontario underlaid by this formation, 
it is so much concealed that it is not easy to determine its thickness. If 
we may conclude from the boring at Clinton, it would seem to be in that 
locality not far from 200 feet. In the numerous borings which have been 
sunk through this limestone, there is met with nothing distinctive to mark 
the separation between it and the limestone beds which form the upper 
part of the Onondaga or Salina formation, and consist of dolomite, alter­
nating with beds of a pure limestone like that of the Corniferous formation. 
The saliferous and gypsiferous soft magnesian marls, which form the lower 
part of the Onondaga formation are, however, at once recognized by the 
borers, and lead to important conclusions regarding this formation in 
Ontario. 

At Tilsonburg, a boring showed the existence of the Corniferous lime- Tilsonburg. 

stone directly beneath about forty feet of clay, while in another boring, 
about two miles to the south-west, it was overlaid by a few feet of soft 
shales, probably forming the basis of the Hamilton formation. The first 
boring at Tilsonburgh, as mentioned in the report for 1866, was carried 
to a depth of 854 feet in the solid rock. Numerous specimens of the 
borings from the first Hl6 fet~t, were of pure non-magnesian limestones, but 
below that depth similar limestone alternated with dolomite. The marls 
which occur at the base of the Onondaga formation were not met with in 
this boring, though the water from 854 feet was said to be strongly saline. 
I was informed by the proprietors, Messrs. Hebbard & Avery, that the well 
furnished, by pumping, a brine marking from 35 ° to 50° of the salometer, 
but I was not able to get any of the water, and the well was soon after 
abandoned, although the presence of so strong a brine would seem to show 
the proximity of a saliferous stratum. 

In a boring at London, where the presence of the base of the Hamilton London. 

was marked by about twenty feet of gray shales, including a band of black 
pyroschist, overlying the Corniferous, 600 feet of hard rock were passed 
through before reaching soft magnesian marls, which were penetrated to 
the depth of seventy-five feet. Specimens of the borings from this well, 
.and from another near by, carried 300 feet from the top of the Corniferous, 
show that pure limestones are interstratified with the dolomites to a depth 
of 400 feet. At Tilsonburg a pure limestone was met with at 524 feet 
from the top. 

At St. Mary's, 700 feet, and at Oil Springs in Enniskillen, 595 feet of st. Mary's. 

limestone and dolomite were penetrated, without encountering shales ; Enniskillen. 

while in another well, near the last, soft shaly strata were met with at 
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about 600 feet from the top of the Corniferous limestone, there overlaid:. 
by the Hamilton shales. It thus appears that the united thickness of the 
Corniferous formation and the solid limestones and dolomites which com­
pose the upper part of the Onondaga formation, is about 600 feet in 
London and Enniskillen, and farther eastward, in Tilsonburg and St. 
Mary's, considerably greater; exceeding by an unknown amount, in these 
localities, 854 and 700 feet. 

As the few observations which we as yet possess of the thickness of 
the Corniferous limestone in this region, do not warrant us in assigning to it 
a thickness of over 200 feet, it is evident that at London and in Enniskillen 
the hard strata which form the upper portion of the Onondaga formation, 
and have at Goderich a thickness of not less than 775 feet, are greatly 
reduced in thickness, since the volume of the two united is only 600 feet. 
To the south-eastward, however, the augmented thickness of the Onondaga 
would appear, from the results of the borings at St. Mary's and Tilson­
burg, to be· maintained. The thickness of this formation is, however, known 
to be very variable ; while at the Niagara river it is reduced to 300 feet, 
and is apparently destitute of salt, it augments to the eastward, in central 
New York, where it again attains a volume of from 700 to 1000 feet, 
being equal to that observed at Goderich, and becomes once more salt­
bearing. The increased thickness of the formation, in these two regions, 
connected with accumulations of salt at its base, would <-eem to point to 
ancient basins or geographical depressions in the surface of the under­
lying formation, in which were deposited these thicker portions. 

Most of the details here given with regard to the thickness and character 
of the rocks of this region are condensed from the ob8ervations collected 
in my Report for 1866, pp. 241-250. They are embodied in a paper by 
me entitled Notes on the Geology of South-western Ontario, and published 
in the American Journal of Science for November, 1868; parts of which 
have been reprinted, with some few changes, in the last three pages. 

It is a curious fact that the numerous and productive salt wells of 
Syracuse, New York, although occurring upon the outcrop of the Onon­
daga formation, do not penetrate into it, but are sunk in a deposit of 
stratified sand and gravel, which fills up a valley of erosion on the shores 
of Onondaga Lake. The limits of this valley are nearly four miles from 
north to south, by two miles from east to west. The shales belonging to 
the base of the formatio~ crop out to the northward, and are found in the 
various borings beneath the ancient gravel deposit, which is itself covered 
by thirty or forty feet of a more recent deposit of loam or sand. The bot­
tom of the basin is very irregular, the shales being met with at depths of 
from 90 to 180 feet in some parts, and at 382 feet in the middle of the­
valley. According to Mr. Geddes, the greatest depth of this ancient basin 
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is not less than 414 feet below the surface-level of Onondaga Lake, and 50 
feet below the sea level.-(Trans. N. Y. State Agricultural Society, 
1859.) 

Beds of the ancient gravel are occasionally found converted into a hard 
concrete, the cementing material of which, in some cases at least, is crys­
talline laminated gypsum. The wells are bored in this gravel to various 
depths up to 350 feet; brine is met with at about 100 feet, but the brines 
of the deeper wells are stronger, and less liable to variations in quality 
with the season of the year. 

The.report of the superintendent of;the Onondaga salt springs, for 1868, Salt wells 

contains some interesting details of wells sunk in this region during the 
preceding year. One of these, at a distance of two or three hundred 
yards from the wells which supply with brine the Liverpool district, was 
found to be outside of the gravel basin, the green shales of the Onondaga 
formation having been encountered at a depth of 82 feet, beneath which 
the strata, to a depth of 715 feet from the surface, consisted of green, red 
and gray shales, with a few beds of bituminous limestone, and a little 
gypsum, green shales forming the base. Fresh water was met with at 
11!:i feet, and salt water first appeared at 164 feet. Analysis of the 
saline waters, from 291 and 540 feet, are given by Dr. Goessmann. That 
from the latter depth contained in 100 parts, chlorid of sodium, 4.5478; 
chlorid of calcium, 5.8658 ; chlorid of magne.sium, 2.0237; sulphate of 
lime, 0.1070=12.5433. The water from the highc:- level contained 
nearly the same proportions of elements, but was less strong. The water 
from a well 148 feet deep in the shales, four miles farther west, was very 
similar in composition to that of which the analysis has just been given, 
and the same is true of two wells sunk in 1867 at Canastota, about twenty 
miles to the eastward of Syracuse. 

In one of these, after penetrating through about 300 feet of red and Canastota. 

blue clays, a cemented gravel was met with, followed by loose gravel and 
sand to a depth of not less than 648 feet, where a hard rock was encoun-
tered, and the boring discontinued. The water from these wells was a 
strong but bitter brine containing in 100 parts, sulphate of lime, 0.0058; 
chlorid of calcium, 4.8200; chlorid of magnesium, 0. 9281 ; chlorid of 
sodium, 15.2288, and carbonate of iron 0.0150. For this analysis and 
description of the well I am indebted to Dr. C. A. Goessmann. Hero, 
then, as at Syracuse, the brine occurs in a deep excavation in the Onon-
daga formation. The shales of this region, as long since pointed out by 
Eaton, show, in many parts, peculiar hopper-shaped markings, which are 
recognized as the casts of crystals of chlorid of sodium, and hence it was 
conjectured that the source of the brines was to be found in these strata ; So_urce or 

although it was not impossible that they might be derived from more brines . 
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recent deposits of rock salt occupying the remarkable gravel-filled basins 
which are shown to exist at Syracuse and Canastota. The discovery, in 
Ontario, of rock-salt in solid masses interstratified with the base of the 
Onondaga formation, leaves, however, but little doubt of the correctness 
of the views long maintained by the New York geologists, that the source 
of the brine is to be found in this formation. Borings like those of Goderich 
will probably one day show the existence in the vicinity of Syracuse of 
similar beds of rock-salt which now yield to the action of infiltrating waters 
the brines that accumulate in the gravel beds occupying the reservoirs just 
described. These also receive the bitter waters which are derived from 
the shales of the same formation, and contaminate the brines of Syracuse ; 
although they do not mingle to any injurious extent with the water from 
the borings of Goderich and its vicinity. 

In this connection it may be mentioned that brine has been obtained at 
P ort Austin, Huron County, Michigan, on the opposite side of the lake 
and a little north of west from Goderich. The surface rock of this region 
is a sandstone of the Chemung formation, beneath which, at a depth of 
1198 feet from the surface, there was extracted a brine of which a specimen 
furnished to Dr. Goessmann marked 88" of the salometer, and gave for 
100 parts, chlorid of sodium, 17 .6161 ; chlorid of calcium, 3.127 4 ; 
chlorid of magnesium, 1.5675, and sulphate oflime 0.0129 = 22.3239. '.l.'he 
thicknesses of the different formations across this western region, from New 
York to Michigan, are well known to be very variable, and it is impossible, 
with our present data, to say at what depth the Onondaga formation should 
be found at Port Austin; but the occurrence there of a brine at 1198 feet 
would indicate either a considerable diminution in the volume of the strata 
between the base of the Onondaga and the Chemung, or the existence of 
a saliferous horizon in the Devonian strata, and consequently intermediate 
between the Onondaga formation and the Michigan salt group, which is 
situated at the base of the Carboniferous limestone in that State. In the 
vicinity of Lake Huron, in Ontario, the Onondaga has a thickness of 1,000 
feet, the Corniferous probably about ·200, the Hamilton very nearly 400, 
while the Portage group is represented, both near Sarnia and in the 
adjoining state of Michigan, by more than 200 feet, making thus 1800 feet 
from the base of the Onondaga to the summit of the Portage formation. 
(Report for 1866, p. 241-250.) The above facts with regard to salt in 
Michigan and New York, are worthy of being put on record, as they may 
be found to have, in more ways than one, an important bearing on our own 
salt deposits. Some are private communications of C. A. Goessmann, Ph. 
D., now professor of chemistry at Amherst, Mass., but for several years 
chemist to the Onondaga Salt Company. His published papers on the 
Onondaga brines in the American Journal of Science for 1866, [2] XLII., 
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·211, 368, have also been consulted, and various pamphlets and reports by 
bim will be frequently cited in the course of this Report. I take this occa­
sion to express my deep sense of the value of his important contributions to 
the chemistry of salt-making in New York, and of the courtesy with which 
be has aided me in my inquiries into the salt manufacture at Syracuse. 
He has also visited the Goderich region and submitted the brine to analysis. 

ANALYSES OF THE BRINES OF GODERICH AND ITS VICINITY. 

In the Report for 1866, a first analysis was given of the brine extracted 
from the well of the Goderich Company, the first one bored at Goderich, Goderich Co.'s 

.and at thattime not yet pumped in a continuous orregular manner. Since well. 

that time the well has furnished an uninterrupted supply of salt water, and 
has yielded, for the greater part of the time, 100 bushels of salt daily. It 
becomes therefore an interesting inquiry whether, during this period of more 
than two years, the composition of the brine has undergone any change, 
and to this end we may compare four analyses made from brines taken 
at the dates given below, the analysis II. being by Dr. Goessmann, the 
.others by myself:-

I. August 19, 1866; cited from Report for 1866, page 269. 
II. April 1867 ; from a Report by Dr. Goessmann. 
III. February 1868; brine sent me by the proprietors of tbe well. 
IV. November 5, 1868; brine collected by me at tbe well. 

I. II. III. TV. Analyses. 
Chlorid of sodium .•.••. 259.000 241.433 undet. 236.410 

" " calcium ...• .432 .216 .182 .190 

" " magnesium. .254 . 336 .288 .410 
Sulphate of lime ...••. 1.882 5.433 .5679 4.858 

269.568 24 7.418 241.!J68 

Specific gravity. ..... 1.205 i.rn5 1.192 1.187 
Degrees of the salometer. 100° 95° 94° 920 

' The cause of these variations is to be found in the fact that the sources causes oharia· 

·of saline matters in these brines are three-fold: 1st. The solution of nearly tion, 

pure rock-salt; 2nd. The solution: of beds of gypsum or sulphate of lime, 
which lie in the shales above the salt ; and 3rd. The intermixture of bitter 
waters, containing lal'ge proportions of chlorids of calcium and magnesium. 
Such waters occur in the strata both above and below the salt deposit, and 
become mingled with the fresh waters which flow in to supply the void caused 
by pumping. The composition of these bitter waters is very variable ; in 
some the chlorid of calcium and in others the chlorid of magnesium predomin-
.ates. The waters of this class are noticed in connection with salt-making 

Q 
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in the report just cited, page 271, and analyses are given on pages 272, 
273 and 276. The analysis of a similar water from Syracuse is given in the 
present report on page 219. The quantity of bitter salts in the Goderich 
brines, however, is insignificant when compared with those of most other salt­
producing regions. It is to be noticed that at the time of the first analysis, 
the well was not regularly pumped, and that the brine, though saturated, con­
tained less gypsum and more chlorid of calcium than it has since yielded ; 
while the chlorid of magnesium has somewhat increased in quantity. The 
density of the brine is subject to some little variation, but is said in the 
Goderich Company's well rarely to fall below 92°, and after a repose of a 
few hours to rise considerably above it. Of the other wells which have been 
sunk at Goderich, four were being pumped at the time of my last visit, in 
November, 1868, and from these I took specimens of brine. It was not 
considered necessary to analyse these brines from adjacent wells of the 
same depth, but their specific gravity at 62° F. was determined, and is;hern 
given, with the corresponding degree of the salometer :-

Goderich Company's well, density 1.187 eq1rn.l 920 salometer. 
Dominion well, " l.175 " 87° It 

Huron well, " 1.176 " 87° " 
0 n tario well, " 1.1 60 " 81° " 
Victoria well, " 1.160 " 810 " 

The brines of Clinton and Kincardine shew a strength and purity com­
parable to those of Goderich. Of the following analyses, V is that of the 
brine from the Clinton well, collected by me on the 6th November, 1868, 
and VI is that from Kincardine, sent to me by the proprietor a few days 
later, the well not having been in operation at the time of my visit to the 
district:-

Cbbrid of sodium . ••• • •..••.....•••• . 

" " calcium .••••.•..•.......•. , ••.... 
" " magnesium ......•..... .. ......... 

Sulphate of lime .••...•••....•..... • ••.. . •.• 

Specific gravity •..•.••...••••....•..•• .• .••• 
Salometer .•.••....•.••..•.•.••.••...•....•• 

V. 
204.o70 

.470 

.184 
5.583 

210.307 

1.157 
S('O 

MANUFACTURE OF SALT AT GODERICH AND CLINTON. 

VI. 
241.350 

.840 
.230 

3.264 

245.484. 

1.191 
94° 

Of the wells above mentioned, that of the Goderich Company has been 
regularly worked since October, 1866, and the manufacture of salt was 
commenced at the four others named above, the Dominion, Huron, Ontario, 
and Victoria wells, during the summer months of 1868. In November 
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last, the boring of three others was nearly or quite completed. Two of 
these, called the Prince and Maitland wells, are, like that of the Goderich Goderich. 

Company, on the north side of the Maitland River, while a third, the 
Tecumseh well, is on the south side, near the others mentioned above. 
The number of kettles used, and the daily produce of the wells then in Saltworks. 

operation was, in November, 1868, stated to be as follows:-

Goderich Co, 104 kettles. yielding 100 barrels of salt. 
Dominion, 60 " " 55 " 
Enron, 120 " " 110 " 
Ontario, 60 " " 55 " 
Victoria, 60 " " 55 " 

404 kettles " 375 barrels. 

The Goderich Company and Huron wells have two blocks of kettles 
each, the others but one, the block of kettles consisting of two parallel rows 
of from twenty-six to thirty cast-iron kettles each. The arrangement is 
copied from the works of the Onondaga Company, at Syracuse, New York, 
where the number of kettles in a block varies from fifty to sixty. The Salt boiling. 

capacity of the kettles used at Goderich varies from 120 to 140 gallons, 
the larger ones being placed towards the front, and exposed to the greater 
heat, from which, however, they are partially protected by arches con-
structeJ under the first nine or ten kettles . At Syracuse, in some of 
the blocks, the rear kettles have a capacity of not more than 100 gallons. 
The cost of a block of sixty kettles at Goderich is said to be $1,500, to 
which is to be added for the construction of the furnace, $1,600, making 
a total of $3 ,100. 

The fuel hitherto use~ at Goderich has been chiefly wood, which costs Fuel; coal and 

there $2.50 the cord. Bituminous coal, which has been tried there to a wood. 

small extent, is shipped from Cleveland, and delivered at Goderich, as I 
was informed, for $3.80 the ton. The amount of salt to be obtained by 
the use of a cord of wood, at Goderich, was variously estimated by the 
different salt-makers. The fignres furnished me by Mr. Samuel Platt, 
which seem to be the result of careful observations at the Goderich Com-
pany's works, give a consumption of sixteen cords of hard-wood for one 
hundred barrels, of five bushels each, of salt. Of this amount of wood one 
and a-half cords are consumed for the engine employed in pumping the 
brine, leaving fourteen and a half cords for the evaporation, which gives 
about 3H bushels to the cord of wood. The estimates at two other wells, 
given me by persons worthy of confidence, corresponded respectively to 
35! and 36 bushels to the cord, and we may therefore, 'r think, assume 
35 bushels of salt, of 56 pounds each, to be the average result for the 
cord of hard-wood employed at Goderich. 
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At Syracuse, where wood is also used to a considerable extent, the 
yield of salt is from 37 to 38 bushels to the cord of wood, and the ton of 
coal gives about the same amount, so that in round numbers the production 
of a pound of salt there, requires the combustion of a pound of coal (37 X 
56 = 2072 lbs. ) The cost of coal delivered to the salt-makers at 
Syracuse was, in 1868, $8.50 American currency. The wood used there 
by some of the manufacturers is cut from lands in the vicinity. From 
these figures, which I received at Syracuse from what I consider 
undoubted authority, it would seem that the salt-makers of Goderich will 
not be gainers by the attempt to substitute imported coal for the wood of 
their own neighborhood, since, while the cord of wood is equal in salt­
producing power to a ton of coal, its cost in round numbers, is, at present 
prices, only two-thirds as much. 

The brines of Syracuse mark from 59° to 65° of the salometer, while 
those of Goderich, as seen above, give from 81° to 90° and even 95°. A 
pure brine of 60° contains 15.6 per cent. of salt, and 38.9 gallons of it are 
required to yield a bushel of salt; while a brine of 90° holds 23.4 per 
cent., and yields a bushel of salt for 24.5 gallons. Hence it appears that, 
in round numbers, the Goderich brines contain about one-half more salt 
than those of Syracuse, or are fifty per cent. richer. So that, as remarked 
by Dr. Goessmann, we should expect fifty-two bushels as the yield at Gode­
rich for the cord of wood, being an increase of nearly 50 per cent. on 
that now obtained. 

This great discrepancy between what might be expected, and the results 
actually obtained at Goderich, is easily explained, and is found in the fact 
that the system of evaporation pursued at Syracuse, and adopted at 
Goderich, is one not suited to the strong brines of the latter region. On 
this point Dr." Goessmann remarks that the only difficulty with which the 
salt-makers of Goderich have now to contend " is the rapid incrustation 
of the kettles, a trouble due to the strong concentration of their brine, in 
connection with their peculiar system of manufacture." Under these 
circumstances, the salt separates in considerable amount in very fine 
grains, and a hard incrustation forms on the bottom and sides of the kettles, 
which soon becomes several inches in thickness. This not only causes a 
considerable waste of salt, since these crusts are not fit for market, but, 
what is of much greater importance, prevents the economical application 
of the fuel; besides which, the necessity of a frequent removal of the crust 
of salt generally keeps one of each row of kettles out of service. The 
crust may be removed either by mechanical means, or by dissolving it out 
with fresh water, a process which involves the loss of time, fuel and salt. 
With weaker brines, on the contrary, like those of Syracuse, the fresh 
supplies of brine added to the emptied kettles suffice to dissolve any exist-
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ing crust, and the difficulties which cause such a serious loss at Goderich 
are not felt. 

Dr. Goessmann proceeds, in describing the manufacture at Goderich:- Goes.smann's 
op1mon. 

'' The salt is, after separation from the pickle, (mother-liquor) as might 
have been expected from a brine like that of Goderich, of a superior 
color, of a hard fine grain, resembling the best brands of home and foreign 
manufacture, and this success is attained without any but the ordinary 
care required for the manufacture of common fine salt. It will be noticed 
that the sole objection which may be raised against the Goderich brine, is 
merely incidental, for the brine is too strong to be worked to its full 
advantage by the system of manufacture at present pursued. Evaporation by 
more moderate heat, for instance, on the European plan of large pans, or 
evaporation by solar heat in wooden vats, on the Onondaga plan, would, no 
doubt, prove more successful. Each of these methods would produce, with 
less trouble, not only a very good marketable article of its kind, but secure 
what is most important, the full percentage of salt, which might be 
expected, comparing its concentration with the brines of Onondaga, to 
be a difference of 50 per cent." 

The above extracts are from a printed Report by Dr. Goessmann, 
dated January, 1868, on the salt resources of Goderich. Since that time 
the system of evaporation in pans has been tried at Clinton, and the results Evaporation in 

fully justify the recommendation by Dr. Goessmann. The Stapleton salt- pans. 

work here erected by Mr. Ransford, has two pans, each twenty-one feet 
wide by forty feet long, and fifteen inches deep. Under the front pan three 
wood fires are kept up ; the brine in this is maintained in rapid ebullition, Clinton. 

while the waste heat passes under the second pan, in which a slower eva­
poration goes on, producing a coarse flaky salt. The daily production of 
these two pans was, I was informed, equal to fifty barrels of fine salt from 
the front pan and twenty barrels of coarser salt from the rear one, equal 
to seventy barrels, and the consumption of wood for this production was 
seven cords, being at the rate of fifty bushels of salt for the cord of wood. 
Although the brine was said to mark generally 85°, the specimen taken by 
me, whose analysis is given on page 221, was not above 80° ; the result thus 
shows most satisfactorily the greater economy of fuel to be attaiped by the 
use of pans, and the utilization of the waste heat, as practised at Clinton. 
The crust which forms on the first pan is removed once a week, and is 
found in that interval of time to be from one and a quarter to one and a 
half inches in thickness . But very little crust is deposited in the rear pan, 
except at the end nearest the fire. In Cheshire, in England, where 
brines as concentrated as those of Goderich are evaporated, pans similar in 
dimensions to those at Clinton are made use of; while single pans, having 
a breadth of twenty by a length of forty feet, and a depth of two feet, are 
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also employed, in which the evaporation is carried at temperatures as low 
as 150° Fahrenheit, for the production of coarse salt. 

Mr. Samuel Platt, under whose superintendence the first salt was made 
at the Goderich Company's well, has patented an evaporating pan, to which 
the heat is applied by the means of steam heated to a pressure of thirty 
pounds. In this way it is expected to effect an important saving of fuel, 
and obtain other advantages. I have not yet learned the result of experi­
ments in progress for the purpose of testing the merits of this system. 
Several other proposed improvements in evaporators have recently been 
made the subject of patents in Canada . 

Attention was called, in the Report for 1866, to the great purity of the 
Goderich brines, of which Dr. Goessmann subsequently writes, in his report 
already cited : " The present brine of Goderich is not only one of the most 
concentrated known, but also one of the purest, if not the purest, at present 
turned to practical use for the manufacture of salt;" and he proceeds to 

Earthy chlorids. remark that the proportion of obnoxious deliquescent eh lo rids (of calcium 
and magnesium) is from one-fourth to one-fifth of that found in the 
brines of Syracuse. It will be seen by referring to the table of analyses, 
given on page 221, that the proportion has not increased after more than two 
years pumping of the well first sunk ; the only change being that the 
amount of gypsum has augmented. The earthy chlorids, j ust mentioned, 
being much more soluble than the salt, do not separate, but remain behind 
in the mother liquor, which should, from time to time, be emptied from the 
evaporating vessels. From a neglect of this it would otherwise happen 
that the salt would, after a time, be rendered impure from the adhering 

Mother liquors. mother-liquors, and be reduced to the condition of salt manufactured from 
inferior brines like those of Saginaw ; the impurity of which consists in these 
same earthy chlorids, which it becomes necessary to remove by a special 
process. The precaution of throwing out the mother-liquors from time to 
time, has not been attended to at Goderich ; and when it is found necessary 
to empty a kettle for the purpose of removing the crust, it has been the 
practice to transfer the brine into an adjoining kettle. The effect of this 
is shown by the following comparative results for 100 parts of brine; A 
being the recent brine, marking 94°, whose analysis is given at III. on 
page 221, and B, a saturated brine, marking 100°, taken from one of the 
boiling kettles at the same time :-

A. B. 
Cblorid of calcium.. . .. . . . . . • . . . . • • . . • . . . • • • • • • . . . . · 182 ·688 

" " magnesium... . . • • .. . . • . . . .. . . . . . . • . . . • . . . ·283 l · 185 
Sulphate of lime ...••.•••...•...•. ... ••..........•• 5·679 4·908 

The diminution in the amount of sulphate of lime is due to the fact that 
both heat and the presence of earthy ch!orids diminish its solubility. 
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These latter salts are present in a four-fold proportion in the evaporated 
brine, showing clearly the accumulation of these which takes place when 
the common salt is removed, and the necessity of throwing out the old 
liquors from time to time. 

In the brines of Saginaw, the chlorid of magnesium, which is more obnox-
ious than the calcium salt, is got rid of by the addition of a small portion of 
quick-lime, as described in the Report of 1866, page 265. On page 267 
of that report will be found analyses of brines from other regions, that of 
Syracuse included, which, as we have seen, contains from three to four 
times as much of these bitter earthy chlorids as our own brines. These are 
decomposed by an ingenious process, which consists in washing the pre- Purifying salt. 

viously drained salt in a pure saturated brine, to which has been previously 
added a sufficient proportion of carbonate of soda to decompose the earthy 
chlorids present in the salt, the proportion being determined by the results iractory-filled 

of analysis. The salt purified by this operation is drained, and partially salt. 

dried in bins, after which the drying is completed in hot-air chambers, or 
in revolving cylinders heated to 250° -300° F., and the salt finally 
screened and ground. This process yields the so-called " Factory-filled 
Salt" of Syracuse, greatly estimated for dairy use, of which about 700,000 
bushels are manufactured yearly. 

ON TIIE MANUFACTURE OF SOLAR SALT. 

We have already referred to the advantages offered by Goderich for 
the manufacture of solar salt, and now propose to give a brief account of 
the system pursued for making it at Syracuse, New York, based upon 
published reports, and upon my own observations in 1868. The condi­
tions in which the brine is met with in a gravel-filled basin of small extent 
on the shores of Onondaga lake, near to Syracuse, have already been Syracuse salt 

works. 
described. The salt-producing area, known as the Salt Springs reserva-
tion, is divided into four manufacturing districts, known as the l st, or 
Syracuse, the 2nd, or Salina, the 3rd, or Liverpool, and the 4th, or Geddes 
.district. The wells in the Liverpool district became valueless and were 
abandoned in 1866, and the brine now required for the works at Liverpool 
is raised from the wells in the Salina district, and conveyed by a line of 
bored logs of nine inches calibre, to a reservoir seventy-five feet long, 
fifty-three feet wide, and ei!1;ht feet deep. The large reciprocating pump<J 
hitherto used are now being replaced by small rotary brass pumps, one of 
which, costing $300 American currency, is said to be sufficient for the 
most abundant well. · 

The various salt-makers in these four districts, were in 1860, united into ononde.ge. 

an incorporated company, known as the Salt Company of Onondaga. By Salt Co. 
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this union of their interests under one head they have been enabled to. 
secure great advantages. Among these have been the appointing of 
agents in the principal markets of the country, the establishment of a 
general direction ensuring uniformity in the quality of the salt and the 
mode of preparing it for market, and finally the employing of a scientific 
chemist to direct the works, and, by careful studies, to suggest improved 
methods of manufacture. 

These works pay to the state a tax of one cent per bushel, besides a 
rental, which is, however, insignificant, since it appears that the whole sum 
paid by the Company to the state in 1867, for rents and penalties, was 
only $102; the duty amounting for the same time to $75,956.06, being for 
7 ,595,565 bushels of fifty-six pounds each, the amount inspected in 1867. 
Of this amount, 2,271,892 bushels were made by solar evaporation and 
5,323,673 bushels by boiling. Of the solar salt, 308,266 bushels were 
ground, and of the fine or boiled salt, 188,866 ; of which 41,929 bushels,. 
prepared in the Geddes district, are described as table-salt. 

I am not able to give the entire number of blocks of kettles in the estab­
lishments of the Company; but it is stated in their report for 1867, that the 
average daily produce of salt for each block during the year was equal to 
nearly 261 bushels, while the average from the seven blocks of kettles at 
Goderich, from the figures given on page 223, was 268 bushels. 

The cost of making solar salt in the Onondaga region is estimated to be 
a little less than that of boiled salt. 

The process of making solar salt at Syracuse is divided into three stages: 
First, the settling of the brine, as it is called ; second, its concentration, or 
what is called pickle-making ; and third, the making of salt from the pickle. 
The brine after being raised, is stored in reservoirs, from which it is led 

Settling-rooms. through bored logs to the deep-rooms or settling-rooms, as they are termed, 
where it is exposed to the air in large tanks, which are deeper than those 
used in the subsequent stages. There the brine absorbs a portion of 
oxygen from the air, by which means the carbonate of protoxyd 
of iron, which is dissolved in the recent brine, is converted into insoluble 
peroxyd of iron. This separates in a hydrated form, as an insoluble 
yellowish mud, which accumulates in the bottom of the tanks, and the brine 
becomes clear and colorless. This first stage is not required for our 
Goderich brines, which are free from any trace of iron. 

The process of evaporation, of course, begins in the settling room, but is 
Lime-rooms. continued in what are variously called lime-rooms, gypsum-rooms, or plaster­

rooms, from the fact that the sulphate of lime or gypsum, (which is the same 
substance as uncalcined plaster of Paris) is here deposited in a hydrated 
state, and in the form of crystals, which in time nearly cover the bottoms of 

Gypaum. the vats. As the brine approaches saturation, flakes of gypsum are seen 
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floating on the surface of the liquid, and at length the appearance of crystals 
of salt shows that the second stage of the process is accomplished, and that 
the saturated brine, known as salt-pickle~ is ready for the third stage . This 
is then at once removed, and is ready for the salt-rooms, in which the 
deposition of the salt goes on. 

By salt-rooms are meant areas occupied by the evaporating vats or Salt-rooms. 

covers, as they are called, which are provided with moveable roofs, that 
can be drawn over the covers in rainy weather, but withdrawn at other 
times, so as to expose the brine to the action of the wind and sun. The 
covers are rectangular in shape, and all of the same size, being sixteen by Salt.covers. 

eighteen feet, and six inches deep. They are raised on wooden supports 
two or three feet from the ground, and are arranged in sets or strings, each 
from four to six inches above the other, so that the liquid can be made to 
flow from the higher to the lower by opening small gates. The whole num-
ber in use at Syracuse in 1867 was 41,718; of these, in round numbers, 
two-fifths belong to the settling and gypsum-rooms, while three-fifths, or 
about 25,000, are salt-covers. The average yield for each cover at the 
Salt Company's works was, in 1867, 54! bushels; while for the salt-covers, 
which are fed with saturated brine, it would, if we take their number to be 
25,000, equal more than 90 bushels to the cover, for the season. With 
the purer and more concentrated brines of Goderich the settling tanks are 
unnecessary, and the time required in the gypsum-rooms to bring the brine 
to the condition of saturated pickle would be very much abridged, so that a 
much less proportion of the covers would be required for the gypsum-rooms, 
and the average production of salt to the whole number of covers, very 
greatly increased. 

One of the conditions required for the production of a good large- Conditions ro:r-
workrng. 

grained solar salt, which is most esteemed in the markets, is that the bot-
tom of the covers in the salt-rooms should be as smooth as possible; rough 
surfaces favoring the deposition of numerous small crystals. It is also neces-
sary to have the salt-covers supplied with a sufficient supply of good pickle, 
so that the salt already deposited may always be covered. An exposure 
of the salt uncovered to the air favors the formation of new small crystals, 
and the addition of an unfinished or not sufficiently concentrated pickle 
produces the same effect, inasmuch as it brings an excess of sulphate of 
lime into the salt-room ; and the increased separation of gypsum will also 
cause the production of a larger proportion of fine grains of salt. It is 
also of great importance that the waste pickle, from which the greater 
part of its salt has crystallized, should be removed from time to time, as its 
presence not only impl/iirs the quality, but diminishes the quantity of the 
salt deposited. 

A correct understanding of the chemical relations of the various con-
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·Chemistry of stituents of brines is so important to the manufacturer of salt that it is 
<brines, 

well to enter into some details on the subject, and to embody the result of 

Their compo· 
sition. 

a very careful and valuable series of experiments carried on by Dr. 
Goessmann at Syracuse, and published by him in a report to the Onondaga 
Company in 1864. In the Report of the Geological Survey for 1853-56, 
pages 404-419, I have described in detail the manufacture of salt by the 
evaporation of sea-water, and the chemical reactions which come into play 
in the process.* The composition of sea-water differs in some important 
particulars from that of brines like those of Syracuse and Goderich, and 
especially in the presence of a large amount of sulphates, so that the 
evaporated brine or salt-pickle from sea-water contains no chlorid of cal­
cium and only a trace of gypsum, but besides a large proportion of chlorid 
of magnesium, a considerable amount of sulphate of magnesia. 

The compounds found in native brines, like those of Goderich and Syra-
cuse, are as follows: 1st, chlorid of sodium or common salt; 2nd, chlorid 
of calcium ; 3rd, chlorid of magnesium ; and 4th, sulphate of calcium or 
sulphate oflime. In addition to these, small portions of carbonate of iron are 
often present; this substance is separated at an early stage of the process, 
as already explained, in the form of hydrated peroxyd of iron, and unless 
carefully removed in the settling-tanks gives a reddish tint to the salt. 
This o~jectionable impurity is, however, entirely absent from the brines of 
Goderich and its vicinity. In addition to the substances already men­
tioned, the brines contain small portions of chlorid of potassium and of 
bromid of magnesium. These, however, have no perceptible influence on 

Earthychlorids, the manufacture of salt. 'rhe chlorids of calcium and magnesium, being 
compounds of what are sometimes called the earthy metals, are frequently 
spoken of as earthy chlorids, a term which, for convenience, will some­
times be made use of in discussing the relations of the various elements of 
brine to water and to each other. 

Solubility of 
salt. 

A saturated brine prepared with pure water and pure salt ( chlorid of 
sodium) has a specific gravity about 1.205 at 60° Fahrenheit, (Liebig) 
and contains 26.423 per cent. of salt. The presence of earthy chlorids, 
however, diminishes the solubility of salt in water, so that a saturated brine 
containing these chlorids is less rich in salt than if it were pure. Another 
point to be considered in this connection, is that as these chlorids are much 
more soluble in water than the salt, the latter crystallizes out first, leaving 
them behind in the pickle, where they accumulate ; the salt which separates 
retaining only so much of the earthy chlorids as is present in the pickle 
which moistens it. At length, after the separation of the greater part of 
the salt, either by boiling or by solar evaporation, the proportion of these 

• See also the American Journal of Science for 1858, vol xxv. page 361. 

• 
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<)hlorids becomes so great that they predominate in the pickle or mother- Mother·liquor. 

liquor, which becomes what is called bittern by the makers of salt from 
sea-water. It has a sharp and bitter taste from the presence of the 
chlorids of calcium and magnesium, and as these compounds have a great 
:attraction for water, and even absorb it from moist air, when in concentrated 
solutions, it follows that the pickle from which the greater part of the salt 
has been separated no longer loses water by exposure to the air at ordi-
i{ary temperatures, and although very dense, and marking a high degl'ee 
on the salometer, holds but a small proportion of salt. 

The sulphate oflime presents curious relations both to water and to the ~ulphate or 

other compounds present in natural brines. 100. 00 parts of pure wa ter, lime. 

at ordinary temperatures, dissolve about . 25 parts of the sulphate of 
lime, but it is somewhat less soluble in water at the boiling point, and at 
higher temperatures becomes almost insoluble ; a property which causes it 
to be deposited in high-pressure boilers in which sea-water and other 
waters holding this sulphate in solution, are exposed to temperatures much 
above 212° F. Sulphate of lime is much more soluble in a strong 
solution of salt than in pure water, while on the other hand the earthy 
chlorids diminish its solubility. Thus 100.00 parts of pure saturated brine 
are capable of holding in solution from .50 to .60 parts of sulphate of lime 
while in the bittern or pickle in which there has accumulated a large 
amount of earthy chlorids, the sulphate becomes nearly insoluble. Its 
solubility in brine, as in pure water, is also 'diminished by heat, so that a 
brine brought to saturation by boiling, deposits more of its sulphate of lime 
than if concentrated by evaporation at the ordinary temperature. These 
points are exemplified by the following series of analyses made by Dr. 
Goessmann with the especial object of throwing light upon the manufac- Gaees!11ann's 

experiments. 
ture of solar salt at Syracuse. 

I. Brine from one of the wells at Syracuse, having a specific gravity of 
1.1225, which corresponds to 65° of the salometer at 70° F. 

II. Pickle or saturated brine obtained by concentrating I by solar heat 
until it was ready to deposit salt. It then had a specific gravity of 1.2062, 
-equal to 100° of the salometer at 70° F. 

II A. An artificial brine, almost identical with the last, and prepared 
for certain experiments to be mentioned farther on. 

III. Pickle " from the first cover of a string of salt-vats numbering 
from thirty to thirty-four covers. The latter were partitioned into two 
sub-divisions. The one towards the head of the string was from five to 
six inches higher than the one towards its termination." 

IV. Pickle "from the last cover of the same string," the whole having 
been filled with new pickle for the season's work. The liquid flows from 
III down to IV, so that the latter represents a pickle which has parted 
with a considerable portion of its salt. 
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V. Pickle from the last cover or string of a similar series, at the middle 
of the summer season, when evaporation had proceeded so far that the 
pickle "\\as low and the salt partly bare. 

A comparison of the results given under II, III, IV, and V, will show 
that in these pickles, the proportion of sulphate of lime diminishes as that 
of the earthy chlorids increases. 

I. II. II A. 
Sulphate of lime ... •• .•.• ...• 0.5772 0.4110 0.4090 
Cblorid of calcium ..••••. . .•.• O.lfi33 0.2487 0.2687 
Cblorid of magnesium ....• .• .. 0.1444 0.2343 0.2578 
Chlorid of potassium ...•.•.••• 0.0119 0.0194 0.0194 
Brom id of magnesium • •.• ••.• • 0.0024 0.0039 
Carbonate of iron ...... ······ 0.0044 
Chlorid of sodium ....•• . ....• 15.5317 25. 7339 25.6906 
Water .•.......•.....• ...... 83.5747 73.3488 73.3545 

---- --
100.0000 100.0000 100.0000 
--- -- --

III. IV. v . 
. Sulphate of lime .•.•• .•. .. .. . 0.3188 0.1146 0.02G4 
Cblorid of calcium .. ..• ..... 0.4223 2.6959 10 .4690 
Chlorid of magnesium ... . ..•.• 0.6005 2. 7513 10.5020 
Chlorid ofpotasaium . . .. ..... • 0.0194 0.8177 3.3769 
Bromid of magnesium ... .•..•. 0.0331 0.1160 0.4485 
Chlorid of sodium ....•..•.... 25.0462 20.1086 8.7441 
Water ..••... . •• . .•• ...•.. .• . 

-- -- --
100.0000 100.0000 100.0000 
-- -- ----

In this connection Dr. Goessmann gives the following analyses, in which 
VI sho"lls the proportion which the sulphate of lime and the earthy chlorids 
bear to the salt in the fresh pickle, II; and VII the average composition of 
the solar salt made from this pickle at Syracuse. 'I'hese results show that 
only about one-eighth of the earthy chlorids present in the fresh pickle are 
retained by the salt, the remainder accumulating in the mother-liquor, 
except a small portion, which is supposed to pass through the pores of the 
wood. 

Sulphate of lime . .. ..... ... ..... ...... . 
Chlorid of calcium.. . . . .•. ..•.. .. ...• . 
Cblorid of magnesium ..• .• • •.•• •.... ..• 
Cblorid of sodium ..• ....•.• . ••• . . . ••.•• 

VI. 
1.5400 
0.9335 
0.8817 

96.6448 

100.0000 

VII. 
1.3378 
0.0932 
0.1200 

98.4490 

100.0000 

The composition of the old and half-exhausted pickles is shown in the 
analysis IV, and at a still later stage in V. The evils resulting from 
this accumulation of chlorids are many : first, the salt removed from these 
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is impregnated with a very impure pickle, which not only adheres to the Etrec~ofeartby 
crystals, but fills small cavities in them; the presence of these earthy cblonds . 

.chlorids being unfavorable to the production of solid crystals free from 
cavities. These adhering solutions of earthy chlorids never dry completely 
at ordinary temperatures, and keep the salt constantly moist, and very 
easily affected by damp weather. Again, these impurities affect the quan-
tity as well as the quality of the salt produced, by retarding the process 
of evaporation. Under any circumstances the force of affinity causes such 
saline solutions as these to evaporate less rapidly than pure water, at ordi-
nary temperatures. Thus it was found by Dr. Goessmann, on exposing equal 
volumes to evaporation under the same conditions, that while pure water R•~eaof ovapo· 

fost 60 per cent. of its volume, a recent brine, marking 65° of the salometer, rahon. 

(analysis I) lost but 45 per cent., a fresh pickle 43.66, and an old partly 
.exhausted pickle only 30.05 per cent. of its volume. Were the last to 
.evaporate as rapidly as fresh pickle, it would yield a less quantity of salt, 
since, as appears from the analysis already given, it contains less 
salt for the same volume; but in fact, its evaporation is much retarded by 
.the affinity of the earthy chlorids for water. This becomes so manifest 
that, after a certain stage of concentration, evaporation ceases altogether 
at ordinary temperatures. It is well known to chemists that these chlorids, 
if evaporated to dryness by artificial heat, will, on exposure at prdinary 
temperatures, absorb moisture from the air, and redissolve, or deli- • 
quesce, as it is termed. A similar process takes place with the concen­
trated bitterns, which at the temperature of the air lose water in dry 
weather, and absorb it again in moist weather. This process, and the effect 
of the purity of the pickle upon the quantity of salt produced, is shewn by 
the following experiments of Dr. Goessmann :-An artificial pickle, closely Goessmann•s 

Tesembling the fresh pickle II, and having the composition represented experiments. 

under II A, having been prepared, five glass basins were arranged, and 
placed in a position exposed to air and light, but sheltered from rain. Of 
these vessels, 1 was filled with theJ pickle II A ; 2, with equal parts of 
JI A and III; 3, with equal parts of II A and IV; and 4, with equal parts 
of II A and V ; while 5 was supplied only with the impure pickle V. It 
was found that during the whole season the 600 volumes of this last, taken 
for the experiment, were never reduced below 320, a bulk which was sub-
sequently augmented to 340 volumes when the damp weather of autumn 
came on. After an exposure during the whole s1lt-making season, the 
salt from each basin was collected and carefully weighed, with the follow-
jng results, the produce of the fresh pickle being taken at 100 :-

1. gav e of rnlt. ..•...••• ·········· .... 100·00 parts. 
2. " " " ···· ···· ··········· .... 99·72 " 
3. (. " .. .. ........ . .......... 95•35 " 
4. " " ······ ················· 81· 3 " 
5. " " " .... ··············· 15•60 " .... 



Dense pickles. 

• 

.Bromine. 

Brines compa­
red. 

Goderich. 
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From the sparing solubility of salt in a bittern like V, it results that if 
fresh pickle be mixed with it, the mixture can no longer hold the whole of 
the salt in solution, but deposits a considerable portion of it in fine grains. 
All of these considerations shew that the accumulation of the impure 
liquors in the salt-covers is to be carefully ttvoided, and that they should 
be thrown away before they reach such a stage of concentration and impu­
rity as to retard the efficient working of the process and reduce the yield 
of salt. Such a result is shewn in the experiments 3 and 4, where the 
falling off in the production is seen to be five and nineteen per centum. 
These impure pickles have a specific gravity considerably greater than that 
of pure saturated brines. Thus, according to Dr. Goessmann, the pickle 
V, which contains less than nine per cent. of salt, marks 32° on Beaume's 
scale, which corresponds to a specific gravity of about 1.278, and would 
equal 123° of the ordinary salometer, were the scale of this instrument to 
be extended; while a pure saturated brine, of 100° of the salometer, corres­
ponds Vflry nearly to 25° of Beaume's areometer. Dr. Goessmann recom­
mends this latter instrument to be used for testing the old liquors, and 
states that a pickle marking 30° Beaume (equal to a specific gravity of 
1.256) is to be rejected, as no longer fit for the purpose of making 
solar salt . 

It will be seen from the analyses already given that the small amounts 
of chlorid of potassium and bromid of magnesium which these brines contain~ 
accumulate in the old pickle, and might, perhaps, in some cases be turned 
to account as sources of potash and of bromine. Though this is not 
attempted at Syracuse, bromine is manufactured from the bitterns of salt­
springs in western Pennsylvania and in Germany, and potash salts are 
extracted from the bittern of sea-water on the shores of the Medi terran­
ean. The brines of Goderich are fortunately so pure that these foreign 
elements are present in too small amount to be of significance, although 
traces of both potash ancl bromine are found in them. 

As we have seen that the earthy chlorids are the most objectionable 
impurities in natural brines, it will be well to compare our own with those 
of Syracuse and of Saginaw. The following table shews the proportion of 
the two chlorids united, and also that of the sulphate of lime, calculated 
for 100 .00 (one hundred parts) of the solid matters of the different brines ; 
the difference between the sum of these and 100.00, being in each case 
pure salt. 

Earthy chlorids. S'Ulphate of l foie . 
1. Goderich Co's. well, Aug. 1866 ..•••.•.•••• , .... ·26 ·69 
2. " " Apr. 1 ~ 67.. ......... .... ... ·22 2·19 
3. " " Nov. 1868.. ............... 25 2·00 

4. Clinton " " " . .. .. .. .. . .. .. .. ·31 2·65 
5. Kincardine " " " .. • • .. • .. .. • . .. ·44 l ·33 
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6. Syracuse brine, analysis I, page 232,.. .. . . . . . . . I ·42 
7. " saturatedsaltpickle, ....... ....... .. 1·81 
8. Saginaw brine (analysis by Douglas), .......... 16·63 

9. " " ( " Dubois), ... ........•. . 17·42 
10. " " ( " Chilton),.... . . . . . . . . . 22·89 
11 . " " ( " Webb), . .............. 8·04 

3.51 
1.54 

.53 

2.20 
.45 

undetermined. 
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The amount of sulphate of lime in the Goderich brine in August, 1866, 
before the well was pumped, was very small, though it has since increased. 
The smaller proportion contained in the Saginaw brines is due to the large 
amount of earthy chlorids present, which, as we have said, diminish the 
solubility of sulphate of lime. The proportion of earthy chlorids in the 
Goderich brines is seen to be but a small fraction of that contained in those 
of Syracuse ; yet in the manufacture of solar salt these chlorids will slowly 
accumulate, and so require, though to a less degree, the same precautions 
as at Syracuse for getting rid of them from time to time. 1'he following 
recommendations for the improvement of the solar salt at that place, copied 
from the Report of Dr. Goessmann already .noticed, which was published 
in 1864, are therefore worthy of notice. Alluding to the different stages 
of the process, as described on page 228, which are r,arried on in three 
separate systems of vats, known as settling-rooms or deep-rooms, gypsum­
or lime-rooms and salt-rooms, he observes :-

Syracuse-. 

Saginaw 

" The successful working of these rooms, as a general rule, is best aided Plan or so1a,,. 

by building them in distinct systems, corresponding with the number of salt works. 

processes intended ; the succeeding set of rooms al ways f10w fuul' to dix 
inches lower than the preceding ones, and every system with a perfectly 
even bottom, but a distinctly slanting position towards their termination. 
Such a construction not only favors a desirable independent management 
of each system of rooms, but admits of a more successful drawing-off of b;:ine 
or pickle . * * * * * The degree in which 
the bottom of every system of vats has to incline, is best regulated by the 
respective lengths of the strings ; the longer the string of vats the less may 
be the rate of inclination. The latter ought to be such as to enable the 
workmen to draw from every one of these divisions, whenever required, that 
portion of the saline solution which has reached the desired point for which 
it was retained there. The flow itself, on the other hand, ought to be 
sufficiently slow to prevent the stirring,up, and thus the carrying along of 
sedimentary matter to the succeeding division. The latter purpose can be 
much aided by a proper distribution of gates for discharging the brine from 
the upper to the lower section. Several small gates properly located are 
always preferable to one large one; the additional trouble caused by being 
compelled to open at every new charge or discharge, several gates instead 
of one, is more than compensated by the decided advantage gained in being 
enabled to draw or run off the old pickle uniformly, and thus more effectu-
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ally, towards the termination of the lower rooms. The changes to which the 
brine is subjected while still in the first two systems of vats-the settling 
and the gypsum-rooms-manifest themselves, as we have observed, uniform­
ly throughout the whole mass ; and the vats being always filled with a saline 
solution of the same or similar original composition, and terminating also 
each time with a certain uniform state of the solution, in the form of a 
saturated pickle, do not exactly require separate divisions within their 
systems of vats. Nothing remains to be said here in regard to their construc­
tion, but that they ought to present a sufficient area of surface for evapora­
tion, to enable the manufacturer to feed his salt-rooms whenever it may be 
required; this being requisite in order to produce a superior article of 
salt. It may be a very difficult question to ascertain the exact relative 
proportion between the surfaces of evaporation in the settling and gypsum 
rooms on the one hand, and the salt-rooms on the other ; yet to find some­
thing near to it is one of the most important questions. A satisfactory 
decision of that question can only be obtained by adopting a method for 
working the salt-rooms to the best advantage, a method which tends to 
protect free evaporation in the salt-rooms from retarding influences-influ­
ences which are undeniable, yet uncertain in force." 

In relation to the foregoing extract, it is to be observed that the prepara­
tory stage, which requires two sets of rooms at Syracuse, on account of iron 
in the brine, may, in the absence of this impurity, be effected in a single 
set of rooms, in which the brine shall be brought to the point of saturation 
and a portion of gypsum deposited. The stronger the brine also the smaller 

Gypsum-rooms. need be the area of the gypsum-roums as compared with the salt-rooms, so 
that the comparative area of the former at Goderich may be very much 
reduceJ, as noticed on page 229. The influences alluded to as retarding 
free evaporation in the salt-rooms are those of the earthy chlorids, which, 
as already shown in page 231, have-when in considerable quantities-a 
powerful effect in this way. Hence, the necessity of getting rid of these, 
from time to time, by drawing off and rejecting the old pickle before it 
becomes so impure as to become prejudicial. The means of determining 
this point has already been shown on page 234. 

As already remarked above, the settling and gypsum-rooms, in which the 
evaporation is carried only to the point of saturation, do not require sub-di­
visions in their systems of vats or covers; but for the salt-rooms this is very 
desirable, and Dr. Goessmann recommends the following arrangement :-

Salt-rooms. " 'l'he vats are to be built in sub-divisions, with a perfectly even bottom, 
but slightly inclined towards the termination of the string. The first sub­
division, next to the gypsum-rooms, ought to have the largest number of 
covers, the one following a less number, and the third, if the last, only one 
cover to ever~ ten or twelve covers preceding in the whole string; for 
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instance the first division may have twenty covers, the second ten, and the 
third only three covers. These various divisions ought to be connected 
with each other by two· or, better, three small gates, and the gates between 
the second and third divisions should be larger than those between the 
gypsum-rooms and the salt-rooms. · These sub-divisions facilitate a proper 
division and economy of the salt pickle." 

The vats or covers used at Syracuse have, as already mentioned, a uni- Salt-covers, 

£ f · b · h £ d h"l l" 11 Syracuse. orm size o sixteen y eig teen eet, an w i e sett mg-vats are genera y 
deeper, those of the gypsum and salt-rooms have a depth of six inches, four 
inches of which is filled with brine or pickle. This, in the salt-covers, is 
replaced, as it evaporates, by fresh supplies of pickle, a process which is 
repeated as often as the salt itself appears above the level of the pickle, 
and continued until a sufficient amount of salt has been formed for removal. 
The gathering of the solar salt usually takes place twice or three times 
during a season. The natural consequence of this system of working is 
that in proportion as salt is obtained from the pickle the soluble chlorids 
accumulate in the remaining portion. This accumulation would sooner or 
lat.er be felt throughout the whole string of vats used for salt-making, par 
ticularly if they were built on one level, and supplied with new pickle with 
out certain precautions. Such conditions could not but interfere most 
seriously with the quality and quantity of the salt. Hence, as Dr. 
Goessmann emphatically says, the whole system of constructing and supply-
ing the salt-vats during the season should be arranged so as keep the 
new pickle as much as possible separate from that which is old and 
partially exhausted. 

It is with this object in view that he recommends the arrangement of a Mode ofwork­

string of salt-covers in three successive sub-divisions, numbering, respect- ing. 

ively, twenty, ten and three. With such a system "the supply of new 
pickle ought to be managed with the following precautions : First, draw as 
much of the remaining old pickle as possible from the second into the third 
division, then from the first into the second, and, finally, open the gates 
between the gypsum-room and the first salt-room, which is thus supplied 
with fresh pickle. Aim always at the most successful separation of the 
remaining old pickle before supplying the new. The last or lowest cover 
will thus, in the course of the season, receive almost all the inferior old 
pickle left from the previous charges of the string. The pickle thus accu-
mulating there will be more or less highly chatrged with the chlorids of cal-
cium and magnesium, and a few weeks trial in the next season will soon 
indicate the point where salt-making profitably ceases." As already 
remarked, this impure or worthless pickle is much denser than saturated 
brine, and its value diminishes with the increased specific gravity, so that 

R 



Gypsum. 
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Dr. Goessmann informs us that a brine marking 30Q of Baume's areometcr 
is worthless for salt-making purposes. 

The site selected for solar salt-works should be on well-drained land, free 
from stagnant waters ; the vats should never rest upon the earth, and 
should turn their open front towards the prevailing currents of air. 

As regards the sulphate of lime, the only foreign material present in any 
notable quantity in the brines of the Goderich region, it is to be remarked 
that it separates with the salt, during the process of solar evaporation, in 
the hydrated form, as small ncedle-shapeii crystals of gypsum, which fill 
up, more or less, the cavities in imperfectly developed crystals of salt, 
adhere to the outside of these, or are mixed, in a loose state, with the 
bulk of the salt. This latter condition " enables the careful manufacturer 
to separate a considerable portion of the gypsum by subjecting the salt to 
a careful washing before harvesting it. An accumulation of a certain 
excess of sulphate of lime within the salt-vats, towards the close of the sea­
son, is almost unavoidable, and it is, for this important reason, very 
advisable to return the small-sized crystals of solar salt-for instance, the 
scrapings of the salt-vats-at the end of the salt-making season, to the gyp­
sum-rooms. This precaution will not only secure an additional return of 
a superior quality of salt, afterwards, but will leave the excess of sulphate 
of lime where it properly belongs ;" the yet unsaturated brine of the 
gypsum-room disoolving the salt, but leaving the gypsum behind. " To 
start the solar salt-making anew from time to time-for instance, every 
spring and fall before closing up the works,-is, on account of many 
advantages, very advisable." 

The average amount of sulphate of lime in the solar salt of Syracuse, as 
calculated from the analysis of a good recently prepared pickle, need never 
exceed 1·5 per cent., which amount is considerably less than some of the 
best and most valued foreign coarse salts contain. The smaller quantity of 
sulphate of lime actually observed in the solar salt from the first gathering 
of the season, as well as in the coarser grained portion of the second crop, 
(from 1·315 to 1·316 per cent.) and the more or less increased propor­
tion of it in the finer portion of the various crops, particularly in the last 
crop of the season, confirm the above statements. Its uniform distribution 
throughout the whole of every crop, remains, therefore, the sole object of 
the manufacturer. Sulphate of lime is generally not considered as inter­
fering with the effects expected from good solar salt, yet being a matter 
foreign to salt, and apparently not directly promoting its specific action, a 
reduction of its proportion in salt should be sought, if for no other reason, 
for that of improving the appearance of the product. The means of 
effecting this has already been pointed out in the preceding paragraph. 
The proportion of sulphate of lime to 100 parts of the solid matters of the 
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Goderich brine is shown by the table on pages 234-35 to be considerably less Goderich and 

th . th d"l t b · f >;;: b l e d · Syracuse brine&. an m e more i u e rmes o .._,yracuse; ut t te 1ormer, urmg concen-
tration to tbe conditi0Il of a pickle such as is required for solar salt, deposits 
a considerable portion of the sulphate, so that in the pickle it amounts only 
to 1·54 per cent. ; while the Goderich brine, brought to the same condition, 
holds, on account of its greater purity from the noxious earthy chlorids, an 
amount of sulphate equal to about 2·0 per cent., or nearly as much as a pure 
saturated solution of salt. From this it will be seen that, while free, to a 
remarkable extent, from the ehlorids of calcium and magnesium, whose 
presence is so prejudicial, the Goderich brines contain of the sulphate of 
lime a somewhat larger proportion than the Onondaga salt. This compound,as 
already remarked, is however no way injurious to the quality of the salt; 
in fact, the best Ashton and Turk's Island salt contain rather more sulphate 
oflime than that of Syracuse. It is, as already remarked, the earthy chlorids 
which not only injure the grain of the salt, render it liable to get moist in 
a damp atmosphere, but prove injurious to the flavor of butter, to which 
they impart a bitter taste. The presence of these in the ordinary salt of 
Syracuse having been recognized as impairing its value for the uses of the 
dairy, the treatment of the boiled, and in some cases of the solar salt by a 
small portion of carbonate soda, as described on page 227, has been resorted 
to, producing what is known by the trade-mark off actory-filled salt, and, Factory-filled 

being entirely frp,e from the earthy chlorids, is peculiarly fit for the salting salt. 

of butter. It is said that while for any other purposes than for the preser-
vation of butter the presence of small quantities of earthy chlorids is of 
little or no importimce, a very small proportion of them suffices to impair the 
delicate flavor of butter. As our brines contain on an average only one-
fifth or one-sixth as much of these objectionable compounds as those of 
Syracuse, it follows that with the same care in making the salt, either by 
boiling or by solar evaporation, a salt would be obtained a holding much less 
proportion of these chlorids than the ordinary salt of Syracuse, and 
scarcely requiring the subsequent cheinical process which is there applied 
for their removal. 

ADVANTAGES OF THE GODERICH REGION FOR SALT-MAKING. 

The finding of salt at Goderich attracted, early in 1867, the attention 
of the Onondaga Company, and Dr. Goessmann, who was sent to examine 
and report upon the new discovery, visited the region for that purpose in 
June, and again in December 1867; his object being to verify the truth 
of the statement made in my Report, published in the spring of 1867 , that 
the brine of Goderich was the strongest an:l the purest known, and also to 
determine what were the facilities offered by that region for the manufac­
ture of salt. In his Report thereon, addressed to the Onondaga Company, 
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and dated January 1868, Dr. Goessmann thus sums up the result of his 
examination as to these two points :-

" The present brine of Goderich is not only one -0f the most concentrated 
known, but also one of the purest, if not the purest, at present turned to the 
manufacture of salt." After referring to the discovery of salt at Clinton, Dr. 
Goessmann proceeds : " Goderich possesses, in a high degree, all necessary 
additional resources and facilities for the manufacture of salt and its trans­
portation to all the important commercial points in the western lakes, and 
is, therefore, the most formidable competitor which the salt-works of the 
state of New York have ever yet had to contend with." In confirma­
tion of the statements made l:iy me in preceding pages, I make the follow­
ing citations from the Report in question, premising that they carry the 
greatest weight, from the known scientific accuracy of Dr. Goessmann, and 
from the fact that he has, as chemist to the Onondaga Company, devoted 
himself for years to the study of the salt-manufacture :-

It has been shown by the analyses on page 221 that on pumping the 
Goderich Company's well the density of the brine fell from 100° to 95°, 
while the amount of sulphate of lime increased. These changes were 
already apparent when, in April, 1867, Dr. Goessmann received samples 
of the brine and of the boiled salt for examination. His analysis of the 
former has already been given on page 221, II. He proceeds to remark: 
" The two samples of brine tested by Dr. Hunt and myself differ in 
strength by about 1.75 per cent. of salt. The difference in regard to the 
percentage of gypsum, which effects but little the relative commercial 
value, may find a satisfactory explanation, etc. * * * The proportion 
of gypsum obtained by myself is still somewhat less than that contained 
in the Onondaga brines. Comparing the results of both analyses in regard 
to the percentage of chlorid of sodium contained in the Goderich brine with 
that' known to be in the average of the brines of Onondaga, (about 16 
per cent.) we notice that the GoQ.erich brine in either case exceeds the 
former by~ about 50 per cent. of salt, or more; while the proportion of 
obnoxious deliquescent chlorids contained in the Goderich brine amounts 
to only one-fourth or one-fifth of that found in the brines of Onondaga." 

Annlysis of " A sample of boiled salt from the Goderich works gave as follows :-
Goderich salt. 

Chlorid of sodium.............................. .... ......... .. 97.0309 
Chlorid of calcium.. ........ ...... . .................... ...... . .0072 
Chlorid of magnesium.......................................... .0313 
Sulphate of lime........ . • . . . . . . . . . . • • . . . . . . . . . . . . . . . . . • . . . . . . 1.4306 
Moisture. . • . . . . . . . . . . • • . . . . . . . . . . • . . . • . • . . . . . . . . . . . . . . • • • . 1.5000 

100.0000 

" This sample of salt, in a dried state, would contain not less than 98.5 
per cent. of chlorid of sodium or pure salt. -,. Itiranks, consequently foremost 
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among the common fine salt (boiled) in the market. In the percentage 
of the deliquescent chlorids of calcium and magnesium, which are consid­
ered the most obnoxious component parts of brine or salt, it compares most 
favorably with the best foreign and domestic salt. In fact the composition 
of the Goderich brine is such as to warrant, a priori, with but little care, 
a superior salt, common, fine and coarse. The commercial value of the 
brine of Goderich, in consequence of its superior purity as compared with 
the brine of Onondaga, is, judging from the previous statements, quite 
obvious. The Michigan (Saginaw) and Ohio River brines, I need scarcely 
add, have still less chance to compete on anything like equal terms." 

" The salt," he adds, further on, " is, after separation from the pickle, 
as might have been expected from a brine like the Goderich, of a superior 
color, and of a hard and fine grain, resembling the best brands of home 
and foreign manufacture, and this result is attained without any but the 
ordinary care required for the manufacture of common fine salt. It wil 
be noticed that the sole objection which may be urged against the Goderich 
brine is merely incidental, for the brine is too strong to be worked to its 
full advantage by the system of manufacture at present pursued." 

The low price at which English salt is imported makes it probable that Cost ofm1Lklng. 

the product of the Goderich region can scarcely compete with it in that part 
of the Dominion to the east of Lake Ontario, while the wells already sunk 
are probably more than sufficient to supply the remaining portion of the 
country. From these considerations it would seem that the only chance 
for a further development of the salt resources of the Goderich region is 
be found in the United States market. The present duty on salt entering 
that country amounts, however, to twenty-four cents in gold on 100 pounds 
of packed salt, and eighteen cents on 100 pounds of loose salt, making it, 
upon the barrel of 280 pounds, $0.67 2 • By a proper system of evapo-
ration, either by solar heat, or by a more economical use of fuel, as has 
been already pointed out, Dr. Goessmann conceives that the net cost of 
the barrel of fine salt, the barrel included (which costs 30c.), should not 
exceed $0.70, while the freight from Goderich to Chicago would cost lOc. ; 
to this he adds for storage, landing, selling, etc., at Chicago, $0.2H, 
making the cost of a barrel of fine salt from Goderich, delivered at 
Chicago, $1.68v. This, at the price ruling in January, 1868, would 
leave a small margin for profit, which might be increased if the salt were 
shipped loose, and thus entered at a reduced duty. For this traffic the 
position of Goderich, on the lake, and at the terminus of a railway, offers 
very great advantages ; and, but for the duty against which it has to con-
tend, it see!Ds probable that the salt region of Goderich, stretching, appar-
ently, to Clinton on the one side and to Kincardine on the other, might, 
from the greater purity and strength of its brines, command the market of 
the north-western United States. 

' 
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Table giving a comparison of different expressions 

Degrees; Degrees; Spcilic Per cent. Grains of Salt Gallons for a 
Salometer. .Baum~. gravity. of Salt. in one pint. bushel of Salt . 

0 0 1.000 0 0 Infinite. 
1 .26 I 1.002 0.26 19 2599 
2 .52 1.003 o.51 38 1297 
3 • 78 1.005 o. 77 56 863 
4 1.04 1.007 1.03 75 647 
5 1.30 1.009 1.28 94 516 
6 l. 56 1.010 l. 54 114 430 
7 1.82 1.012 1.80 133 368 
8 2.08 1.014 2.06 152 321 
9 2.34 1.016 2.31 171 285 

10 2.60 l. 01'7 2.57 191 256 
11 2.86 1.019 2.83 210 232 
12 3.12 1.021 3.08 229 213 
13 3.38 1.023 3.34 249 196 
14 3.64 l.025 3.60 269 182 
15 3.90 1.026 3.85 288 169 
16 4.1.6 1.028 4.11 308 158 
l'7 4.42 1.030 4.37 328 149 
18 4.68 1.032 4.63 348 140 
19 4.94 1.034 4.88 368 133 
20 5.20 1.035 5.14 388 126 
21 5.46 1.037 5.40 408 120 
22 ·5. 72 1.039 5.65 428 114 
23 5.98 1.041 5.91 448 109 
24 6.24 1.043 6. l'T 469 104 
25 6.50 1.045 6.42 489 99.7 
26 6. 76 l.046 6.68 510 95.7 
27 7 .02 l.048 6.94 530 92.0 
28 7.28 1.050 7. 20 551 89.5 
29 7.54 1.052 7.45 572 85.3 

\ 

30 7.80 1.054 7.71 592 82.3 
31 8.06 1.056 7.97 613 79.5 
32 8.32 1.058 8.22 634 76.9 
33 8.58 1.059 8.48 655 74.5 
34 8.84 1.061 8.74 676 72.l 
35 9.10 1.063 8.99 697 69.9 
36 9.36 1.065 9.25 719 67.9 
37 9.62 1.067 9.51 740 65.9 
38 9.88 1.069 9.77 761 64.1 
39 10.14 1.071 10.02 783 62.3 
40 10.40 1.073 10.28 804 60.6 
41 10.66 1.075 10.54 826 59.l 
42 10.92 1.077 10. 79 848 57.6 
43 11.18 1.079 11.05 869 56.1 
44 11.44 1.081 11.31 891 54.7 
45 11. 70 1.083 11.56 913 53.4 
46 11.96 1.085 11.82 935 52.2 
4'1' 12.22 1.087 11.08 957 50.9 
48 12.48 1.089 12.34 979 - 49.8 
49 12. '1'4 1.091 12.59 1002 48.7 
50 13.00 1.093 12.85 1024 47.6 
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for the strength of Brine from zero to saturation. 

Degrees; Degrees; Specific Per cent. Grains of Salt Gallons for a 
Salometer. Jlaume. gravity. of Salt. in one pint. bushel of Salt. 

51 13.26 1.095 13.11 1047 46.6 
52 13.52 1.097 13.36 1070 45.6 
53 13.78 1.100 13.62 1092 44.7 
54 14.04 l. 102 13.88 1115 43.8 
55 14.30 1.104 14. !3 l 137 42.9 
56 14.56 1. 106 14.39 1160 42.0 
57 14.82 1. 108 14.65 1183 41. 2 
58 15.08 1.110 14.91 1206 40.4 
59 15.34 1.112 15.16 1229 39.7 
60 15.60 1.114 15.42 1252 38.9 
61 15.86 l.116 15.68 1276 38.2 
62 16. 12 1.118 15 .93 1299 37. 5 
63 16.38 1. 121 16. 19 1322 36.9 
64 16.64 1.123 16.45 1346 36.2 
65 16.90 1.125 16.70 1370 35.6 
66 17.16 1.127 16.96 1393 35.0 
67 i 17 .42 1. 129 17.22 1417 34 4 
68 17.68 1.131 17.48 1441 33.9 
69 17.94 1.133 17.73 1465 33.3 
70 18.20 1.136 17. 99 1489 32.7 
71 18.46 1.138 18.25 1513 32.2 
72 18.72 1. 140 18.50 1538 31. 7 
73 18 .98 1.142 18.76 1562 31. 2 
74 19. 24 1.144 19.02 1587 30.7 
75 19.50 1.147 19.27 1611 30.3 
76 19. 76 1.149 19.53 1636 29.8 
77 20.02 1. 151 19. 79 1661 29.4 
78 20.28 1. 15i 20.05 1686 28.9 
79 20.54 1.156 20.30 1710 28.5 

. 80 20.80 1.158 20.56 1736 28.1 
81 21.06 1.160 20.82 1761 27.7 
82" 21.32 1.163 21.07 1786 27.3 
83 21.58 1. 165 21.33 1811 26.9 
84 21.84 1.167 21.59 1837 26.5 
85 22.10 1.170 21.84 1262 26.2 
86 22.36 1.172 22.10 1888 25.8 
87 22.62 1.175 22.36 1914 25.5 
88 22.88 1.177 22.62 1940 26.1 
89 23.14 1.179 22.87 1966 24.8 
90 23.40 1.182 23.13 1992 24.5 
91 23.66 1.184 23.39 2018 24.2 
92 23.92 1.186 23.64 2045 23.8 
93 24.18 1.189 23.90 2072 23.5 
94 24.44 1.191 24.16 2098 23.2 
95 24.70 1.194 24.41 2124 23.0 
96 24.96 1.196 24.67 2151 22.7 
97 25.22 1.198 24.93 2178 22.4 
98 25.48 1. 201 25.19 2205 l 22.1 
99 25.74 1.203 25.44 2232 

I 
21.8 

100 26.00 1.205 25.70 2259 21.6 ... . .... ..... . .... .... . ... 
• 
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The preceding table is extracted from Professor Alexander Winchell's 
Report on the geology of Michigan, published in 1861. An abstract of 
it was given in my Report for 1866, but it has been thought advisable to 
re-print it at length as a guide to our salt-manufacturers. Pure water 
dissolves at ordinary temperature a little over one-third its weight of salt, 
or from thirty-five to thirty-six hundredths. The amount varies somewhat 
with the temperature, and the results of different experiments are more­
over not perfectly accordant, but from the most accurate observations it 
appears that 100 parts by weight of pure saturated brine, at temperatures 
from 32° to 70° F., contain from 26·3 to 26·7 parts of salt. Some 
earlier determinations however, gave but 25·7 parts, and upon this figure 
the table was calculated. 

Tho specific gravity of a saturated brine at 60° F. is 1·205, pure 
water being 1,000. The salometer employed in many salt-works for 
fixing the value of brines is an areometer with an arbitrary scale divided 
into 100 parts. The density of pure water on this scale is represented 
by 0°, and that of saturated brine by 100° ; each degree of the salometer, 
therefore, corresponds very nearly to one-quarter of one per cent of 
salt. The areometer or hydrometer of Baume has also an arbitrary scale, 
but it is an instrument in common use and may convenient\y replace the 
salometer. In the following table the true specific gravity, with the corres­
ponding degrees of the salometer, and of the hydrometer of Baume are given 
in the first three columns. The succeeding columns give the percentage 
of salt in a pure brine for each degree of the salometer, the number of 
grains of salt to the wine pint of 3G·6:l5 cubic inches, and the number of 
gallons of such brine required to yield a bushel of salt, weighing 56 pounds. 
These latter numbers are based upon the supposition that a saturated brine 
contains only 25·7 per cent of salt, but if we take into account the effect of 
the small quantities of earthy chlorids and other impurities which ordinary 
brines contain, they will be found not only sufficiently accurate for all 
purposes but nearer the .truth than if based upon the composition of a 
perfectly pure brines . 
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II. IRON AND IRON ORES. 

The iron ores of Canada have been described at considerable length in 
the Geology of Canada, in 1863, and the Report for 1866 contains farther 
notices of those found in the county of Hastings, with details as to former 
experiments in working them, on pageg 98-103 and 107-113 ; besides 
notices of localities on the Ottawa, at page 20, and an account of the mode 
of their occurrence among the Laurentian rocks, which will be found on 
pages 214-216 of the same Report. 

The principal iron ores of Canada are, lst, the magnetites and hema- C'assification, 

tites of the Laurentian and Huronian systems ; 2nd, similar ores in the 
Quebec group, in the Eastern Townships of the province of Quebec ; 3rd, 
the bog ores or limonites of recent origin ; and 4th, the iron sands, to which 
attention has recently been called. In the above enumeration the provinces 
of Quebec and Ontario are alone included ; the iron-deposits of the pro-
vinces of Nova Scotia and New Brunswick will be made the subject of 
future study. It is proposed in the present report to call attention to 
some facts in the history of the first and the last of these four classes, and 
to give the results of some analyses of these ores. 

The iron ores of the Laurentian system are, for the greater part, of the 
magnetic species, and are similar in geological relations and in mineralo­
gical characters to the ores which occur in the same system in northern 
New York, and. in the Highlands of southern Ne"W York and New Jersey, 
where they have long been mined to a great extent. Similar ores, more­
over, abound in Norway and Sweden, where they occur in rocks of the 
same age, and furnish great quantities of very pure iron, which is famous 
throughout the markets of the world. Having had opportunities at the 
Exposition at Paris, in 1867, to learn many facts about the iron-industry of 
these countries, I have thought it would be well to embody some of them 
in the present report, as likely to prove valuable to the mining interests of 
the Dominion. A large portion of both Norway and Sweden is occupied or~> ?f Norway 

. • • • and Sweden. 
by old gneisses of the Laurent1an system, which also compnse the greater 
part of the provinces of Ontario and Quebec. This geological resemblance, 
with somewhat similar conditions of soil and climate, gives to any facts 
relating to the mineralogy and metallurgy of those northern regions, a special 
interest to the people of Canada. 

In the year 1865, according to official data, there were extracted in 
Sweden 492,4 7 4 tons of iron ore, employing 5,062 workmen. The mines 
or openings from which this amount of ore was raised, are stated to be 524 
in number, and some of them are evidently worked on a very small scale. 
The workings are ordinarily by open cuttings upon the beds or masses of Working, 

ore, which are described as being very generally in a nearly vertical atti-

s 
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tude, and in solid crystalline rock, requiring but little support by tim­
bering. The mineral is mined with powder, although nitro-glycerine has 
been tried to some extent. The pay of the workmen ranges from thirty to 
fifty cents per day, and the cost of the ore, when raised, is said to vary from 
one to two dollars for the ton of 1000 kilogrammes (2205 pounds avoirdu­
pois). With the exception of a small quantity carried into Finland, the 
whole of this ore is smelted in the country. The production of iron ores 
in Norway is much less than Sweden ; about 22,000 tons are raised 
annually, of which 2500 tons are exported, the remainder being smelted 
in blast-furnaces with charcoal. At one of the most important of these, 
that of Laurvig, where a remarkably fine iron is made for the American 
market, the cost of the ore at the furnace is stated at $1.80 the ton. 

In Sweden, and in Norway, charcoal is the only fuel employed for the 
reduction of the iron ores, except in some rare instances, where a mixture 
of charcoal and dry wood has been used in the blast furnace. Careful 
trials, however, appear to show that this admixture offers no advantages 
over the use of charcoal alone. About one-third of the surface of Sweden 
is covered with forests, which constitute an important source of wealth to 
the country, and of late years have been the object of care and attention, 
with a view to a due eco11omy of fuel and lumber. The trees of the Swedish 
forests, with the exception of the southern peninsula, where oak and 
beech are met with, are chiefly of coniferous or soft-wooded species, and 
the pine of the country ( Pinus sylvestris) is the one principally used for 
metallurgical purposes, the timber being sawn or hewn for lumber, while 
the branches are employed for the manufacture of charcoal. The wood is 
cut in the months of March and April, before the rising of the sap, and is 
divided into lengths of about eight feet, which are allowed to dry during 
the summer months. The charcoal-burning takes place in October and 
November, and is generally carried on in circular piles about tlfelve feet 
high and from twenty to thirty feet or more in diameter. The burning of 
a pile lasts from two to three weeks from the time of kindling. Expe­
rience has shown, in Sweden, that the economy is much greater when the 
wood is laid upon its side in the piles than when placed on end. In the 
latter case the yield of charcoal is from 60 to 62 per cent. of the volume of 
the wood, while in the former it is not less than 70 per cent. According 
to a Report to the Swedish Minister of Agriculture, Commerce and Pub­
lic Works, published in 1866, the average cost of labor for a pile yield­
ing from twelve to thirteen tons of charcoal, is 84 francs, which is equal to 
about $1.30 for the ton of 1000 kilogrammes. This price includes the 
cutting and drawing of the wood. 

The cubic meter or stere of 35·317 cubic feet of pine charcoal in Sweden 
weighs from 142 to 145 kilogrammes, so that the ton of 1000 kilogrammes 
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(2205 pounds) would measure very nearly 7 steres, or 24 7 cubic feet, . 
and the weight of the cubic foot of charcoal would be a little over 4 kilo- ~~~~~~~.of 
grammes, or 8.8 pounds, nearly. According to figures given by Grill, 
however, (Percy, Metallurgy of Iron, page 596) a ton of the charcoal 
used in the Lancashire hearths, in Sweden, measures not less than 297 
cubic feet. In the American iron-regions charcoal is bought and sold by 
the bushel, which is an arbitrary measure of about five pecks, equal, 
according to Overman, to 2600 cubic inches, and according to Osborn to 
2675 cubic inches, (the United-States standard, or Winchester bushel, 
measuring 2150.42 cubic inches.) Taking the latter figure, we·find that 
the American charcoal-bushel of Swedish pine-charcoal would weigh a 
little over 13.5 pounds avoirdupois. 

The experiments of Frangois, in the Pyrennees, give for the weight of the 
eubic meter of charcoal of beech and oak, from 218 to 235 kilogrammes, 
that of alder being 141, and that of pine and spruce from 152 to 173. He 
deduces as the mean for hard-wood charcoal 227, and for soft-wood, 170 
kilogrammes, corresponding respectively to 21.9 and 16.4 pounds avoir­
dupois for the charcoal-bushel as above. (Jules Frangois, .Des Min­
erais de Fer, etc., page 177.) The elaborate studies of Mr. Marcus 
Bull on the charcoal from North American woods, give the following as the 
weights, in pounds, of a bushel of dry charcoal from these kinds, among 
others: red cedar 12.52, white pine 15.42, yellow pine 17.52, white 
birch 19.15, and several varieties of maple and oak from 21 to 23 pounds.* 
This last is confirmed by the observation of Mr. Kennedy, at the Hull Iron­
works, who informed me that a bushel of mixed beech and maple, such as 
there used, weighed from 22 to 23 pounds. 

The cubic meter is equal to about 22.8 charcoal-bushels of 2675 cubic 
inches, and the price of the cubic meter of charcoal, which reaches 11t some 
furnaces, $1.30, is on an average, in Sweden, 85 cents, or about costofcoal. 

four cents the bushel. At the iron furnace of Laurvig, in Norway, the 
-cost of good charcoal is said to from to 60 to 70 cents the cubic meter. 

In a few localities in Sweden, where water-courses afford facilities for 
floating the wood to the furnaces, the charring is effected in ovens of a 
peculiar construction, furnished with an arrangement for condensing the 
acid and tarry products given off during the process. The plan of one of 
these furnaces, shown at Paris, in 1867, was similar to that figured by Dr. 
Percy, on page 125 of his first volume on Metallurgy, in which will be 
found discussed in great detail, the whole subject of charcoal-burning, 
on pages 10.7-142. 

• These results were pnblished in the Transactions of the American Philos. Society, 
for 1826, new series, pp. l-60, and are reproduced in the American edition of Knapps 
Technology, i, 24. · 
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Although the Swedish ores vary considerably in their richness, it may 
be calculated that, in general, about two tons of ore are required for one 
ton of cast iron, to produce which are consumed on an average about a 
ton of charcoal. It is evident therefore that, for the same cost of pro­
duction, the fuel can be transported much farther than the ore. Charcoal 
is often carried from localities where wood is abundant, to blast-furnaces in 
the vicinity of mines, a distance of twenty or thirty leagues. This is done 
in part by water or by rail, but for the transport of the ores from regions 
not easily accessible at other times, sledges are much used in the winter, 
which becomes the most favorable season for getting both the charcoal and 
the ores to the furnaces, which are generally as near as possible to the 
mines. In some cases the ores are carried for distances of ten or more 
leagues ; but this is generally when there is a back-freight of iron or other­
materials. The wages of a carter, with his horse, vary from $0.80 to $1.40 
per day, and the cost of transporting the ore is from 6y40 to 91

6
0 cents the 

ton for the English mile. 
The law with regard to mines in Sweden is as follows : The discoverei· 

becomes the owner of one-half, while the other half remains the property of 
the owner of the land, who can work it by sharing the cost with the dis­
coverer, or dispose of his share in the mine. A permission to work a new 
mine must be given by the magistrate ; and if left unworked during a cer­
tain number of years, without obtaining a special authorization from the 
magistrate to do so, or without performing annually an amount of labor ~ 
stipulated as necessary to retain possession of the mine, the permission 
lapses, and the mine can be taken up again by another party on the same 
terms as a newly discovered one. 

Many of these mines are worked on a small scale, by little proprietors, 
who sell their ore, or in other cases join their forces and construct, between 
them, a blast-furnace at a cost of from $12,000 to $14,000. Much of 
the iron manufactured in Sweden has, from the earliest period, been in the 
hands of peasants and small proprietors. The manufacture of cast iron in 
Sweden goes back abou\t 200 years ; previous to that time wrought iron was 
made from the ore by a direct method. Those regions where ore and fuel 
furnished conditions favorable to mining industry, were formerly consti­
tuted into districts, which were invested by the state with certain privi­
leges, and subjected to certain restrictions, one of which was to export 
beyond their limits all the cast iron manufactured within their respective 
districts. All of these restrictions are now, however, abolished. 

The total number of blast-furnaces in Sweden is about 300, of which 
219 were in blast in 1865, and instead of being grouped together, as in 
some other countries, they are, with few exceptions, isolated ; a single 
furnace being erected in some spot where a water-power and facilities 
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<>f transportation are met with in proximity to forests sufficient to afford 
:a supply of charcoal, the deposits of ore being pretty widely distri­
buted. The amount of ore raised in 1865 has been already stated at 
492,4 7 4 tons, employing 5063 workmen. The production of the various 
furnaces in the same year was 226,676 tons of cast iron, employing 
3683 workmen, whose wages ranged from $0. 30 to $1.40 per day. 

The ores vary in richness from the nearly pure magnetic or specular 
ores, containing as much as 70 per cent of iron, to those yielding not more 
than 28 per cent. The Swedish ores and irons have been made the 
subject of very minute and extended chemical studies, with raference to the 
proper composition of the charges, the nature and quantity of fluxes to be composition or 

added, the various impurities in the ores, and the influence of all these ores. 

upon the quality of the iron. Foremost in importance are considered 
the influence of sulphur, phosphorus and manganese. Both sulphur and 
lJhosphorus are regarded as especially detrimental to the iron destined for 
the forge, or for the manufacture of steel, and from these impurities the 
Swedish ores are generally very free, when compared with the ores of 
England and France, a purity which they may be said to share in common 
with the Laurentian ores of North America. The observations which have 
been made with regard to the Swedish ores, in this respect will, therefore, 
for the most part, be equally applicable to our own. The sulphur of the Sulphur. 

Swedish ores is generally present in the form of pyrites or sulphuret of iron, 
and may be expelled by roasting at a red heat, which completely oxydizes 
this substance. If, however, carbonate of lime is present at the same 
time, a portion of sulphate of lime is formed, by which some of the sulphur 
is retained, and can only be removed by subsequent washing with water, in 
which the sulphate is slightly soluble. It does not appear whether the 
use of water is ever thus resorted to. The ingenious furnace of West- alcination. 

mann, by which the waste gases from the blast-furnace are employed to 
effect the roasting and desulphurizing of the ore, is said to have been found 
thoroughly efficient in Sweden, and is now in use at Ringwood, in New 
Jersey, in connection with a blast-furnace, by Messrs. Cooper, Hewitt and 
Co. In some cases the roasting of the ores in Sweden is two or three 
times repeated. The heat is so great that they are more or less softened, 
and show a commencement of fusion. The magnetic ores, after this 
process, appear to be more readily reduced than before, though the roasting 
seems, from the result of analyaes at Fahlun, to have but little affected the 
state of oxydation of the iron. The favorable effect is probably due, in 
part, to the fissuring of the ore by the heat. The presence of even small 
portions of sulphur in wrought iron renders it, as is well known, brittle 
when hot, or red-short, as it is termed. For certain purposes, however, the 
presence of sulphur in cast iron is not objectionable. Thus, for casting 
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cannon, acc·ording to Rinman, a very strong metal is obtained by adding 
to the charge a small amount of sulphuret of iron, and in general for this 
purpose a charge is preferred free from phosphorus, but somewhat sulphu­
rous. The sulphur causes a larger proportion of carbon to remain in a 
combined state ; a very tenacious mottled cast iron is obtained, holding 
about 0.09 per cent of sulphur, and the quantity may even rise to 0.30 
or 0.50 per cent. The use of sulphurous ores, according to Rinman, like 
that of manganesian ores, enables us to obtain white iron when the furnace 
is running at its ordinary rate, and without any overcharge of ore. 

Phosphorus. Phosphorus, in like manner, though it renders wrought iron cold-short, 
gives to it a hardness which renders it peculiarly valuable for some 
purposes, as for boiler-plates, roofing-sheets, spades, shovels and hoes, and 
other utensils which are exposed to severe wear. In the metal for these, 
at least 0.1 per cent of phosphorus, and in that for fine castings as much as 
0.5 per cent, is considered advantageous, as contributing in the latter case 
to give greater fusibility and fluidity to the melted metal. But for the 
manufacture of steel, phosphorus seems to exert a highly prejudicial 
influence, and it appears from carefully-made analyses of Swedish irons, 
that their value in the Sheffield market, where their relative fitness for the 
manufacture of steel has been determined by experience, is, as shewn by 
Rinman, directly in proportion to their freedom from phosphorus. 

The amount of phosphorus in the ores of Dannemora, Bispberg, and 
some other of the Swedish mines does not exceed 0.005 per cent., while in 
some others, as Gellivara and Graengesberg, it rises to 1.3 and even 2.0 per 
cent. Some of these ores, like similar ores in northern New York, contain 
imbedded grains of phosphate of lime or apatite . It is, however, to be 
remarked that the whole of the phosphorus in the charge does not pass 
into the ores, and moreover, that the proportion of this element varies in 
different parts of the deposit, so that by a judicious admixture of the 
phosphuretted with purer ores, the resulting cast iron will not contain 
more than 0.15 per cent. of phosphorus, which does not render it unfit for 
ordinary uses. 

Manganese. Manganese is al.so conceived to exert an important influence, in more 
ways than one, upon the quality of iron. The Swedish ores not unfre­
quently contain a portion of this element, and when absent from any ore 
it is sought to be supplied by mixtures containing manganese. While the 
grooter part of it passes into the slags, a certain portion remains in the cast 
iron, and to its presence it is customary to ascribe a peculiar fitness in the 
resulting malleable iron for the manufacture of steel. It is, however, 
remarked that manganese is often wanting, without any observed inferior­
ity in the cast iron. 

The presence of titanium, and its influence upon iron, is a subjec t which has 
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of late been very much debated. While claimed by Mr. M:ushet, and some 
others, to exert a special and most beneficial influence on the quality of 
steel, this is denied by others. When ores containing titanium are smelted, Titanium. 

a small portion of this element, amounting in some cases to a little over 
one per cent., passes into the cast metal, and is said to increase its strength, 
besides giving it a peculiar mottled aspect. It seems, however, " doubtful 
whether any titanium remains in the bar iron or steel made from such pig 
iron, so that the improvement attributed to the use of titaniferous ore is 
probably due to some indirect action, rather than to the actual presence of 
titanium in the finished product. The evidence on this point is not suf­
ficiently clear to allow of any positive conclusion being formed." To the 
above statement of Bauerman, I may add that I have failed to detect any 
titanium in bloom iron made by the direct method from an iron ore con-
taining 16 per cent. of titanium, which will be described further on. 

Some remarks upon the composition and the results of analyses of the 
S11edish ores may not be without value, as serving for comparison with the 
iron ores of Canada. The iron, both of Sweden and of Norway, is made, 
with but few exceptions, from ores of the magnetic species. That of the 
famous Dannemora district, which supplies a great number of blast.fur- £.~~nemom 

naces, and produces an iron regarded as superior to all others for the manu-
facture of steel, occurs as an irregular interrupted belt, a mile and a half in 
length, which is imbedded in crystalline limestone, with a kind of petrosili-
cious rock, and has been mined to a depth of more than 100 fathoms. The 
composition of different portions of the deposit presents considerable varia-
tion. Average specimens from one of the most important masses, sent to 
the Paris Exhibition in a roasted state, as prepared for the furnace, showed 
considerable admixtures of silica, lime and magnesia, with some alumina. 
The sum of the united protoxyd and peroxyd of iron for these two ores, was 
respectively about 54 and 68 per cent., equalling 38·5 and 48·6 per 
cent of metallic iron. '.l'hese two ores were almost destitute of sulphur 
and phosphorus, and had the advantage, when mi."'l:ed, of yielding 
a fusible slag without the addition of any limestone for flux. Others 
of the Swedish ores are much richer in iron than these, while others, 
still, are very much poorer. Thus, at Taberg, an ore is mined, which Tabergore. 

consists of magnetic iron disseminated through a serpentine, (sometimes 
described as a uiorite), the magnetic oxyd constituting not more than one 
half of the mass. This ore, which contains at the same time, from 
6 to 10 per cent. ·of titanic acid, yields only about 25 or 30 per cent of iron. 
It is melted with about one-fourth its weight of limestone as a flux, and 
gives a white mirror-like cast metal, which yields an iron much esteemed for 
wire-drawing. Fuel being cheap in the neighborhood, this ore is exten-
sively mined and smelted. Bauerman states that attempts were made to 
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treat this ore, previously dressed so as to yield 43 per cent of iron, but for 
this purpose it was necessary to bring it to such a finely divided condition, 
that it was judged better to smelt it in its natural state, the expense due 
to the increased consumption of fuel, being counter-balanced by greater faci­
lity in treatment. Besides this of Taberg, other similar ores have long 
been smelted in Norway and in Finland. The ore from the Cristine mine 
at Krageroe, in southern Norway, is described as a brilliant black titanife­
rous magnetite, not very strongly attracted by the magnet, and intermixed 
with grains of quartz, and of greenish-black hornblende, with a little magne­
tic vyrites. It contained no phosphorus, but gave by analysis 42.0 per 
cent. of metallic iron, besides 15.10 of titanic acid and 19.9 of silica, with 
a small amount of earthy bases. Inasmuch as many of our Canadian 
ores are more or less titaniferous, the following notes with regard to the 
smelting this and other titaniferous ores are of much interest. They are 
extracted from a communication by Mr. David Forbes, in the Chemical 
News for December 11, 18G8. 

" The experience of the Scandinavian iron-masters has shown that the 
only objection to the use of titaniferous ores is that they are found to be 
more refractory in the blast-furnace, in proportion as they contain 
a greater percentage of titanic acid ; and if much titanium is present 
they require a so much larger amount of charcoal to smelt them as not to 
render their employment profitable in a country where other ores free from 
titanium can be obtained at a reasonable rate. After considerable expe­
rience in smelting the ore of Krageroe, which yielded a very good iron, it 
was found unprofitable to smelt it alone, for the above reason ; but its use 
was found beneficial when employed in about equal proportions with the 
other ores of the district, which were free from titanium." Mr. Forbes 
found, in his experience, that by employing a mixture of crushed quartz and 
limestone as a flux, when the proportion of titanium in the ore did not 
exceed eight per cent, or was reduced to this amount by admixture of 
ores free from titanic acid, no difficulty was experienced in working this 
ore cleanly and profitably. The iron produced >\'as free from phosphorus, 
gave but a trace of sulphur, and only 0·05 of titanic acid, which was sup­
posed to be mechanically present rather than chemically combined with the 
iron. Another very similar ore from Eger, which contained 38·89 per 
cent. of iron and 7·10 of titanic acid, was found to contain too much 
sulphur and phosphorus to be fit for bar iron, but yielded a good foundry-pig 
metal, which gave by analysis 0·26 of titanic acid. When smelted alone it 
was refractory, and did not yield a liquid slag, but it was readily fused when 
mixed, as at Krageroe, with ores destitute of titanium. 

The experience of the iron-masters in New York, who have endeavored 
to smelt the titaniferous ores of Lake Champlain, generally in admixture 
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with other ores, has been very unfavorable, but an attention to the above 
suggestions might probably enable them to overcome the difficulties hitherto 
encountered. Besides the great bed of ore at Bay St. Paul, holding 
nearly half its weight of titanic acid, Canada has large deposits of ores 
containing more or less titanium, some of which wjll be described farther 
on. In the Geology of Canada, page 501, I have shown that a massive Titanic ores. 
granular titaniferous ore from St. Frarn;ois, on the Chaudiere, in the pro-
vince of Quebec, consists of a mixture of about two-thirds of nearly pure 
magnetic oxyd of iron, and one-third of a titanic iron or menaccanite hold-
ing not less than 48 per cent of titanic acid. The two are, however, 
readily separable by a magnet, and it is probable that by a magnetic 
separating machine it will be possible to make use of this and of similar 
ores for the preparation of iron in the direct way, to which the purified 
magnetic oxyd is well adapted. The iron sands, which contain a large 
admixture of titanic iron, will be noticed in their place. 

In this connection I quote from Osborn's recently published volume on 
the Metallurgy of Iron and Steel, page 4 7 5, the following statements, which 
he gives as a communication from a Mr. Henderson, according to whom an 
ore from Norway, holding over 40 per cent of titanic acid, is now suc. 
cessfully smelted at Norton, in England, by a process patented by Player 
of New York. The ore is said to be smelted in small furnaces, with a 
blast at 1000° temperature ; 2 tons of coal being required to 2! tons of 
the ore, with 15 cwt. of limestone, and about 10 cwt. of basalt. The 
}Jig-metal thus produced is stated to contain very little carbon, and to be 
very easily puddled, producing a malleable iron of great tensile strength. 
Such ores are necessarily poor in iron, as compared with magnetic ores, 
and even if they can be readily smelted by the above treatment, it 
remains to be seen whether their use offers any real advantage. 

ANALYSES OF SOl\IE IRON ORES. 

The bed of magnetic ore, which has long been known at Hull, is des­
cribed in the Geology of Canada, page 674. The association of a portion 
of a red hematite with the magnetic ore, and of graphite with both, is des-
cribed in the Report of the Survey for 1866 , p. 216. Since then a large H1"', ontnrio. 
blast-furnace has been erected here, which for some time produced a 
superior quality of pig-iron ; but the working has been since abandoned, 
the economic results not being satisfactory. The two samples whose analyses 
are here given had been prepared for that purpose by l\fr. Kennedy, the 
director of the works, and selected so as to represent the average of the 
ore smelted. One of these, designated at the furnace as the red ore, was 
colored by an admixture of hematite, while the other was known as the 
black ore. The red ore gave as follows:-
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Peroxyd of irou .•.... .... ...•............. 
Protoxyd of iron ...............•.......... 
Oxyd of manganese ..........•.......•.•.. . 
Lime, as silicate ......•........••.••......•. 
Magnesia, as silicate .............•......... 
Carbonate of lime ....................... .. 
Silica .......•..••........•.............• 
Graphite ................................ . 
Phosphorus ..• . .•....... ... ....... . ........ 
Sulpi:ur ....••..••.... ... ... ... ........••• 

66 . 20 ~ 
1 7. 78 S =metallic iron 58. 78. 

traces. 
.76 
.45 

2.66 
10.44 

. 71 

.015 

.280 

99 . 295 

The black magnetic ore of Hull contains a considerable amount of silica, 
together with a portion of a hydrated silicate of iron and magnesia, which 
causes the ore to yield an olive-brown powder. When the magneti~ 

portion is removed from the pulverized ore by a magnet, there remains a 
considerable proportion of dull olive-colored earthy matter, which gives a 
pale brown streak, and is readily attached by hydrochloric acid, with sepa­
ration of fl.occulent silica. In the following analysis of an average sample 
of the ore the whole was treated together, and all of the iron is represented 
as magnetic oxyd. Neither of the ores from Hull yielded any titanic acid, 
and the black ore contained nei;her lime nor manganese. It gave 

l\Iagnetic oxyd of iron ..................•.. 
~Iagnesia. .............. · ........• , ... •.... 
Alumina ............ .......... ... ... ..... . 
Silica .......•.... .. . ................•...•• 
Water ........•............... . .......... 
Phosphorus .•.... .•. .... ....•.....•...... 
Sulphur ... .... ........... ........••..... 

73. 90 =metallic iron 53. 20. 
1.88 

.61 
20 . 27 
3.27 

.027 

. 085 

100. 042 

The height of the Hull blast furnace is 38 feet, its diameter at the 
boshes being 10 ~ feet, and at the throat 4 -f2 feet; the twyers are six in 

Furnace-charge number. The charge at the time of my visit, in August 1868, consisted of 
19 bushels of hard-wood charcoal, 450 pounds of the above ores, previously 
calcined, and mixed ·in equal proportions, and 110 -pounds of flux consisting 
of white crystalline limestone 65, clay 27, and silicious sand 18 pounds. The 
furnace was then yielding gray pig-iron, at the rate of 56 per cent for the 
ore, while the consumption of charcoal for the ton of metal, was 170 bushels. 
This was made from beech and maple, and as I was informed by l\Ir. 
Kennedy, weighed from 22 to 23 pounds to the bushel, being at the rate 
of 34 or 35 cwt. of charcoal to the ton of iron. 

The furnace was for a time in blast in 1867, and for a longer period, 
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in 1868. By the kindness of Mr. Phillip S. Ross, the secretary to the 
Canada Iron-Mining and Manufacturing Company, I have been furnished 
with a statement of the working results during that season. working at 

Hull. 
The furnace was in blast from April 27 to October 5, 1868, or 163 

days, during which time there were consumed as follows :-

Hullo.re............................. 1835H; tons. { 
Arnpr10r (McNab) ore................. 60}6 tons· 5 
Scrap iron ...•.••..•••...•...•....••..••....•.••..... 
Limestone (clay and sand not estimated) .... . .•...•..... 
Charcoal, soft wood at 4!c ........ .... 133. 573 b'Usbel,s. ~ 

" hardwoodatSc . ............ 95.947 " 
" mixedwoodat5~c .••••...•. 13 . 262 " 

Wood at $1.25 ..................................... .. 
Peat, 80 tons, yielding of coke ••••............•• . .. ..... 
Pig iron produced ............. . .............. ... .. .. . . 

1896 tons. 

7'1.Y; " 
211 " 

242, 782 bushels. 

25! cords. 
21H tons. 

I, 0402a.,. " 

The cost of the iron thus produced was as follows, per ton :-

For ore, fuel, and wages of men .•••...... ........ : ..••. $22. 60 
Salaries and general expenses. ......... .... .. ...... .... 3.10 

Cost ofa ton of pig iron at Hull .... ....... . ............ $26.50 

If we deduct from the total amount of metal produced, the scrap iron 
added, we obtain, as the average results during the season of 1868, the 
following figures :-

Daily production of pig iron . ....... . .. . . . . . .. . . . . .. . . . . 6~ tons. 
Yield of ore per ton................................... 54.5 per cent. 
Charcoal consumed per ton of iron (at 5}J!0 cents.)... ..... 235 bushels. 
Pent-coke " " .. .. . . .. .. .. .. .. .. . .. 47 pounds. 

Ifwe leave entirely out of the account the amount of peat-coke, and take 
the average weight of the charcoal at 18 pounds to the bushel, we shall 
have a consumption of 37i cwt. of charcoal to the tou. of iron, while, with 
hard-wood charcoal, there were consumed, as above, from 34 to 35 cwt. 
In Sweden, according to Bauerman, the average consumption of charcoal, 
for the whole country, is from 16 to 17 cwt., for the ton of white or mottled 
pig iron, and about one-third more, or from 21 to 22 cwt., for the ton of 
gray metal suitable for foundry purposes or for Bessemer steel. At 
Langshytta, the consumption is as low as l 3l to 14 cwt., for the produc­
tion of white or mottled iron, while the very poor ores of Taberg, already 
referred to (page 251), where the charge contains only 20 per cent of 
iron, require as much as 50 or 60 cwt. of charcoal per ton. 
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At the Greenwood furnace, near Marquette, on Lake Superior, is a 
charcoal furnace in which the unroasted ores of the region are smelted 
with a little crystalline limestone for flux, and yield 55 per cent of iron. 
To produce a ton of gray pig iron are consumed 140 bushels of charcoal, 
chiefly of maple, weighing from 16 to 20 pounds each, or about 23 cwt. of 
charcoal. At the Wyandotte works, near Detroit, where the red slaty 
hematite of Lake Superior is smelted, and yields on an average 65 per cent 
of iron, there are consumed 140 bushels of soft-wood charcoal, weighing 
14 pounds to the bushel, or 1 H- cwt. to the ton of iron. (Bauerman, 
Metallurgy of Iron, p. 206). The recent returns from American blast­
furnaces, published by Prof. Egleston, of the School of Mines, N cw-York, 
show that while many American charcoal-furnaces are still working in a 
very wasteful manner, the consumption of charcoal in some in New York 
and Michigan, is as low as 100 and 105 bushels. At the large blast­
furnaces of Port Henry, on Lake Champlain, where magnetic ores similar to 
that of Hull are smelted with anthracite coal, the average consumption is 
from 1.10 to 1.14 tons, equal to 22 or 23 cwt. of anthracite to the ton of 
pig iron. 

With these facts before us, it is clear that the rich ores of Hull, with 
proper management, should be smelted with 22 or 23 cwt. of charcoal, 
instead of from 35 to 38 cwt., the quantity actually consumed. This 
alone is sufficient to explain the failure to produce iron profitably at Hull, 
where the supply of rich ore is abundant, and the quality of the iron 
made was excellent. 

It is evident from the analyses of the ores above given that the addition 
of sand and clay to the charge was unnecessary, and that limestone alone, 
in proper proportion, would have been sufficient for the purposes of a flux. 
A series of samples of pig iron made at the Hull furnace, was taken by 
me for analysis, but the results not being yet complete, are reserved for a 
future report. It may be stated however that a sample of the white iron 
made with a mixture of peat-coke and charcoal, contained 0.085 of phos­
phorus and 0.28 of sulphur. This amount of sulphur may be due to the 
considerable proportion which, in the form of sulphate of lime, I have 
found in the ashes of some Canadian peats. 

St. Maurice.-In the well known blast-furnaces of Messrs. McDougall at 
St. Maurice, near Three Rivers, in the province of Quebec, where the 
bog ores of the region are smelted with a hot blast, the charge consists 
of 500 pounds of ore, with 25 pounds of limestone, and 16 bushels of 
mixed charcoal. The results for the month of December, 1868, showed a 
-0onsumption of 26,272 bushels of charcoal and 372 tons of ore, with a 
J7ield of 163t tons of iron, of which about eleven-twelths were soft grey 
pig. This gives a production, for the ore, of 43 per cent of iron, with a 
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consumption of 161 bushels of charcoal to the ton. The results of several st. Maurioo~ 
analyses of the ores of this vicinity, made by me in 1852, are given in Quebec. 
the Geology of Canada, page 511, and show them to contain more or 
less manganese, and a considerable proportion of phosphates. The ana-
lysis of a specimen of grey pig iron made at St. Maurice, in 1868, gave 
me the following results for 100 parts. 

Iron ...•....•. ....•.. ... ... . .... ..... not determined 
Graphite.... . • . . . . . . .. . . . . . . . . . . . . . .. . . . . . . • 2.820 
Carbon, combined...... . . .. . . . . . . . . . . . . . . . 1.100 
Sulphur... ...... .. . . . . . . . . . . . . . . . . . . . . . . . . . .025 
Phosphorus. .... ..... .. . . . . . . .. . . . . . . . . . . . . . .450 
Silicon.. • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .860 
Manganese . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . 1.240 

The average produce of the St. Maurice forges is about eight tons of 
iron daily, which is employed for foundry purposes, and is much esteemed 
for railway wheels. Some four years ago, a small quantity of wrought 
iron was manufactured from it, in a hearth-refinery, but the quality of the 
product was somewhat irregular, and the manufacture was abandoned. 
It is proposed, in a subsequent report, to give the results of farther studies 
of these and other irons. 

South Grosby. A large deposit of magnetic iron ore is found on an 
island in Mud Lake, on the Rideau Canal, in the township of South Crosby, south Croso:r-. 

Ontario. 
and not far from Newborough. (See Geology of Canada, page 674.) 
Considerable quantities of this ore have been mined, and shipped P itts­
burg, and to Chicago, for use in puddling-furnaces. This ore, however 
contains, besides an admixture of chloritic matter, a considerable proportion 
oftitanum, and more or less sulphur in the form of disseminated grains of 
pyrites. The specimen selected for examination was from a large block 
sent to the Museum of the Survey, by the Messrs. Chaffey, some years 
since. Its analysis showed the presence of considerable amounts of 
alumina, magnesia and water, which belong to the intermingled chloritic 
mineral. The iron is calculated as magnetic oxyd, although a portion, 
uncertain in amount, doubtless exists as protoxyd, in combination with the 
titanic acid, and with silica, besides that which enters into the composition 
of the sulphuret of iron present. An average sample yielded as follows; 

J\Iagnetic oxyd of iron.. . . . . . . . . . . . . .. . .. . . . 69. 7i =metallic iron 50 . 23. 
Titanic acid .. .. ...... ...... .... ...... • . . . 9. 80 
Magnesia . . . . . . . . . . . . . • . . . • . . . . . . . . . • . . . . 4. 5(} 

Alumina ........... ..... . .. ............ . 5.65 

Silica . . . . . . . . . . . . . • • . • . . . . . . . . . . . . . . • . . . 7. 10 
Water.................................. 2. 45 
Phosphorus. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 085 
Sul pbur . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . l. 520 = pyriies 2. 85. 

100 .875 
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An analysi> of another portion of this ore, by Dr. A. A. Hayes of Boston, 
gave 1.49 of sulphur, 5.04 of silica, 4.42 of magnesia, and 16.45 of titanic 
acid. When the pulverized ore is treated with a magnet, it is partially 
purified, the non-magnetic portion retaining the sulphur, and a large part 
of the titanum. The magnetic portion equalled 7 4.2 per cent, and con­
tained 54. 76 per cent of metallic iron and 5. 70 of titanic acid. 

!S'orth Crosby. North Orosby. A specimen of iron ore examined from what is said to 
be a large deposit on the land of Hon. George W. Allan of Toronto, 
is a bright crystalline magnetite, free from any visible trace of pyrites, and 
containing but a small amount of sulphur. Its analysis gave 

Magnetic oxyd of iron...................... 90. 14 =metallic iron 64. 90. 
Titanic acid ...... . . . . . . . . . . . . . . . • . . . . . . • • 1. 03 
Oxyd of manganese . . . . . • . . . • • . . . . . . . . . . . . traces. 
Alumina . . . • . . . . . . . • • • . . . • . . . • . . . . . . . . . . . 1. 33 
Lime. ... . ............................... .82 
Magnesia................................. . 84 

Insoluble................................ 5.25 
Phosphorus...... . . . • . . . . . . . . . . . . . . . . . . • • . 007 

Sulphur.. . • . . . • • . . . . . • • . . . . . . . . . . . . • . . . • . 120 

99 . 537 

The protoxyd and peroxyd of iron in this ore were separately determined, 
and found to be exactly in the proportions required by theory for the 
magnetic oxyd. The insoluble residue was chiefly white quartz, with a 
1ittle black mica and green pyroxene ; it was found in another specimen 
to equal 10.80 per cent. This is a very fine and valuable ore, and the 
deposit would seem to be worthy of careful examination. 

Belmont. B elmont. The great deposits of iron ore at Belmont have been des-
cribed in the Geology of Canada, page 676 and in the report for 1866, 
page 100. Since that time, extensive mining operations have there been 
carried on, and the ore has been shipped to Pittsburg, Pennsylvania. Much 
of this was found objectionable, on account of the considerable proportion 
of sulphur which it contained, but an excavation made in the immediate of 

Sand·pit ore. the former workings, and on what is called the Sand-pit bed, has yielded a 
much purer ore, to which reference is made in Mr! Vennor's Report in 
this volume, page 101. I obtained, by crushing several fragments of the 
ore, taken from a pile at the furnace of Messrs. Shoenberger & Blair, in 
Pittsburg, Pennsylvania, what seemed an average sample. It was reddish 
from an admixture of hematite, and yielded 

Magnetic oxyd of iron . . ••........•••••.... 
Magnesia ................................ . 
Lime . •...•..•• . ...•.........••.•. : .....•. 

72. 80 =metallic iron 52. 41. 
6.46 

.35 
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Carbonate of lime.. . . . . . . . . . . . . . . • • .. . . . . • 2. 40 
" " magnesia.. .. .. • .. .. .. . .. • . . . . 84 

Water................................... 3.50 
Insoluble.................................. 14. 73 
Phosphorus. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 035 
Sulphur.................................. . 027 

101.142 

The analysis of another sample of the Sand-pit ore gave of metallic iron 
48.99, water 3.65, carbonate of lime 8.03, carbonate of magnesia 0.48, 
and insoluble residue 16.52. The carbonates were removed, in both 
analyses, by acetic acid. The ore contains a considerable admixture of a 
magnesian silicate decomposable by hydrochloric acid, so that the inso­
luble residue contains a proportion of soluble silica, which, in the second 
analysis here given, was equal to 4.25 per cent. The remainder was a silicate 
of magnesia, iron and a little lime, approaching to pyroxene in composition. 
The determinations given in this paragraph are by my chemical assistant, 
Mr. Gordon Broome. 

Madoc. The Seymour ore-bed in 1\Iadoc is described in the Geology of :Madoc. 

Canada, page 675, and is further noticed in the Report for 1866, page 98. 
It was formerly mined and smelted to a small extent, and is a fine grained 
magnetite, free from pyrites. The analysis g:1Ve me 

Magnetic oxyd of iron.... • . . . . . . . . . • . . . . • • 89 . 22 = metallic iron 64.23. 
Insoluble.......... . . . . . . • . • . . . .. .. . . . . . . . 10. 42 
Phosphorue. . . . . . . • . . . . . • . . . . . . . . . . • . . . . . . o 12 
Sulphur............ . .................... . 073 

99.725 

The solution of the ore in hydrochloric acid held neither lime nor man­
ganese. The insoluble residue was decomposed by heating with a mixture 
of fluorid and sulphate of ammonium, and gave magnesia 17.15, lime 11.01, 
protoxyd of iron 11. 95, silica, by difference, 59 . 89 . This is the compo­
sition of actinolite, a mineral which is occasionally found in radiating 
masses in the midst of the ore. 

McNab. The hematite of McN ab is described in the Geology of McNab. 

Canada, page 677. It has been mined to some extent, and shipped to the 
United States, and was also used in a small amount at the Hull iron­
furnace in 1868, as already described. It is a purplish-red compact or 
finely crystalline ore, and holds small quantities of silicious matter and of 
carbonate of lime irregularly disseminated. An analysis by me made in 
1847, and cited in the Geology of Canada, gave peroxyd of iron 84.10, 
carbonate of lime 8.80, silica 4. 00. A more complete analysis of another 
specimen has since given me as follows : 
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Peroxyd of iron........................... 84.42 =metallic iron 59 . 09. 
Carbonate of lime.. . . . . . . • • . . . • . . . • . • . . . . 5. 40 

" " magnesia . . . . . • . . • . . . . . . • . . . 1. 05 
Insoluble...... . . . . . . • • • • . . . . . • . • . • • . . . . . 7 .16 

Phosphorus. . . . . • . . . . . . . . . . . . . . . . • . . • . . . . . . 030 
Sulphur................................. . 065 

99. 125 

G1·os Cap, Lake Superior. The deposit of hematite which occurs at 
Gros Cap, on the north side of Michipicoten Harbor, has been described by 
Mr. Macfarlane in the report for 1866, page 130. A specimen of the ore, 
selected by him, was submitted to analysis, with the following results. 

P eroxyd of iron. . • . • • . . . . . . . . . . . . . . . . • • • . . . . . . . • . • • . . . . . 86. 80 
Insoluble.... .. . . . . . . . . . . . . • . .. .. . • . . .. . . . . . . .. . . . . . . . . 12. 75 

Phosphorus...... . . . . . . . • . • . • . . . . . • . . . . . . . • . • . . . . . . . . . • traces . 
Sulphur. ........... .................................... .092 

911.642 

This ore contained no lime, and the insoluble residue, which was white, 
appeared to be pure silica. 

Bay of S even Islands. On a small stream known as the Rapid 
River which empties into the Bay of Seven Islands, there occurs, a few 
hundred yards from its mouth, a great mass of iron ore imbedded in the 
norite or Jabradorite rock of the country. The ore, with the exception of 
an occasional included portion of norite, appeared to occupy the bed and 
both banks of the stream for a breadth, east and west, estimated at about 
500 yards, and is said to extend for some distance north and south, but, 
owing to a heavy storm at the time of my visit, its limits were not ascertained. 
The ore is black, brilliant and somewhat coarsely granular. It holds imbedcled 
grains of feldspar, with what appears to be pyroxene, and some iron 

Titanic iron ore. pyrites. Although pretty strongly magnetic, it contains a large amount of 
titanium, a partial analysis of an average sample yielding for 100 parts 

Protoxyd of iron...... . . . . . • . . . . .. • . . . . . . . 49. 77 =metallic iron 38. 70. 
Titanic acid . . . • . . . . • • . • . . • • . . . . . . . . . . . . . 34. 30 
Insoluble.. . . . . • • . . . . . . . . . . • . . . . . • . • • . . • 6. 35 

90.42 

The other bases, derived from the admixture of silicates, were not deter­
mined. When pulverized and treated by a magnet it was separated into 
two portions, one strongly magnetic, equal to 57 per cent. The remainder 
gave by analysis 51.14 of titanic acid, and 39.75 of peroxyd of iron ~ 
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besides 8.30 of insoluble residue. The magnetic portion, contrary to what 
might have been expected from the readiness with which it was attracted 
by the magnet, contained not less than 24.80 per cent of titanic acid. It 
was nearly free from silicious impurities, and almost wholly soluble in 
hydrochloric acid. The existence of a highly magnetic compound, con­
taining so large a proportion of titanum, is interesting, and the substance 
deserves further study,-meamvhile, as an iron ore, it must take its place 
with the highly titanic ores, like that of Bay St. Paul, to which reference 
has already been made. Should it ever be found advantageous to work 
such ores, the deposit at the Bay of Seven Islands may be made to 
furnish a very largo quantity. 

IRON SANDS. 

The silicious sands of most regions contain a greater or less proportion 
of heavy black grains, which consist chiefly of some ore of iron. The 
source· of these is easily traced to the crystalline rocks which, by their Black sands. 

disintegration, have given rise to the sands, and which, in addition to occa-
sional beds or masses of iron ores, generally hold disseminated grains of 
magnetite, hematite, titanic iron ( menaccanite or ilmenite of mineralogists) 
and more rarely chromic iron ore. In the process of washing earth and 
sand for gold, diamonds, or tin ore, considerable quantities of these black 
iron sands are met with, and, from their high specific gravity, remain when 
the lighter portions are washed away. The chromic iron ore is compara-
tively rare, and confined to certain districts ; the hematite, with the 
exception of some crystalline varieties, is generally too soft to resist the 
abrading forces which have reduced the solid rock to sand, so that the 
black grains, in most districts, consist chiefly of magnetic and titanic iron 
ores. In the gold-bearing alluvions of the Chaudiere region in Canada, 
the sands obtained in washing for gold, when purified as much as possible Gold onuvions. 

by washing, were found to hold eighteen per cent. of magnetic iron. The 
non-magnetic portion was soluble in acids and fused bisulphate of potash, 
with the exception of 4.8 per cent. of silicious residue, and the solutions 
contained, besides iron, a considerable proportion of chromium, and 23.15 
per cent. of titanic acid, derived from the titanic iron ore, which made up 
a large portion of the sand. (Geology of Canada, page 520.) 

The proportion of these ores to the whole mass of ordinary silicious 
sands is, generally, by no means large, but the action of moving water 
effects a concentration of the mixture, separating the lighter silicious grains 
more or less completely from the heavier portions, which consist chiefly of 
the iron ores, generally with a small quantity of grains of garnet. This 
separation is effected, on a large scale, by the action of the sea, under the 

T 
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influence of the winds and tides, and the result of this action occasionally 
Iron-sand beds. gives rise to remarkable accumulations of these heavy iron sands, along 

the present sea-beaches. A similar process in past ages, during the depo­
sition of the stratified sands, which are now found at heights above the sea. 
level, has sometimes arranged the iron grains in layers, which are seen to 
alternate with the lighter silicious sands, as in the deposits of to-day. 

Accumulations of these iron sands are met with in many countries. 
They are found on the shores of Great Britain, along the bo1,ders of the 
Baltic and the Mediterranean, and abundantly on the coast of New Zealand. 
In some parts of Hindostan and Madagascar the grains of iron ore are 
extracted by washing from the sands of the country, and employed by the 
natives in their primitive furnaces, for the manufacture of iron on a small 

New Zealand. scale. The iron sands of New Zealand have of late attracted particular 
attention from their great extent and richness. According to Hochstetter, 
the shore of the northern island from Kaipara to Taranaki, a distance of 
180 miles, is bordered with a thick layer of iron sand, which contains, 
according to different analyses, from six to eleven per cent. of titanic acid. 

In North America, black iron sands abound in many places. They occur 
in great quantities in the lower St. Lawrence, as will be hereafter 
described, and are JP.et with, in smaller amounts, at various points to the 
south-westward, along the valley of the St. Lawrence and the great lakes. 

western lakes. Thus, a deposit of black sand at the outlet of Lake Huron, near Samia, 
attracted some attention, a few years ago ; while along the north shore of 
Lake Erie this sand is, in some places, found in such quantity that attempts 
were, it is said, made, more than twenty-five years since, to collect it and 
smelt it with an admixture of bog ore, which was then treated in a blast­
furnace, at Normandale, Norfolk county, Ontario. 

These black sands are likewise met with at various points along the 
coast of the United States, particularly on the shores of Connecticut, 
where they early attracted the attention of the colonists, and were suc-

Early workings. oessfully worked more than a century since. The following details relating 
to the history of these early and little-known trials, are so interesting that 
I may be pardoned for introducing them here. It appears by a letter from 
Mr. Horne, a steel-maker and cutler of London, addressed to Mr. John 
Ellicot, F.R.S., and read before the Royal Society of London, March 3, 
1763, that, at that time, the Society for the Encouragement of Arts and 
Manufactures was occupied with the question of the Virginian black sand, 
as it was called. Already, before 1742, one Dr. Moulen, of the Royal 
Society, had made some unsuccessful experiments to determine the nature 
of this magnetic sand, but in that year Mr. Horne, having procured a 
quantity of it, succeeded, as he tell us, in extracting from it more than one­
half of its weight of fine malleable iron. He seems, however, to hav(pub-
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lish
0

ed nothing upon the subject until after Mr. Jared Elliot had made known, 
twenty years later, by a pamphlet and a letter addressed to the Society 
0£ Arts, and subsequently by a letter in reply to Mr. Horne's inquiries, Elliot's trials. 

that he was then making malleable iron from the black sands, in blooms of 
fifty pounds and upwards, by direct treatment in a common bloomary fire, a 
process which seems, from his letters, to have been one familiar to him. He 
describes the ore as yielding 60 per cent. of malleable iron, and as being 
very abundant, and so free from impurity as to require the addition of 
cinder or of bog ore. This manufacture of iron from the sand had 
evidently been somewhat developed, for, according to Mr. Elliot, his son 
had already erected a steel-furnace, before the Act of Parliament was 
passed prohibiting the manufacture of steel in the colonies. Specimens of 
the steel there produced were examined by Mr. Horne, and found to be 
of excellent quality, very tough, and not at all red-short.* 

Throughout the essay of Mr. Horne the sand-ore is spoken of as coming 
from Virginia, a name which in the reign of Elizabeth was given to the 
whole American coast from Canada to Florida, although in 1643 the name 
of New England was applied to the region which still bears that name. 
It appears, however, that the so-called Virginia sand was from the coast of 
Connecticut. Mr. Elliot's letter to Mr. Henry Horne was dated Kill-
ingworth, Oct. 4, 17 62. Killingworth is a town in the state of Connecticut, Connecticut. 

on the shore of Long Island Sound, twenty-five miles east of New Haven, 
and was the residence of the Rev. Jared Elliot, D.D., who was not only 
.a divine, but a physician, and a naturalist of great reput3. It is recorded of 
him that " some considerations had led him to believe that the black sand, 
which appears originally on the beach of the sound, might be wrought into 
iron. He made an experiment upon it in the year 1761, and succeeded. 
For this discovery he was honored with a medal by the society instituted 
in London for the Encouragement of Arts, Manufacturers and Com-
merce." * 

Notwithstanding this successful result, the iron sands seem to have 
been neglected for the last century, both in America and in Europe. We 
read, it is true, that such sands are treated in open hearths (bloomaries) 
.at Avellino, near Naples, and within a few years attempts have been made 
in England to turn to use the iron sands of New Zealand ; but the first 
successful attempts in this country were on the north shore of the lower 

• These curious details are extracted from a rare volume entitled Esrnys concerning 
• Iron and Steel, (the first of the three essays being on " The American Sand-Iron,") by 

Henry Horne, London, 1713. 12mo., pp. 223. A copy of this scarce book is in the 
possession of W. M. B. Hartley, Esq., of New York. 

• Barber's Historical Collections of Connecticut, page 531. The Rev. Jared Elliot, who 
was a grandson of the celebrated John Elliot of Massachusetts, the " Apostle of the 
Indians," died iu 1763, aged seventy-eight years. 
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St. Lawrence. The great deposits of black iron sand on the beach 
near the mouth of the Moisie River, having attracted attentiou, various 
attempts to reduce it were made. In January, 1867, Mr. W. M. Molson 
of Montreal, had the ore successfully treated by the bloomary process, in 
northern New York, and the result proving satisfactory, several bloomary 
furnaces w0re, in 1867, constructed by him at Moisie, and have since 
been in successful operation. 

It will here be well to notice the nature and the composition of the 
Moisie. iron sand at Moisie, as observed by myself in the summer of 1868. The 

stratified sands at Moisie, lying about ten feet above high-water mark, 
penetrated by the roots of small shrubs, and holding marine shells, were 
observed to be banded by irregular dark colored layers, in which the iron 
ore predominated. The same thing was afterwards remarked by me in 
stratified sands at much higher levels in the vicinity. Where these sands 
form the beach, they are exposed to the action of the waves, which effect 
a process of concentration, on a grand scale, so that, it is said, after a preva­
lence of certain winds, great belts of nearly pure black sand are exposed 
along the shore. At the time of my visit trenches were being sunk to a 
depth of five feet, on the shelving beach, about half-way between high and 
low-water mark. The sections presented alternations of nearly pure 
silicious sand and of black iron sand, the latter in layers of from half an 
inch to six inches in thickness, often with a small admixture of grains of 
red garnet, which sometimes formed very thin coatings upon the surface 
of the black layers. One of these latter, six inches in thickness, was 
taken up by myself, and found to be very pure, as will be seen from its 
analysis, farther on. It was easy, from these trenches, by means of 
shovels, to remove, without much admixture, the thicker layers of the 
moist black sand, which would measure from one and a-half to two feet out 
of the five feet excavated. This material was piled upon the beach, and 
afterwards carried to the washing-table. The supplies of sand-ore have 
hitherto been obtained from the deposits of wet sand below high-water 
level. Those at the surface, on the beach, have doubtless been recently 
moved by the waves, but from the inspection of the layers in the trenches, 
I was led to the opinion that they were lower strata, similar to those seen 
above the high-water mark, and, like them, of considerable antiquity. 
They were found to contain marine shells in a crumbling and decayed 
condition. It is said that these mixed sands of the higher levels yield, on 
an average, by washing, about fifteen per cent. of black iron sand. When• 
this poor sand is spread upon the shore, and exposed to the action of the 
waves and the tide, it is found to become concentrated through the washing­
away of the silicious grains. This process helps us to understand the mode 
in which the irregular layers of rich iron sand have been formed in the 
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midst of the deposits of sili.-o1.ous sand, in the strata which are now above 
ihe sea-level. 

The washing of the ore at Moisie, preparatory to smelting, is done upon Washing the 

a shaking-table, about twenty feet long and four feet wide, with a sloping sand. 

:and somewhat concave bottom. Upon this, by the aid of a gentle current 
of water, a large part of the lighter grains, chiefly of quartz, are washed 
away. 

The specific gravity of the sand, in bulk, was determined by weighing Speciii.cgravity. 

100 measured cubic centimeters of it, equivalent to 100 grammes of water; 
and the proportion of grains of magnetic ore was also determined. Of 
three specimens from Moisie ; A was an average sample of several hundred 
tons gathered in the manner just described, preparatory to washing; B, 
.a portion taken by myself from a layer six inches thick, about three feet 
below the surface of the beach ; and C, the washed ore, as prepared for the 
bloomary fire. In this connection are given the results of some similar 
.determinations with iron sands from other localities. 

Specific gravity. 
Moisie, A............................. 2.82 
Moisie, B.. . . . . . . . . . . . . . . . . . • . . . . . . . 2·88 
Moisie, C.... . . . . . . . . . . . . . . . . . . . . . . . . 2·97 
Mingan . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 2·84 
Bersimis . . • • . . • . . . . . . . . . . . . . . . . . . . . . 2·81 
Natasquan ...•.......•..•... .... ...• 
Kagashka .............•............. 
Batiscan .....••.. . .....•.•.......... 

Afagnetic. 

46·3 per cent. 
49·3 
52·0 
48·3 
34·3 
55"T 
24·0 
55·0 

The specific gravity of the silicious sand with which these iron sands 
are associated, was found, when determined in bulk, as above, to be about 
2.00. It consists chiefly of quartz, whose real specific gravity is about 
2.65 ; that of magnetic iron ore being about 5.18, while the titanic iron 
ore is about 4.70, and the associated garnet not far from 4.0. The amount 
of material removed in the process of washing at Moisie is not very great, 
as may be seen by comparing the proportion of magnetic grains in A and 
C, the Moisie sand before and after washing. The latter was found by 
analysis to contain about 5.5 p. c. of insoluble matter, chiefly silicious 
.sand, the remainder being almost entirely oxyd of iron and titanic acid. 

The sand of Batiscan, mentioned above, had been purified by washing. 
Considerable deposits near Champlain, contain, according to Dr. Larue, 
about 10.0 per cent. of magnetic ore, the remainder being chiefly silicious 
sand. The specimens from Bersimis, Mingan, N atasquan and Kagashka, 
however, though collected, as I was informed, without washing, compare 
favorably with those from Moisie, and, with the exception of Bersimis, even 
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surpass it in the pro!lortion of magnetic ore. I am indebted for all of 
these to Dr. Larue, the professor of Chemistry in Laval University; 
Quebec, who has paid much attention to the iron sands of the lower St. 
Lawrence, and collected himself the specimen from Bersimis, of which 
locality he has given me some interesting notes. Besides the considerable 
accumulations of sand on the beach, he observed, about three feet above 
high-water mark, two layers of black sand, holding about 30 per cent. of 
magnetic ore, and separated by a stratum of four inches of a gray sand 
containing very little iron. The three layers were traced with consider­
able regularity for 1000 feet along the shore. As we have seen, the sand 
from the beach at Bersimis contained but 34.3 per cent. of magnetic ore, 
and had a specific gravity of 2.81; the magnetic portion had, however, a 
specific gravity of 2.99, and the non-magnetic 2.77. The analyses of both 
of these will be found farther on. 

A deposit of black sand, said to be equal in richness to that of Moisie, 
is described as stretching along the coast, nearly the whole distance from 
the Bay of Seven Islands to the mouth of the Moisie River. The sand from 
Mingan, which is mentioned above, and of which an analysis will be given 
farther on, is said to be from the west side of the St. John River, at 
Mingan, but is described as stretching from thence for a distance of three 
leagues along the coast, and as being very abundant. The deposits of 
sand at Natasquan and at Kagashka are also stated to be very extensive, 
and like Mingan, favorably situated for the loading of vessels. 

An inspection of the iron sands from the various localities above 
mentioned, shows that they all contain, besides the ores of iron, a small 
proportion of red garnet, and more or less of fine silicious sand. The latter 
of the two substances it is possible to remove almost entirely by careful 
washing of the crude ore. The use of a magnet enables us to separate 
the black iron ore grains into a magnetic portion, which is nearly pure 
magnetic oxyd, and a non-magnetic portion, which is chiefly titanic iron, 
but, in the specimens submitted to examination, holds a portion of silicious 
matter, which the imperfectly washed sand still retains. In thus separating 
the ores into two portions for analysis, the magnetic grains were taken up 
by a magnet, the poles of which were covered by thin paper, and this· 
process was repeated until the non-magnetic grains were, as far as 
possible, left behind. The two portions of the ore thus obtained were 
analyzed separately, the solven£ used being, in both cases, hydrochloric acid, 
which, as is well known, dissolves magnetic oxyd of iron with great facility, 
and, with certain precautions, may be advantageously employed to dissolve 
titanic iron ore. For this purpose the non-magnetic portion, having been 
very finely powdered and sifted, is left to digest with about ten times its 
weight of hydrochloric acid of specific gravity 1.19, or thereabouts, for 
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several hours, or until the undissolved residue is no longer black, but 
grayish or brownish in col or. If the process has been conducted with care, Chemi~al 

d . h h . h h 1 f h . d 11 f h . . "d analysis. an wit out over- eatmg, t e w o e o t e iron, an a o t e titamc aci 
which was combined with it, will be found in solution, and may be sepa-
rated by the ordinary methods. The residue, apparently, contains little 
else than grains of quartz, with a small proportion of garnet: The finely 
pulverized ore may also be fused with bisulphate of soda, a process which 
is more expeditious, and yields equally good results with the last. 

Moisie.-A specimen of unwashed black sand from Moisie, holding Moisie sand. 

49.1 per cent of magnetic grains, was decomposed by digestion with hydro-
chloric acid, and the residue fused with bisulphate of soda. The titanic 
acid having been thrown down, by boiling, from the united solutions, the iron 
was directly determined, the other bases being neglected in this partial 
analysis, which gave me the following results :-

I. 

Protoxyd of iron........ . ....... 70.10 =metallic iron 55. 23 
Titanic acid................... . 16.00 
Insoluble, chiefly quartz . . . . . . . . . 5.92 

92. 02 

A part of the iron in these ores is in a higher state of oxydation than 
here indicated, but the determination of the degree of oxydation of the 
iron in titanic ores is difficult, and, as even the magnetic portion of the 
sands contains some titanic acid, it is thought advisable, in the present 
analyses, to represent the whole of the iron in these ores as protoxyd, 
giving, at the same time, the amount of metallic iron, and, in the case of 
the magnetic portions, the magnetic oxyd corresponding thereto. In the 
non-magnetic portion of the Bersimis sand, however, as will be seen, the 
proportions of the two oxyds of iron were determined. The magnetic grains 
having been removed from the above sample of Moisie ore, the non­
magnetic portion gave 58. 20 of protoxycl of iron, 30. 7 4 of titanic acid, 
and 6.14 of insoluble residue. 

Further and more complete analyses were subsequently made of the 
washed ore from the Moisie iron-works, whic,h, as already stated, contained 
52.0 per cent. of magnetic grains. These were analyzecl separately, (II) 
while the non-magnetic portion gave me the results under III. Sulphur 
and phosphorus are present in this sand in very small quantities, the 
determinations of Mr. Broome giving for the washed miited ore .070 
per cent. of sulphur and .007 of phosphorus. 
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Protoxyd of iron ..••....•......... 
Titanic acid .................•• , .•• 
Oxyd of manganese •.•...••..•..... 
Lime ............................ •· 
Insoluble .........•.•.••••......•. 

II. 
85.79 
4.15 

.40 

.90 
1.95 

III. 
56.38 
28.!l5 

1.10 
.95 

8.75 

93.19 96.13 

Magnetic oxyd of iron........ . . . . . . 92.68 
Metallic iron...................... 66. 73 43.85 

1 A. 
'11.08 
16.55 

5.35 

55.27 

The sum of the analysis II, if the iron be calculated as magnetic oxyd, 
100.08. The composition of the mixed ore, if we suppose II and III 

to be mixed in equal proportions, would be as under I A, which agrees 
closely with the analysis I, given above. 

Bersimis.-The iron sand of Bersimis, as already described, contained 
Bersimis sand, but 34. 7 per cent of magnetic grains; the analysis of this portion is given 

under IV. 

IV. 
Protoxyd of iron................ . . . • . . . . 85.56 
Titanic acid............................ 3.40 
Oxyd of man~anese. . • . . • • • • . . . • . . . . . . . • undet. 
Lime .................................. traces. 
l\Iagnesia ................••.... ....... . 
Insoluble . . . • • • . . . . . . . . . . . . . . . . . . . . . . . • 3.85 

92.81 

Magnetic oxyd of iron................... 92.44 
Metallic iron . . . . • . . . . . . . • • • • . . . . . • . . • • . 66.56 

The sum of the analysis, if the iron be calculated as magnetic oxyd, is 
99.67. The non-magnetic portion of the Bersimis sand was dissolved in 
hydrochloric acid, out of contact with oxygen, and the amounts of protoxyd 
and peroxyd of iron were separately determined. The analysis gave me 
as follows:-

v. 
Protoxyd of iron. . • • • . . . . . . . . . . • . . . . . . . . 24.66 
Peroxyd of iron • . . • . • • • . . . . . . . . . . . . . . . . 22.24 
Titanic acid ...•• , ... , . . . . . . . . . . . . . . . . . . 26.95 
Oxyd of manganese ............ , . . . . . . . • 1.10 
Lime.................................. 1.12 
Magnesia •.....•..•....•.•. , • . . . . . . . . . . . 72 
Insoluble . • • . . . . . • • • • • . . • . . . • . . . . . . . . . . 23.80 

10('.59 

Metallic iron ..•......••••••.•.••.•••.. , 34.94' 
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i11ingan.-The iron sand from the mouth of the St. John river, at 
Mingan, contained 48.3 per cent. of magnetic grains, whose analysis is J\Iingan sand. 

given under VI, while that of the non-magnetic portion of the ore is 
found under VII. 

VI. VIL 

Protoxyd of iron....................... 80.46 46.31 
Titanic acid . . . . . . . . . • . . . . . . . • • . . . • . . . • 6.50 31.60 
Oxyd of manganese . . . . . . . . . . • . • . . . . • . • .52 1.35 
Lime .. .. .. .. .. .. . .. .. . . • .. . • . .. . .. .. . 75 1.06 
Magnesia.............................. .70 .50 
Insoluble.... . . . . .. • • . .. . . ........... . . .. 4.20 15.50 

93.13 96.32 

Magnetic oxyd of iron . . . . . . . . . . . . • . . . . . 86. 92 
Metallic iron........................... 65.58 36.00 

The sum of the analysis VI, if the iron be estimated as magnetic oxyd, 
is 99.59. 

In the above analyses of the iron sands it will be remarked that the 
magnetic portion retains a little adherent silicious matter, and small amounts 
of titanium, both of which vary in the sands from different localities, 
although the separation by means of the magnet was in all cases effected 
with the same precautions. Observations and experiments on other samples 
of these sands go to show that different layers from the same locality vary, Varying eom­

not only in the proportion of silicious sand, but in the relative proportions position. 

of magnetic and titanic ores and of garnet. This might be expected when 
we consider that the differences in density between each of these consti-
tuents of the sand, should, under the influence of moving water, lead to 
their partial separation from each other. 

A specimen of iron sand from Quogue, on the south side of Long Island, 
near New York, where these sands are about to be employe!i for the manu­
fat]ture of steel, closely resembled those of Bersimis, and contained 31 per 
cent. of magnetic grains. The unpurified ore, which was mingled with a 
considerable amount of quartz sand, and some garnet, amounting together 
to about 17 per cent., gave by analysis about 40 per cent. of iron, and 15 
per cent. of titanium, besides a proportion of manganese greater than 
the iron sands from the lower St. Lawrence. 

OX TIIE MANUFACTURE OF IRON AND STEEL BY DIRECT METHODS. 

Although by far the greater part of the wrought iron and steel now 
used in the arts is made from cast iron produced in the blast-furnace, 
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the history of iron-making shows us that in early times malleable iron, and 
even steel, were obtained directly from certam ores, without the prev10us 
production of cast iron, and without fusion. The manufacture and use of 
the latter, in fact, date only from a comparatively recent period. The 
natives of India, Burmah, Borneo, Madagascar, and some parts of Africa, 
practice the direct conversion of iron ores to the metallic state in small 
furnaces. In certain districts of India the amount of malleable iron thus 
produced is very considerable, and much of it is manufactured into steel ; 
but the furnaces used are small in size, and produce not more than from 
twenty to forty pounds of iron in a day, with the labor of three or four 
men, and with a great waste of ore and of charcoal. The rich native ores, 
coarsely pulverized, or the grains of iron ore obtained by washing the 
sands of certain districts, are heated with charcoal in small furnaces, until 
they are reduced and yield masses of malleable metal. Somewhat similar 
methods of making malleable iron have long been known in various coun­
tries of Europe, where, under improved forms, they are still followed, and 
have thence been brought to America. Of these furnaces for the direct 
conversion of ores into malleable iron, the five known in Europe are the 
Corsican and Catalan forges, the German bloomary forge, the Osmund 
furnace, and the German Stii.ckofen or high-bloomary furnace, which latter 
had high walls, and approached in form to the modern blast-furnace, of 
which it seems to have been the immediate precursor. For a detailed 
description of these various furnaces, and the mode of working them, the 
reader is referred to Dr. Percy's learned work on the metallurgy of iron 
and steel. Inasmuch, however, as furnaces related to the German bloomary 
are still largely used on this continent, and promise to become of consider­
able importance to Canada, it will be well to describe briefly some points 
in the history of these various European furnaces. 

Of these, the best known is the Catalan furnace or forge, so called 
from the province of Catalonia, in Spain, where it was formerly much used, 
as well as in the neighboring parts of France. The department of Aricge, 
in 1840, had in operation forty-nine of these furnaces, producing 5800 
tons of metal, of which 215 tons were a crude kind of steel, the remainder 
being malleable iron. The process has there, however, since probably 
fallen into disuse. Similar forges continue to be employed on the Italian 
coast, and, in 1850, there were forty of them in operation in the province 
of Genoa, where they were used for the treatment of specular iron ore 
brought from the island of Elba. In the French Pyrenees, however, 
(department of Ariegc) the ore generally used in these furnaces is a 
hydrous brown oxyd, holding from forty to fifty per cent. of iron, and 
approaching in its character t.o the bog ores of the province of Quebec. 

The Catalan forge consists of a rectangular hearth, constructed chiefly 
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of heavy iron plates, which, in the largest size, is about forty by thirty­
two inches, and from twenty-four to twenty-seven inches deep, or from 
fourteen to fifteen inches below the twyer. In some districts, however, 
furnace~ of not more than one-half these dimensions are built. The pres­
sure of the blast employed does not exceed 1 ! or 1 i inches of mercury, 
and the twyer is directed downwards, at an angle of thirty or forty 
degrees . The wall facing the twyer, slopes outward towards the top, and in 
working, the greater part of the charge of ore is heaped against it, 
and occupies from one-third to one-half of the cavity of the furnace, the 
remaining space being filled with ignited charcoal. The ore is previously 
broken so that the large lumps are not more than two inches in diameter, Modeotwo1» 

while from one-third to one-half of the material will pass through a screen, mg. 

the bars of which are four-tenths of an inch apart. This finer ore is 
thrown on the surface of the fire, from time to time, during the operation, 
which is conducted with many precautions as to regulating the blast, 
stirring, supplying the fine ore and coal. At the end of six hours, in the 
ordinary routine, there is withdrawn from the bottom of the furnace an 
agglomerated mass of reduced but unmelted iron, which is then forged 
into blooms or bars. The operation, lasting six hours, consumes, in one 
of the larg,;r sized forges, about 91 cwt. of ore and 101 cwt. of charcoal, 
and yields 3 cwt. of bar iron. According to another calculation, there are 
required for the production of 100 pounds of iron, 340 pounde of charcoal 
and 312 pounds of an ore containing from 45 to 48 per cent. of iron. Of 
this about seven-tenths are obtained in the metallic state, the remaining 
three-tenths passing into the slag. 100 pounds of ore yield 31 pounds 
of bar iron, and 41 pounds of slags, which are dark-colored basic silicates, 
very rich in oxyd of iron. 

The Corsican forge is a more primitive form of fornace than the Catalan, Corsican rorgc-. 

ancl without interest, except so far as it belongs to the history of iron-
working. It is said to have consumed more than 800 pounds of charcoal 
for the production of 100 pounds of iron. Some few of these forges were 
still in operation in Corsica forty years since. 

Another form of furnace, described by Dr. Percy under the name of the 
Osmund furnace, was used during the last century in Norway and Sweden. osmundfurnacl} 

It was a rude hearth, with walls around it, and an opening in one of the 
side near the tap-hole, which was built up with stones, and taken down 
when it was required to extract the loup or mass of reduced iron. This 
furnace was not capable of yielding more than H tons of iron in a week, 
but is still used in Finland, and it is mentioned as a curious fact, that 
certain bog ores which contain so much phosphorus as to yield but a poor 
and hot-short iron by treatment in the blast-fumace, and subsequent decar-
buration, afford a good malleable iron when reduced by the direct method, 



272 GEOLOGICAL SURVEY OF CANADA. 

in the Osmund furnace ; a result which appears to be due to the fact that 
the phosphorus, which is reduced and passes into the iron, in the blast­
furnace, escapes reduction at the lower temperature of the Osmund 
furnace. 

~~?~~vbde~~~~ An improvement in the Catalan forge has been introduced in the province 
torge. of Genoa, in northern Italy, and consists in the utilization of the waste heat, 

which is made to roast, and subsequently partially to reduce, the ore before 
treating it in the forge. For this purpose a flat-bedded reverberatory 
furnace, so constructed as to receive, at one end, the flame from the forge, 
was provided at the other end with a charging-door, within and above 
which was a vertical chamber, communicating with the chimney, and having 
a side-door, and a grating at the bottom. Upon this grating, the ore, a 
specular oxyd containing 68 per cent of iron, was laid, and exposed to the 
heat, which roasted it, expelling a small portion of sulphur. After being 
thus heated for some time, it was withdrawn and thrown into water, by 
which process it was rendered friable. Being then broken into small lumps 
and coarse powder, it was spread out evenly on a layer of broken charcoal, 
with which the bottom of the reverberatory hearth had previously been 
covered, and was here exposed to the heating effect of the waste flame 
from the forge, during the whole time of working a charge in the latter. 
In this operation the bed of charcoal was consumed, and the ore lost ten 
or twelve per cent. of its weight, being partially deoxydized. Some scraps 
of cast iron or wrought iron were then added to the half-reduced ore., 
and the whole mass, by means of a rabble introduced through the charging­
door, was pushed forward into the forge-hearth. In this way, five heats, 
instead of four, could be worked off in twenty-four hours, with great 
economy in charcoal, improvement in the quality of iron, and a somewhat 
greater yield. Separate furnaces were also constructed in connection 
with these works, for reheating the iron to be drawn out into blooms, and 
the waste heat from these was also employed in heating reverberatories, as 
above explained. 

W orking results One of the Catalan forges, with these improvements, yields in a week 
of six days, thirty heats of iron, with an average consumption, for each 
heat, of 95.30 kilogrammes of ore in lumps, 63 .50 of ore in powder, 31.75 
of wrought-iron scrap, and 254.00 of charcoal, with a yield of 143.00 
kilogrammes of bar iron. This is equal to 1575 pounds of iron in twenty­
four hours, with a consumption of 2794 pounds of charcoal. It is, how­
ever, to be noticed that about 22 per cent. of this product, or 349 pounds, 
was added in the condition of wrought.iron scrap, whose reworking would 
consume comparatively little charcoal. Making a liberal allowance for this, 
we may fairly consider the work of the furnace as nearly equal to the 
production, from the ore, of 1400 pounds of iron, which is at the rate of 50 
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pounds of iron for 100 pounds of charcoal consumed, and is about the 
result obtained with the American bloomaries, to be noticed farther on ; 
while the proportion obtained with the unimproved Catalan forge, des­
cribed above, is only at the rate of 30 pounds of iron to 100 pounds of 
charcoal. 

Mention has already been made of the German high-bloomary furnace, 
or Stiickofen, which is of no particular interest in this connection, and is 
not to be confounded with another furnace known simply as the German 
bloomary. This was formerly used in Silesia and the Palatinate, and is ~r~r:'1an blom· 

described at some length in the classic work of Karsten, written a little 
more than half a century since (1816), but is dismissed with a few word~ 
in Bruno Kerl's treatise on metallurgy, published in 1864 (Huttrmkunde, 
iii, 427), from which its use would seem to be nearly or quite abandoned 
in Germany. According to Karsten the German bloomary consisted of an 
iron pot, or a box of iron plates, in either case lined with refractory bricks, 
and having an internal diameter of from fourteen to twenty-one inches, 
and the same depth, the dimensions varying with the fusibility of the 
ore, the force of the blast and the quality of the coal. The twyer 
was horizontal; the furnace having been filled and heaped up with burning 
charcoal, the ore was thrown upon the fire by shovels-full at a time; this 
process was continued, the supply of fuel being renewed, until a loup of 
sufficient size had been formed at the bottom of the hearth, as alrea<1y 
described in the Catalan method. When the blast is too intense, or the 
coal very dense, it may happen that the reduced iron becomes carburetted 
to such an extent as to produce steel-like iron, or even molten cast-iron, 
instead of a loup of soft malleable iron. A similar state of things some-
times occurs in the Catalan forge, and is occasionally taken advantage of 
to obtain an imperfect kind of steel. 

From the above description it will be seen that the me thod by the fr~~C:~t~}~ 
German bloomary differs from that by the Catalan forge, in the fact that, 
in the latter, the greater part of the charge of ore is placed, at the corn_ 
mencement of the operation, in a coarsely broken state, on the sloping 
wall of the furnace, opposite to the twyer, while the remaining portion is 
subsequently projected, in a more finely divided condition, upon the surface 
of the fire. In the German method, on the contrary, the whole of the 
ore is reduced to this finer condition, and is added by small portions, a plan 
which dispenses with the charging of the furnace after each operation, as 
in the Catalan method, and permits of a continuous working, interrupted 
only by the withdrawing of the loups from time to time. The German 
bloomary, in an improved form, is extensively used for the reduction of iron 
ores in the United States, where it is known by the name of the bloomary 
fire, the Jersey forge, or the Champlain forge, and is also frequently called 
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the Catalan forge, from which, as has already been shewn, it is distinct in 
form, and still more distinct in the manner in which it is worked. Before 
proceeding to describe in detail the American bloomary fire, it will be well 
to notice some of the advantages of the direct methods of extracting iron 
from its ores, and to point out the conditions under which they may be 
used with advantage. 

Karsten remarks that the iron obtained by a direct process is often of a 
Oirectprocesscs superior quality, fo~ the reason that the separation of the foreign matters 

of the ore is effected by a kind of liquation, rather than by complete fusion ; 
nnd, moreover, that certain impurities, which would be reduced and unite 
with the iron at higher temperatures, are carried off by the slags, in an 
unreduced state, at the lower heat of the open forge. A striking illus­
tration of that has been given above, in speaking of the Osmund furnace, 
and its use in Finland. For these reasons Karsten was of the opinion that 
in some regions, and with certain ores, the direct process was, perhaps, 
more advantageous than the use of the blast-furnace combined with the 
finery-hearth. This, however, was half a century since, and, in the 
meantime, great improvements have been made in the manufacture of cast 
iron, as well as in puddling or otherwise treating the pig-metal. In view 
-0f all these facts, and of the great facilities for transportation at the present 
day, Dr. Percy observes (in 1864) , " that there can only be compara­
tively few localities in Europe where these (Catalan) forges can be 
<Jonducted with profit. In mountainous regions abounding in rich iron 
-0res and wood suitable for charcoal, and still inaccessible to railways, the 
Catalan process may hold its ground, but certainly not in localities where 
it is unprotected by high rates of carriage, or other circumstances, from 
<Jompetition with iron smelted and manufactured by modern processes. Its 
advantages are that the outlay and floating capital required for a forge are 
inconsiderable, and the consumption of charcoal is comparatively small."­
( Percy, Metallurgy of Iron and Steel, page 311.) 

The German bloomary process was probably introduced into North 
America early in the last century. Among the forges in operation in 
N cw Jersey and Pennsylvania in 1856, Lesley, in his Iron Manufacturers' 

Bloomaries in Gnide, mentions one as having been established in 1733, and another in 
America. 

1725. These were, perhaps, bloomaries for the conversion of pig-iron by 
the Walloon method, which was used in this region at an early date; but 
it is evident, from facts cited already, page 263, that the treatment of pul­
' 'erized iron ores in the German bloomary fire was already practised in 
Connecticut as early as 1761. It was, probably, the coming of German 
immigrants which led to the use of the German rather than the Catalan 
forge, which, so far as I can learn, is unknown, at least, in the northern 
and eastern parts of the United States. Various improvements have 
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been, from time to time, made in the construction of the furnaces, the 
most important of which has been the introduction of the hot blast. 
Favored by supplies of rich ores and protected to a certain extent from Blo_omaries In 

' ' ' Umted States. 
foreign competition, by duties on imported iron, the manufacture of iron by 
this method has been widely extended over the United States, and has 
assumed considerable importance. In the districts where it was first 
introduced, including northern New Jersey and the adjacent portions of 
New York and Pennsylvania, the bloomary process is falling into disuse, 
since wood has become scarce, and extensive workings of coal in the 
vicinity, with the great facilities for transportation, have rendered it more 
profitable to treat the ores in the blast-furnace than in the bloomary fire. 
In northern New York, on the contrary, the use of the direct process 
appears to have considerably extended during the past few years. 

The works for producing iron directly from the ores, by the present 
method, are known in the United States as forges or bloomaries, and 
sometimes consist of twenty forge-fires or furnaces, but in many cases of 
not more than two or three. According to the report prepared by Mr. 
Charles E. Smith, for the Iron Manufacturer's Guide (page 760), and 
published by authority of the American Iron Association, there were, in 
the year 1856, produced directly from the ore, 28,633 tons of malleable 
iron, from 203 forge-fires. Of these, 42 were in New York, 48 in New 
Jersey, 36 in North Carolina, 14 in Alabama, and 50 in Tennessee. 
There were besides, at that time, 35 abandoned fires, of which not less 
than 29 were in New Jersey. The average production from each forge-
fire was thus 141 tons. Since that time I have no means of knowing the 
condition of this manufacture in the south and west. In New Jersey, for 
reasons already given, the direct method is almost abandoned, while in 
northern New York, on the contrary, it has greatly increased. Instead of New York 

the 42 fires reported in 1856, there were, in 1867, according to the Iron forges. 

and Steel Association Bulletin, 136 fires in activity in Essex and Clinton 
<Jounties, the principal seats of this industry. The aggregate product of 
these forges was supposed by a competent authority, in 1868, to be nearly 
40,000 tons of malleable iron, a large portion of which is consumed at 
Pittsburg for the manufacture of steel by cementation, a process for which 
this iron is eminently fitted, and for which that reduced from the ore of 
the Palmer ore-bed, near Keeseville, is especially prized. Two establish-
ments in the neighborhood work the ore of this deposit; one, that of Messrs. 
Rogers, of Ausable Forks, had 21 fires, and the other, that of the Peru 
Company, of Clintonville, 18 fires, in 1868. 

The direct method of reduction cannot be applied to poor ores, which, 
to yield good results in the German or Catalan forge, should not contain 
much less than 50 per cent. of iron, while much richer ores are to be pre-
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ferred. Some of the iron ores of North America consist of an aggregate 
of crystalline grains of magnetic oxyd, mingled with so large a proportion 
of calcareous or silicious matter as render them unfit for the bloomary fire, 
without purification. This is generally effected by crushing and wash­
ing, after a previous partial calcination, and leaves the ore in a coarsely 
granular state, which would not be adapted to the Catalan, although well 
suited to the German or American method. This condition of things is 

P~Imer ore-bed. illustrated by the ore of the famous Palmer bed, just mentioned. I was 
informed at the works of Messrs. Rogers, that from four to five tons of the 
average crude ore were required to make a ton of blooms. The ore, as 
raised from the mine, is chiefly magnetite, with grains of white quartz, and, in 
some portions, of flesh-red feldspar. It is slightly roasted, to render it fria­
ble, then stamped and passed through screens with openings of about one 
eigh.th of an inch, and purified by washing. Two tons of the washed ore were 
required to make a ton of blooms. I took what seemed an average sam­
ple of the crushed ore from the stamps, and having further reduced it so 
that it would pass through the meshes of a sieve having sixteen holes to 
the linear inch, carefully separated the magnetic from the non-magnetic 
part, which contained a proportion of grains of specular iron ore, but was 
chiefly quartz. The magnetic portion equalled 45 per cent. of the whole. 
A sample of the dressed ore, such as supplied to the bloomaries, was 
treated in the same manner, by further crushing, and separation by the mag­
net, and contained 64 per cent. of magnetic ore; the non-magnetic portion, 
besides silicious matters, holding a considerable proportion of grains of 
specular iron, which would probably raise the amount of oxyd of iron 
in this sample of the water-dressed ore to about 85 per cent., or a little over 
60 per cent. of metallic iron. In other districts ofnorthern New York, as 
in the vicinity of Port Henry, the crude ores are richer than those just 
mentioned, and often contain very little extraneous matter, so that the 
operation of washing may sometimes be dispensed with. At the New Rus­
sia forge, in Moriah, the ore, which is mingled with a little quartz, is 
roasted in piles, with wood, during two or three days, then crushe'cl and 
treated as above described. Two tons of the crude ore yield one and a half 
of dressed ore, which is calculated to give one ton of blooms. The wash­
ing process removes not only the foreign matters, but a portion of fine ore, 
which is lost, and may be seen accumulated in the vicinity of the washing­
tables. The bloomers, as the iron-makers are called, object to this fine ore, 
as being unfit for use, but it will be seen further on that this prejudice is 
without foundation, and that the finer grains can be used with advantage, 
though they are now rejected, and considerable loss is thereby incurred. 

The magnetic ores of Lake Champlain are exported to Vermont, where, 
for several years, a few bloomaries have been supplied with iron ore from 
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the west side of the lake. Three forge-fires were, in 1868, in operation Vermont 

at Salisbury, and three at East Middlebury, Vermont, five miles from the forges. 

Middlebury station on the Rutland and Burlington Railway. The ore for 
this purpose is brought by water from Port Henry or Port Kent to Bur­
lington, and thence by rail to Middlebury station. This is brought partly 
in lumps, which are crushed and washed at the forge, and partly dressed to 
a high degree of purity, and ready for use. 

Overman is, so far as I am aware, the only writer who has given any 
account of the American bloomary process. In his Treatise on Metallit1·gy 
(sixth editic·n, 1808, page 5-U), will be found a description, accompanied 
by figures. My own observation, as here given, have enabled me to verify 
the general correctness and trustworthiness of Overman's statements 
with regard to this subject. 

The bloomary hearths or furnaces in different localities exhibit some lit- Bloomary 
. . . . • . . . hearths. 

tle vanat10ns m size and m the details of their arrangements. The size of 
the hearth varies from twenty-seven by thirty to twenty-eight by thirty-two 
inches, and the height, from twenty to twenty-five inches above the twyer, 
and from eight to fourteen inches below. The sides are made of heavy 
cast-iron plate, and the bottom, although often of beaten earth or ciriders, 
is, in the best constructed hearths, also of iron, made hollow, and kept 
cool by a current of water, which is made to circulate through it. In the 
East Middlebury forge'a this bottom-plate is four inches thick, and has 
within it a hollow space of two inches. The side-plates, which slope gently 
inwards, in descending, and rest on ledges on the bottom-plate, are one 
and a-quarter inches thick. A water-box, measuring twelve by eight inches, 
is let into the twyer-plate, and a stream of cold water circulates through 
this box, and through the bottom-plate, as well as around the twyer. The 
length of the hearth, from the twyer-plate to that opposite, is twenty-four 
and a half inches, and the breadth from front to rear is twenty-nine inches. 
The twyer ent.ers twelve inches above the bottom, and is inclined downwards 
at such an angle that the blast would strike the middle of the hearth. The 
opening of the twyer has the form of the segment of a circle, and is one 
inch high by one and three-quarter inches wide. In front of the furnace, 
at sixteen incheS' from the bottom, is placed a flat iron hearth, eighteen 
inches wide. The side-plate beneath it is provided with a tap-hole, through 
which the melted slag or cinder may be drawn off, from time to time. The 
iron plates used in the construction of these furnaces last for two years. In 
the furnaces used at the New-Russia works in Moriah, already mentioned, 
the iron bottom-plate is not made use of, the bed consisting of beaten-down 
earth or ashes. These furnaces have a depth of twenty-four inches, and 
measure twenty by thirty-two inches at the top, but are somewhat 
smaller towards the bottom ; the twyer, in these, enters one of the narrower 

u 
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sides of the rectangle. While these are somewhat smaller than the forges 
at East Middlebury, those lately constructed at Moisie are somewhat larger, 
measuring thirty by thirty-two inches, the bottom-plate being fourteen inches 
below the twyer, which is placed nearly horizontal, but of the same size as 
that described above. 

The blast employed in the American bloomaries has a pressure of from 
1-t to 1 t pounds, and is heated by passing through a series of cast-iron 
tubes, placed in an upper chamber, above the furnace. These are in the 
form of inverted siphons, each li'mb being about seven feet in length, 
their exterior diameter seven, and their interior diameter five inches. At 
the East Middlebury forges the air is made to pass successively through 
three such tubes, heated to dull redness, and attains a temperature estima­
ted at from 550° to 600° Fahrenheit. The use of the hot blast hastens 
the operation, and enables the workmen to produce a larger quantity of iron 
in a given time, than with the cold blast, while, at the same time, it effects a 
considerable saving in fuel. It is said that where 240 bushels of charcoal 
will produce a ton of iron with the hot blast, 300 bushels of the same coal 
would be consumed if the cold blast were used. The quality of the metal 
is supposed to be deteriorated if too hot a blast is used. With judicious 
management, however, the use of the hot blast offers great advantages over 
the cold blast, and has been very generally adopted in the American 
bloomaries. 

The IT Or king of these furnaces is conducted in the following manner : The 
fire being kept active, and the furnace heaped with coal, the coarsely pul­
verized ore is scattered, at short intervals, upon the top of the burning fuel, 
and in its pasrnge downwards is reduced to the metallic state, but reaches 
the bottom without being melted, and there accumulates, the grains agglo­
merating into an irregular mass or loup, as it is termed, while the earthy mat­
ters form a liquid slag or cinder, which lies around and above it, and is 
drawn off from time to time through the openings in the front plate. At 
the end of two or three hours, or when a sufficiently large loup is formed, 
this is lifted by means of a bar, from the bottom, brought before the twyer 
for a few minutes, to give it a greater heat, and then carried to the hammer, 
where it is wrought into a bloom ; the bloomary fire itself being generally 
used for re-heating. This operation concluded, the addition of ore to the 
fire is resumed, and the production of iron is thus kept up, with but little 
interruption. In this way, a skilled workman will, with a large sized fur­
nace, bring out a loup of 300 pounds every three hours, thus making the 
produce of the day of twenty-four hours, 2,400 pounds of blooms ; in some 
cases, it is said, 1,500 pounds, and even more, are produced by twelve hours 
working. 

In this connection may be mentioned an arrangement, described and 
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figured by Overman, in which the waste heat from the forge, (or rather from waste heat. 

two forges united,) passes into an oven or stove, placed at a level above the 
bloomary-fire, and there serves to re-heat the blooms, when it is required to 
draw them out into bars. A set of small blast-pipes, placed just above the 
forge, serves to heat a portion of air, which is led into the oven, and 
there burns any escaping carbonic oxyd gas. The air and gases from 
the re-heating oven are afterwards employed to heat the blast for the 
bloomary hearth, in the usual manner. I have not seen this arrangement 
in operation. 

The following observations will serve to give some notions of the working 
of the bloomary process in the United States. At the Ausable works, as 
already stated, the somewhat lean ores are dressed so as to yield about fifty 
per cent. of iron, two tons of ore being required for one ton of blooms, 
while at the New Russia forges, in Moriah, near Port Henry, where a New Russia 

nearly pure magnetite is employed, three tons of the dressed ore are stated torges. 

to yield two tons of blooms. When it is considered that perfectly pure 
magnetite contains only 72.0 per cent. of iron, this proportion of 66.6 prr 
cent., said to be obtained, shows a great economy in working. These 
figures, furnished me by the proprietor of the forges, Mr. Putnam, were 
afterwards confirmed by Mr. Pearson, the director of those at East Mid-
dlebury, where the very rich ores from the same region are treated. 'l'he 
dimensions and constructi<m of the New Russia forges have already been 
given. The pressure of blast employed was from H to H pounds, ancl 
the average produce of iron for each fire, 2,400 pounds of bloom-iron in 
twenty-four hours; the amount of charcoal consumed being from 250 to 
300 bushels to the ton of blooms produced, and the weight of the charcO'll 
from sixteen to eighteen pounds to the bushel. 

At East Middlebury, where, as just stated, the conditions are very E t ,
1

. 
,as " iddle--

similar, the estimated consumption of charcoal was 270 bushels to the ton bury forges. 

of blooms, a result which is the mean of the figures obtained at the N ew 
Russia forges. Some of the ores here used contain a little phosphate of 
lime, and it was observed that when too hot a blast was used, although the 
production of metal was rapid, the iron from these ores was hot-short, 
while with the cold blast, formerly employed, the iron, although produce;] 
more slowly, was never hot-short. The force of the blast at these forges 
was equal to one and three-quarter pounds, and even two pounds to the· 
inch. Mr. Pearson, the director of the East Middlebury forges, made, in 
the autumn of 1867, experiments on several' tons of the iron sands from 
Seven Islands, page 266, and succeeded in obtaining from them about tbree-
eigbths of their weight of good iron. He, however, found it necessary, in 
order to treat these fine sands, to reduce very much the force of the blast, 
an experience which has been confirmed by the practice at Moisie. It 
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appears to be from ignorance of this fact, that the bloomers of New York 
had always rejected the fine sandy ore separated during the process of 
washing, as being unsuited for treatment in the bloomary fire. 

At Moisie, although eight forges have been constructed, but four of them 
were in operation at the time of my visit in August, 1868, and the same 
number, I am informed, in October last, two of the furnaces not having 
yet been completed. A reverberatory furnace has, since my visit, been 
constructed, in which it is proposed to re·heat the loups for the second ham­
mering, instead of returning them, as in most cases is done, to the forge-fire 
for that purpose. The opening of the twyers used measured one inch by 
one and seven-eighths ; they were inclined downwards at a very small 
angle, it having been found by experience that the considerable inclination 
which is used with the coarser ores cannot be advantageously employed 
with the fine sands. In like manner, as remarked above, it has been 
necessary to reduce the force of the blast, to from t to H pounds, the 
average working-pressure being about one pound to the inch. According 
to the latest accounts, there were, in October, four hearths in regular opera­
tion, requiring four bloomers, one assistant to furnish coal, etc., and one 
hammerer, being six men in all for each shift of twelve hours. Each 
hearth furnished eight loups daily, and the aggregate yield of iron was 
estimated at three tons, or three-quarters of a ton for each hearth, every 
twenty-four hours. The consumption of charcoal was 1400 bushels daily, 
being at the rate of 466 bushels to the ton of blooms, or 350 bushels to 
each fire. This charcoal is chiefly produced from spruce and fir, with some 
admixture of birch, the wood being mostly small, and the weight of the 
coal is stated to be fifteen pounds to the bushel. This gives a consumption 
of 6990 pounds of charcoal for the production of 2240 pounds of blooms, 
being at the rate of 3.12 pounds of charcoal for the pound of iron. If 
we compare this result with the figures given above, for those forges 
which treat nearly pure magnetic iron ores, we find that to produce a ton of 
blooms there are consumed, at East Middlebury, 270 bushels, and at New 
Russia from 250 to 300 bushels of charcoal, weighing from sixteen to 
eighteen pounds to the bushel. If we assume, in both cases, the greater 
weight, of eighteen pounds to the bushel, we have for 250 bushels, 4500 
pounds, and for 300 bushels, 5400 pounds of charcoal, the former corres­
ponding to 2.01 pounds, and the latter to 2.41 pounds of charcoal to the 
pound of iron, or, taking the mean of the two, 2.21 pounds, as compared 
~th the 3.12 pounds said to be consumed at the Maisie works. 

If now, we consider the relative sizes of the different bloomary hearths, 
we find them to be as follows :-

New Russia . . . . • • . . • . . . . 20 X 32 inches = 6,400 square inches. 
East Middlebury. . ... . . . . . 24 X 29 ,, = 6,960 ,, ,, 
Moisie.................. 30 x 32 ,, = 9,600 ,, ,, 
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The area of the Moisie hearths is, then, in round numbers, one and a-half 
times that of the others, and, with an equally powerful blast, they should 
consume one-half more charcoal. This increased size is, however, counter­
balanced by the feebler blast, and we find that each fire at Moisie con­
sumes, in twenty-four hours, 350 bushels of charcoal, equal to 5250 
pounds, which, from the calculations already given for the New Russia 
forges, should produce, with an ore such as there treated, 2375 pounds 
of iron. In fact, the Moisie forges, according to the data before us, with 
an area one-ha.If greater, consume daily the same weight of charcoal as 
those of New Russia, and produce only two-thirds as much iron. 

I have very recently been informed that, with careful management, it 
has lately been found possible so far to reduce the consumption of fuel 
at Moisie, that a ton of blooms can be made with 350 bushels of properly 
prepared charcoal. The consumption of ore, which formerly amounted to 
three tons or more for a ton of blooms, is also said to have been considerably 
reduced, the daily production of iron from each hearth, however,remaining 
the same as before. 

The cause of this small production of iron, as compared with the area causes or.thd.e 
, smaller y1el 

of the furnace, and with the consumption of fuel, is not, in my opimon, to . 
be found either in the reduced force of the blast or in the mechanical 
condition of the ore. A great heat is not required for the reduction of the 
oxyd of iron to the metallic state, and other things be equal, the finer its 
subdivision, provided it be not dissipated by the blast, the more rapid and 
more complete should be its conversion to the condition of metal, by the 
action of the reducing gases, as it passes downward through the mass of 
burning charcoal. Such coarse grains of ore as pass, incompletely reduced, 
through the ignited fuel, and in this state reach the slag below, have no 
chance of further reduction in the forge. Hence we may conclude that, 
the fineness of the ore, should, under favorable conditions, render the 
reduction more complete. 

The principal cause. of the small yield of the Moisie furnaces is appa-
rently to be found in the incompletely purified condition of the ore. It will Nature of ore. 

be seen in the detailed analyses on page 267, that the iron sand, as now 
prepared for the forge, may, by the use of the magnet, be divided into two 
nearly equal portions. One of these is magnetic, and consists, for the 
greater part, of magnetic oxyd ; it contains over two-thirds its weight of 
iron, and is nearly equal in richness to the magnetic ore used in the New 
Russia forges. The other half is a highly titaniferous oxyd, mixed with 
more or less silicious matter, and containing only 44 per cent of iron; and 
its admixture with the magnetic oxyd, which reduces the proportion of iron 
in the whole to 55 per cent, appears to be not merely useless, but actually 
prejudicial. 
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When an impure ore of iron is treated in the blast-furnace, certain 
substances, called fluxes, are added, which form fusible combinations with 
impurities. Thus, if the ore contains silica, a sufficient quantity of lime 
is smelted with it, and a silicate of lime is formed, while the oxyd of iron, 
being left free, is wholly reduced to the metallic state. In the direct 
method, on the contrary, no fluxes are used, and if silica be present in the 
ore, it combines with a portion of the oxyd of iron, forming a silicate of 

Nature of slags. iron, which melts into a slag or cinder, from which the iron cannot be sepa­
rated in the forge. Thirty parts of silica will, in this way, unite with 
seventy-two parts of protoxyd of iron, equal to fifty-six parts of metallic 
iron. In the case of the somewhat silicious ores of the Pyrenees, treated 
in the Catalan forge, we have seen that three-tenths of the iron present 
in the ore pass into the slag, and the loss would be much greater did not 
these ores hold a considern.ble proportion of manganese, lime and other 
bases, which help to satisfy the affinity of the silica, and to leave the iron 

ilicious irnpu- free. Such substances as these, play the part of fluxes with a silicious ore, 
rities. 

lint if they are wanting, a portion of the oxyd of iron itself is consumed 
fo l' the purpose, forming, in fact, the only flux for the silicious impu­
ri ties, when such an ore is treated by the direct method in the bloomary 
fire. Whenever, in the Catalan forge, the American bloomary fire, or 
::my other direct method, we have to treat an ore containing free silica, 
provided other bases are not present, we must always allow oxyd of iron, 
in the proportiori already indicated, for the saturation of the silica, being at 
the rate of nearly two parts of metallic iron for each part of silica present 
in the ore. It is for this reason, it may be remarked, that kiln-burned 
charcoal is to be preferred, for the bloomary hearth, to charcoal made in 
piles; the latter being generally more or less impure from adhering silicious 
earth, which, by combining with oxyd of iron, causes a waste of the ore. 

The quartzose sand which is mixed with the iron sands, is nearly pure 
silica, and the oxyd of titanium which they contain, appears, from the 
analyses of slags given below, to require, for fluxing it, as much oxyd of iron 
as the silica itself. These slags, in case no other bases than oxyd of iron 
are present, should approach very closely to the composition of a tribasic 
silicate of protoxyd of iron, which, as already explained, contains 30 of 
silica to 72 of protoxyd of iron, or 29.40 per cent. of silica, and 70.60 
of protoxyd, equal to 54.9 per cent. of metallic iron. The highly titani­
ferous slags produced at the Moisie furnaces, contain, in some cases, a 
still large proportion of oxyd of iron. 

Of the following analyses, I is of a crystalline, black, brilliant magnetic 
slag, which contained cavities lined with large pyramidal crystals, apparently 
dimetric in form. It was produced at the Moisie forges in the autumn of 
of 1867. II was a portion of the ordinary slag produced at the time of 
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my visit, in August, 1868, and was similar to the last, but somewhat Moisie slags. 

vesicular, the cavities being lined with very small brilliant crystals. Both 
of these slags readily gelatinized when treated, in powder, with hydro-
chloric acid. The residual silica, however, showed a portion of grains 
of undecomposed ore, which was larger in the second specimen; it was, 
in each case, deducted from the analysis. The whole of iron in both 
of these slags is represented as protoxyd, and the results are compared 
mth those of two analyses of the non-magnetic portion of the ore, copied 
from pages 267 and 268, and here given under III and IV. 

Proto.xyd of iron . ....... .. . 
O.xyd of manganese .... . ..• 
Lime ................... . . 
Magnesia ... ...... .. .. .... . 
Alumina ....... . ...•...... 
Titanic acid .••••...•.... . . 
Silica ....••...•...•....... 

Metallic iron ...•........••• 

I. 
67 .14 
undet. 

1.37 
.so 

20.07 

8 .75 

II. 
52 . 31 
2 .04 

.18 

. 56 

34.05 
11.29 

98.1 3 100. 42 

52.22 40.68 

III. 
58.20 

30.74 
6.14 

45.26 

IV. 
56.38 

1.10 
.95 

28.95 
8.75 

43.85 

From a comparison of the above analyses it will be seen that the first slag 
contains more oxyd of iron than the non-magnetic portion of the ore ; which, 
in the conditions of working, at the time the slag was produced, actually 
dissolved -and carried away a considerable portion of the reducible ore. 
If we were to regard one half of the washed ore as composed of pure 
magnetic oxyd, this., were it wholly reduced, could only yield an amount 
-0f metallic iron equal to 36 per cent ; but the magnetic ore, as we have 
seen, still retains more than 6 per cent of silica and titanic acid, which must 
be removed by fluxing with a portion of the oxyd of iron present, giving 
rise to a certain amount of slag. Meanwhile the non-magnetic ore, in 
melting, removed another portion of iron oxyd, so that when this slag 
was made, more than three tons of a mixed ore, having the composition 
above given, must have been consumed for the production of a ton of 
blooms ; while, of the magnetic portion of the ore, one and a-half tons, or a 
very little more, would suffice. (In the production of the slag II the loss 
of iron was somewhat less.) This explains why the Moisie furnaces 
have yielded, when compared with those of New York and Vermont, so 
small an amount of iron for the labor employed and the fuel consumed. To 
produce a ton of iron it has been necessary to handle twice as much ore as 
is required in forges where a pure ore is treated, and moreover one and 
a-half tons, or more, of worthless material have been fused, and got rid of 
as slag, thus involving a great waste of fuel, as well as of labor. It may 
here be remarked that a portion of slag taken by me from the East Middle· 
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bury forges, contained according, to Mr. Broome's analysis, 48.2 per cent 
of iron (equal to 62.06 of protoxyd), and 16.70 of silica, besides 17.33 of 
alumina, and 1.82 of oxyd of manganese. The amount of slag produced by 
the rich ores which are treated at these forges,is comparatively very small. 

It would seem probable that by a judicious management of the working, 
the waste of iron in the slags at Moisie, might be considerably reduced, 
and this result, we are assured, has lately been attained ; but it will still 
remain true, that a large amount of iron-oxyd must be consumed to flux the 
considerable proportions of silica and titanic acid, which are present in the. 
mixed ore, even after careful washing. 

It should here be explained that the result would be far otherwise if this 
:r~~yg~~~~ in ore, with all its impurities, were to be fused in a crucible with carbon­

aceous matters, with, or even without proper fluxes. In the former case, 
as in a blast-furnace, the whole of the iron which it contains, amounting 
to not less than 55 per cent., might, by judicious admixture, be set free, 
and reduced ; and in the latter cases, without fluxes, it has been shown by 
Percy, that by fusion at a high temperature, in a crucible lined with 
charcoal, the tribasic silicate of iron, already noticed, gives up two-thirds 
of its iron, which is reduced to the metallic state, so that the amount of 
unreduced oxyd retained by the slag would be inconsiderable. From this 
it is evident that the results of fire-assays, or trials on a small scale in 
crucibles, cannot serve as a guide to the working of iron ores in the direct 
method. 

A certa.in amount of lime added to the ore, would doubtless reduce the 
waste of iron in the slags, and thus allow more iron to be obtained from 
the mixed ore ; but although such an addition is useful in the blast-furnace, 
it would require experiments to determine whether the practice could be 
advantageously introduced in working in the bloomary-hearth. In a region 
where the ore is so abundant and so cheap as it is at Moisie, the saving 
of iron is a consideration which should be subordinate to the economy of 
fuel and labor, and the most profitable way of working these iron-sands 
would seem to be by separating and rejecting the non-magnetic portion, 
by some apparatus like that described farther on. 

Quality ofiron. The quality of the iron produced at the Moisie forges is superior. As 
the result of experiments made upon it in England, it is said to possess a 
tensile strength greater than that of Low l\'.Ioor iron, and to work easily 
both hot and cold. It is now employed at Montreal for the manufacture 
ofrailway axles. 

The fact that those objectionable elements, sulphur and phosphorus, 
occur in but very small quantities in the iron-sand of Moisie, has already 
been noticed. It is prcbably to the absence of these that the excellence 
of the Moisie iron is due. In a specimen taken from a bloom which was 
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made in my presence, at the Moisie forges, the presence of sulphur could 
be detected by delicate tests, but its amount was only .0094, or less than 
ro:h·o ; while the quantity of phosphorus present was equal to ·018± 
per cent. This iron contained no trace of titanium in its composition, 
and a small mass of white crystalline cast iron, which had accidentably 
been formed in one of the forges, was equally destitute of titanium. 

The cost of producing a ton of iron blooms directly from the ore, by the cos~ ofbloom­

bloomary process, varies greatly with the prir.e of the dressed ore, which ary iron. 

will depend on the proximity of the mine to the forge, and the richness of 
the crude ore . Thus, the cost of the two tons of dressed ore employed to 
make the fine iron of the Ausable forges, was estimated by Mr. Rogers, in 
1868, at not less than $18·00, while the one and a-half tons of ore con-
sumed at New Russia, would not probably cost more than one-half that 
sum. The following estimate made by a highly competent iron-master, 
in 1868, may serve as a guide to the cost of producing iron at that time 
in New York:-

2 tons of ore . ......•..•.•. . •...... . ........ $10.00 
300 bushels of charcoal r@ Sc........ .. ........ 24. 00 
Wages..................... . . . ..... .. ...... 9.00 
General expenses . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 50 

Cost of the ton of blooms .... . ..•.......•.... $46 . 50 

The above prices are in American currency, which, at that time, was 
equal to about 1 \ 9

0 , making the gold-value $37·20. The estimate of 
another manufacturer, in Clinton county, gave $7·00 for wages. It will 
be observed, moreover, that the amount of charcoal, in the above estimate, 
exceeds the average consumption for the production of a 'ton of blooms, 
which may be taken at about 270 bushels. 

To produce a ton of blooms from cast iron, in what is known in Sweden, comparativ& 

as the Lancashire hearth, there are consumed, according to an authority cost. 

cited by Percy, 23 cwt. of pig iron, and ,90 tops of charcoal. In New Jersey 
and Pennsylvania the conversion of the pig iron, is, for some purposes, 
effected by a somewhat similar process, which involves two operations, the 
melting in the running-out fire, and a subsequent treatment in the 
sinking-fire, as it is called, which is a bloomary forge very like that used 
for the ore in the direct method. To produce a ton of blooms in this 
way, there are consumed 24 cwt. of pig iron, and 100 bushels of charcoal, 
according to one authority, while another estimate gives 120 bushels ; 
the quantity varying both with the quality of the crude metal, and the 
charcoal; while, with some arrangements, the consumption of fuel is much 
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greater. The mean of these, 110 bushels, at 18 pounds to the bushel, 
would give, almost exactly lo of a ton, the amount used in Sweden. 
The quantity of charcoal consumed for the production of a ton of pig iron 
in the United States varies greatly, but in the best constructed and more 
modern furnaces, like those of Michigan, with rich ores, will not exceed 
130 bushels of charcoal of the above weight, which gives, for 24 cwt. of 
pig iron, 156 bushels. (See page 256.) This, added to 110, equals 266 bushels, 
the total amount of fuel required to produce a ton of blooms by means of 
the blast-furnace with the charcoal-finery. '.l'here would appear to be but 
little difference, so far as the consumption of the fuel is concerned, between 
the cost of producing bloom-iron by the direct and indirect methods just 
described. The first cost of the establishment for the former is, however, 
less, and this is probably one of the reasons which has led to the adoption 
of the direct method by the bloomary forge in northern New York. 

The conversion of the oxyd of iron to the metallic state, under the 
influence of solid carbonaceous matter, or reducing gases, takes place at a 
temperature considerably below that at which the affinity of silica for the 
oxyd of iron is exerted. Even the compound of titanic acid with oxyd 
of iron is decomposed at a red heat in contact with hydrogen gas, the 
iron being wholly reduced to the metallic state. If it were possible to 
effect this reduction, and subsequently to eliminate the silica and titanic 
acid from the metallic iron, ores containing these impurities might be made 
available for the direct method ofconversion; but the practical difficulties 
of effecting such a separation are such that the only available modes of 
treating such ores as contain considerable amounts of these impurities, 
are to smelt them in the blast-furnace with proper fluxes, or to effect as 
complete a separation of the impurities as possible, before submitting them 

Purifying oreo . to the process o.f reduction. This, in the case where heavy granular ores 
are mixed with quartz and feldspar, as for example, at the Palmer ore-bed, 
already noticed, is attained by washing away the lighter materials. Where, 
however, the impurity is chiefly titaniferous iron, as in the Moisie sands, 
the separation may be readily effected by means of magnets, a process 
which is equally advantageous where magnetic iron ore is mixed with 
lighter impurities, as quartz or silicious minerals. 

The use of magnets for this purpose has long been taken advantage of, 
and various machines with permanent and with electro-magnets have been 
contrived. A simple and ingenious arrangement for this end, which has 
been invented and patented by Dr. F. A . H. Larue, of Laval University, 
Quebec, appears to be novel in the mode of its working, and is very 
efficient and cheap. The mixed sand or crushed ore is poured through a 
screen, into a hopper, the discharge of which is so arranged as to 
open and close at proper intervals of time, and, falling from this, is spread 
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in a thin and uniform layer, upon a series of aprons arranged, with La1:ue's ma~· 
. netic machme. 

interspaces, between two parallel endless bands, which pass over two 
horizontal cylinders. These aprons, charged with ore, are made, by the 
movement imparted to one of the cylinders, to pass from beneath the 
hopper, and under a series of permanent horse-shoe magnets, 800 in number, 
each capable of sustaining about five pounds weight, arranged upon 
transverse bars, in five rows of 160 magnets each. Beneath these is a 
tympan, covered with muslin, which, when the iron ore is passing beneath 
them, is in the contact with the poles of the magnets. So soon, however, 
as the magnetic portions of the ore have arranged themselves, by magnetic 
attraction, in adhesion to the under side of the tympan, and the apron 
has moved from beneath, and gone forward to discharge the non-magnetic 
portion of the ore at the foot of the machine, the tympan is momentarily 
withdrawn a short distance from the poles, and the adhering magnetic ore 
falls in the open space between two aprons, into a receptacle placed below. 
This process of loading and unloading the magnets can be repeated twice in 
each minute. 

These machines, as now constructed, occupy a space of about six feet by 
five, and are four feet high ; they are said to cost, at Quebec, at about 
$500 each. One, of these dimensions, will, according to Dr. Larue, treat 
in an hour, three tons of sand holding one-third of magnetic ore, separating 
from it one ton, containing over ninety-nine per cent of magnetic grains. 
I have myself seen only a smaller machine, the first one constructed, 
which had a capacity of about one-half that just stated. The motive 
power required is very small, and the mechanism, as will be seen from the 
description, exceedingly simple. Dr. Larue observes, that, inasmuch as a 
rich sand may be passed through the machine as rapidly as a poor one, the 
yield is directly proportionate to the amount of magnetite present, so that 
a sand containing one-fourth as much as that above mentioned, would 
yield about six tons of purified sand in twenty-four hours. Even very 
poor sands may, probably, with this machine, be treated with advantage. 
The same process of purification may doubtless be applied with advantage, 
after crushing, to the preparation of lean massive magnetic ores for the 
bloomary fire, or for other direct methods for conversion into iron and 
steel. A process of partial reduction, at a low red heat, will render non­
magnetic iron ores attractable by the magnet, a reaction of which Chenot 
long since proposed to take advantage, for the purification of such iron ores 
as are not naturally magnetic. 

In accordance with the well-known fact that the reduction of oxyd of 
iron takes place at a temperature very much below that required for its 
subsequent carburation and fusion, it has been shown that the charge of 
ore in a blast-furnace is converted to the metallic state some time before it 
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descends to the zone in which melting takes place. It forms, when reduced, 
a spongy mass, readily oxydized, which, by proper management, can be 
compressed and made to yield malleable iron, or by appropriate modes of 
treatment, may be converted into steel. This fact has been the starting 
point of a great number of plans designed to obtain malleable iron and 
steel, without the production of cast-iron and the employment of the 
processes of puddling and cementati_on. This, it is true, is attained in 
Catalan and bloomary forges, but the attention of many inventors has 
been, and still is, directed to the discovery of simpler, or at least of 
more economical methods of obtaining similar results. A short sketch of 
the various new processes will not be without value, as bearing upon the 
utilization of the iron ores of Canada, and especially of its iron sands. 

Of these, the method of Chenot is best known. His experiments seem 
to have been commenced about forty years ago, since we are informed 
that he had erected a large furnace for the direct treatment of the ores of 
iron, in 1831, although his results were not brought before the public until 
twenty years later, at the International Exhibitions of 1851 and 1855. I 
was a member of the International Jury at the latter, and had an oppor­
tunity of studying Chenot's process as then conducted, on an industrial 
scale, at Clichy, near Paris. A description by me of the process as then 
and there practised, will be found in the report of the Geological Survey 
for 1855-57 (page 397). Rich peroxyd ores were broken in small pieces, 
mixed with a portion of charcoal, and placed in large vertical rectan­
gular muffles or retorts, enclosed in a gas-furnace, and heated to redness. 
The ore, after being reduced to the state of metallic sponge, passed down­
wards into an air-tight cooling-chamber, which was a continuation of the 
muffle, and when sufficiently cooled, was withdrawn. The spongy metal, 
thus obtained, was then exposed to a welding heat in a proper furnace, and 
formed into balls, which were afterwards treated like the balls from a 
puddling-furnace, and gave malleable iron. By impregnating the metallic 
sponge with oily and tarry matters, and afterwards expelling these by 
heat, a sufficient amount of carbon was fixed in the metallic sponge to 
convert it into steel. By grinding, compressing and melting this carbon­
ized sponge, cast-steel of a superior quality was manufactured at prices 
which, it was claimed, were much below the cost of steel prepared by 
cementation of bar iron. This process was subsequently introduced in 
several places in France, Belgium and Spain, where it was applied to the 
manufacture of bar iron, and up to 1863 at least, was worked on a con­
siderable scale at Baracaldo, in Spain, where, in 1859, about ten tons of 
iron were manufactured daily from iron sponge. 

A very important modification of the process already described, in 
which the beating was effected externally and indirectly, consisted in the 
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internal or direct method of heating. In this the outer furnace and the Chenot's direct) 

admixture of charcoal with the ore were both dispensed with. The vertical heating. 

reduction-chamber was filled with ore only, which was reduced by the 
action of currents of heated carbonic oxyd gas, obtained by forcing 
air, at a pressure equal to half an inch of mercury, through two gene-
rators filled with ignited charcoal. This mode of producing the sponge 
was found much more economical than that by indirect or external 
heating. The working results of the direct method, as carried on at 
Lamarade, in Spain, in 1863, are given by Percy; from which it appears 
that for the production of one ton of blooms, there were consumcd 1.87 
tons of charcoal. The greater part of the fine Swedish iron used at Shef- ~o~'rparative 

field for the manufacture of steel, is produced from charcoal-made pig, 
treated in a charcoal-finery, known as the Lancashire hearth, and is 
obtained with a consumption of charcoal, which, for the united processes 
of reduction and refining, amounts to 1.90 tons for the ton of blooms, a 
result almost identical with that of the process of Chenot. (Percy, Metal-
lurgy, pp. 342-596.) The modified Catalan forge, and the American 
bloomary fire, as we have seen, produce malleable iron with a consumption 
of charcoal which is not very much greater, and with a simpler, and probably 
less expensive apparatus than that required for the Chenot process ; while 
the method by the blast-furnace permits of the use of ores which are unfit 
for treatment by any of these direct processes. 

The patents granted to Clay, in England, in 1837 and 1840, were for Clay's method 

the manufacture of malleable iron by a process essentially the same with 
Chenot's earlier method of indirect or external heating. According to 
Clay, hematite ores were mixed with one-fifth of their weight of charcoal, 
coke, or other carbonaceous matter, and heated to bright redness in a clay 
retort, or other suitable vessel, until the ore was converted to the metallic 
state. When the reduction was complete, the spongy iron (without previous 
cooling, as in Chenot's plan,) was transferred directly to a puddling-
furnace, where it was brough~ at once to a welding heat, made into balls, 
and then wrought into blooms in the usual manner. This process was 
tried on a pretty large sea.le near Liverpool, in 1845-46, and although 
iron was regularly made by it for some time, and to the amount of 1000 
tons, the process was not found to be commercially profitable, and was 
abandoned. 

The process of Renton, patented in the United States in 1851, was Renton's pro· 

very similar in principle and mode of working to that of Clay. The mix- cess. 

ture of ore and coal was introduced into a vertical muffle or retort, which 
was inclosed 'in the flue or chimney of a furnace, not unlike an ordinary 
puddling-furnace. The contents of the muffle, being sufficiently heated, 
were reduced to the metallic state, and, from time to time, discharged from 
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the bottom, into the furnace, where the spongy iron was exposed to a 
welding heat, and wrought into blooms. This process, after having been 
essayed on an industrial scale at Oincinnatti, and at Newark in New 
Jersey, was abandoned. A similar fate attended the trials, on a large scale, 
of Harvey's patented process, at Mott Haven, near New York, about the 
same time. In this, the coarsely powdered ore, mixed with charcoal, was 
placed on inclined trays or shelves of steatite, in a heated chamber con­
nected with a welding or balling-furnace. The flame from a fire below 
was made to pass through the chamber, and the ore, being at length reduced 
to the metallic state, was transferred to the hearth below, and there 
converted into blooms. For a farther description of these various pro­
cesses, and the similar plan of Yates, the reader is referred to Percy 's 
Metallurv,1;, pp. 330-348. 

Ohenot's plan of reducing the ore by a current of carbonic-oxyd gas, 
was adopted by Gurlt, who used the direct mode of heating, already 
noticed. The gases from the generators charged with fuel, were led 
through flues, into the. vertical reducing-chamber, a blast of air being at 
at the same time introduced into the flues, in sufficient quantities to keep 
up the combustion of the gases. By this means, according to the speci­
fication, "there passes into the shaft a mixture of flame and carbonizing 
and reducing gases, by which the iron ore is heated" and carbonized. 
According t-0 Gurlt's patent-specification, (No. 1679, London, July 10, 
1856,) by continuing, for a sufficiently long time, the action of the gases, 
the resulting iron sponge may be more or less carbonized, so as to yield, by 
subsequent fusion, either cast iron or steel. These partially carbonized 
products he proposed to melt in a reverberatory gas-furnace, the blast of 
air into which is to be "so regulated that it exactly burns the gas produced 
in the generators," and that neither unburned gases nor unconsumed air 
escape ; the object being to ?btain a neutral flame, which should not 
alter the sponge upon the hearth. In this way carbonized sponges from 
rich ores, are said to have been successfully converted into cast iron in 
Spain. 

Gurlt's ingenious spRcification thus involves the idea of first reducing 
the iron ore to a metallic sponge, and afterwards carbonizing this sponge~ 
so that, by subsequent fusion, it may be converted into cast iron or steel. 
Although the conception of thus carbonizing the iron while in a spongy 
state, is probably novel, the use of carbonaceous gases or vapors for 
carbonizing iroJ:l, and converting it into steel, is not new, as may be seen 
from the patent for this purpose granted to Macintosh in 1825. The 
experiments of Percy upon iron wire have also shewn the rapid carbonizing 
effect of coal-gas and heavy oily vapors, like those of paraffine; (Metallurgy, 
pages 109 and 773) and, according to Marguerite, carbonic-oxyd gas, at 
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an elevated temperature, yields up a portion of its carbon to iron, which is 
thus converted into steel. Practical difficulties have hitherto prevented 
the application of hydro-carbon gases and vapors to the carbonizing of bar 
iron on a large scale. 

With the results of Chenot, Gurlt, and Macintosh before us, we are 
prepared to understand the process of Dr. George Hand Smith, of 
Rochester, New York, which is just now attracting some attention in the 
United Statesi for the production of steel. The crushed and purified ore, 
or iron sand, mixed with a portion of pulverized charcoal, is heated in a 
kind of reverberatory furnace, with an arrangement which permits the 
vapor of petroleum or coal-tar to pass throuµ;h the mass, thus aiding in the 
reduction, and finally carbonizing the resulting sponge, which is then trans­
ferred to a puddling-furnace, to be wrought into iron, or, if properly car­
bonized, into steel. 

Before proceeding farther, mention should be made of some other ~1ai:s for work· 
rng 1ron sands. 

methods which have been devised for the treatment of iron sands, and for 
their conversion into iron or steel. In 1851 a patent was granted to 
Stenson, for a process for working the iron sands of New Zealand, and 
similar ores from India. These were to be mixed with small portions of 
clay and lime, with or without the addition of charcoal; the mixt.ure wa . .,: 
ground in a pug-mill, with water, and formed into lumps, for subsequent 
treatment in the blast-furnace. In 1862, Moreau proposed to mix iron 
sands with iron filings or turnings, and then incorporate them with fue l. 
such as peat-coal or coke; the mixture being made into blocks, which ;..-en~ 
to be smelted in suitable furnaces. In 1866, Mr. James Hodges, who wa::> 
not acquainted with the experiments of Moreau, moulded the iron sands of 
n!oisie into blocks with peat, and by treating these, after drying, in a proper 
furnace, succeeded in converting the ore into malleable iron, at a single 
operation. (Report of Geological Survey for 1866, p. 291.) 

Messrs. Whelpley and Storer of Boston effect the reduction of the iron 
sand ore, or pulverized ores, on the hearth of a reverberatory furaace, which 
is heated, in part, by pulverized coal, borne by a blast of air over the fire 
of solid coal upon the grate. In this way the furnace-chamber is fillecl 
with a volume of burning coal-dust, which can, by regulating the supply of 
coal and of air, be made either oxydizing or reducing. The heated ore 
upon the furnace-hearth is thus reduced to the metallic state, balled ancl 
made into blooms, with, it is claimed, a great economy of fuel. 

It has also lately been proposed to convert these sands into steel or cast 
iron, by melting with a sufficient admixture of charcoal in crucibles, or 
other closed vessels, heated from without. This is, in fact, nothing more 
than an extension of the dry method for assay of iron ores. A patent for 
making steel in this way, by treating rich ores, mixed with carbonaceous 
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steeldirectfrom matter, in air-tight melting-pots, was granted to Lucas, in 1791, and a 
the ore. similar claim was made by David Mushet, in 1800; while, according to 

Percy, "experiments in the direct production of cast steel from iron ores, 
in crucibles, were made by Riley, at Dowlais, a few years since, and 
although excellent steel was occasionally produced, it was not found pos-

Pon.::ard's 
resu1t:; . 

Johnson's 
patent. 

sible to ensure uniform results." (Metallu1·gy, p. 765.) 
More recently, Ponsard has brought forward a similar process, the 

results of which were communicated to the French Academy of Sciences, 
July 19, 1869. This arrangement consisted of a number of fire-proof 
crucibles, about eight inches in diameter and forty inches high, which were 
placed in a reverberatory gas-furnace, the mouths of the crucibles being 
fitted into openings in the furnace·roof, for convenience of charging. The 
lower part of the crucible is perforated, and rests on the sole of the 
furnace, which is furnished with gutters leading to a depression or basin 
in the middle of the furnace-hearth. The crucibles are charged with the 
ores, mixed with proper fluxes, and about twelve per cent. of carbon, suffi­
cient to effect the reduction and carburation of the iron, which, under the 
influence of a very intense heat, melts, and, running through the holes in 
the bottom of the crucible, collects in the basin in the middle of the fur­
nace. According to Ponsard, a ton of coal is consumed for each ton of 
iron produced, so that the process cannot be recommended for its economy 
of fuel. He, however, claims as a great merit of this process, the complete 
separation of the fuel from the carbon required for the reduction of the 
ore, so that for the furnace, inferior kinds of combustibles, which, if brought 
directly in contact with the ore, would injure the quality of the met al, 
may be used with safety and advantage. 

The process patented by Johnson, Jan. 22, 1868, as described in the 
Practical Mechanics' Journal for June, 1869, (quoted by Osborn in his 
.M~etallurgy of Iron and Steel, page 868) is, however, exactly similar, in 
all its details, to that of Ponsard, which was first announced as a novelty to 
the French Academy, July 19, 1869, eighteen months later. In a specifica-

Larue's patent. tion dated at Quebec, July 161 1869, Dr. Larue claimed, and subsequently 
received letters-patent for Canada, for a process similar in design to that 
of Johnson, of which he was ignorant. Although there were differences 
in detail, the avowed object in both plans was to separate the ore, with the 
carbon required for its reduction, from the fuel, (which might, conse­
quently, be of an inferior quality,) and to permit of a continuous charging 
and discharging of the crucible. The difficulty of constructing sufficiently 
refractory crucibles for the intense temperature, and the small yield to be 
expected from such a process, would perhaps prevent it from ever being 
used for the manufacture of cast iron. Dr. Larue, however, anticipated 
its application to the production, not of cast-iron, but of cast-steel, which 
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would require a very nice adjustment of the proportions of carbon to 
secure a uniform quality in the product ; as in the ancient processes of 
Lucas and Mushet, and the more recent experiments of Riley, mentioned by 
Percy, and referred to above. 

Two processes for the production of steel are those which depend, cast steeu. 

respectively, on the combination of cast iron in proper proportions with 
malleable iron or iron sponge, and with oxyds of iron. In the specification 
of a patent granted in 1839, Heath claimed the production of steel by Heath's patentiJ. 

melting with cast-iron, either wrought iron, or oxyds of iron or manganese. 
In a second patent, granted to him in 1845, he described an arrangement 
by which the cast-iron was kept irr a molten condition, in a gas-furnace, 
while pure iron in scraps, or in sponge, obtained by reducing oxyd 
of iron, as in Chenot's and Clay's method, was added from time to time; 
until, by trial, the proper quality of metal had been obtained, after which 
the liquid steel was run into ingots. Other processes, based on the reactions 
-embodied in Heath's first patent, are those of U chatius, (patented in 1855,) 
who melts granulated cast iron in crucibles, with a certain proportion of 
pure oxyd of iron, and thus obtains a fine quality of steel, (a process 
already specified in Wood's patent, in 1761) ; and that of Brown, (patented 
in 1856) who, to produce steel, melts, in crucibles, mixtures of pig iron 
and clipped bar iron. This method is practised to some extent in Sweden, 
where it is known as the Obersteiner process. 

In the process of Obuchow, which appears to be successfullv used in Obuchow's 

Russia, fine pig-iron is melted, and run into a large crucible, previously method . 

heated to whiteness, and holding magnetic iron ore, alone, or with titanic 
iron sand and iron and steel scraps. The crucible is then heated till the 
contents are perfectly fluid, some nitre and arsenious acid are added, and 
the steel run into ingots. By a somewhat similar process to this, Ellers-
hausen attempted to produce steel, by pouring molten cast-iron upon 
previously oxydized sheet-iron, heated to redness, and placed in a heated Ellersha11son.'s 

vessel. The oxyd dissolved in the molten iron with violent chemical pi.an. 

action, decarbonizing it, and producing a kind of steel; but it would pro-
bably be difficult to effect a thorough conversion of the iron without keeping 
up the heat from without; which was not done in Mr. Ellershausen's first 
experiments, made in Montreal, in the spring of 1868. 

The above processes, however, involve the use of crucibles, and it had 
become a great desideratum to produce cast steel upon the open 
hearth. · This was the aim of Heath, in his process described above ; but 
the difficulties in producing and controlling a heat sufficient for the purpose, 
were so great as to render the efforts in this direction but partially success­
ful, until the regenerative gas-furnace of Siemens placed in the hands of 
metallurgists the means of fusing large bodies of steel on the hearth of a 

v 
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reverberatory. Provided with this, the Messrs. Martin, of Sireuil in 
France, have succeeded in producing cast steel, in charges of three and 
four tons at a time, by melting down wrought iron in a bath of cast iron, 
by what is now known as the Siemens-Martin process. The products thus 
obtained, attracted much attention at the Paris Exhibition, in 1867, and 
the process has since been widely adopted in Europe and in the United 
States; where it was first introduced by Messrs. Cooper, Hewitt & Co. , 
and is now in suecessful operation at their works at Trenton, New Jersey. 

Beginning with a bath of six hundred weight of pig iron on the hearth, 
malleable iron, as puddle-bars, for instance, is added, previously heated to­
whiteness, and rapidly dissolves in the molten cast iron, until, at the end 
of about four hours, the charge amounts to three tons, and will be found 
to consist of a soft, nearly decarbonized metal. It is then recarbonized 
by the addition of from five to eight per cent. of spiegeleisen (manga­
nesian cast iron), as in the Bessemer process, and run in moulds. '.I'he 
bath of molten metal, during the process, is protected by a covering of 
fused slag or cinder. 

The furnace-bottom for this process is made up of a silicious sand, which 
must not be quite pure, but contain some alumina or other bases, so that, 
under the influence of the high temperature, it may harden, without melting, 
forming an impervious crust, which will resist, for a considerable time, the 
action of the molten steel. The upper part of the furnace is built of 
Dinas fire-brick. Attempts have been made to use an admixture of oxyd 
of iron with the pig metal, in this process ; but it is found that the corro­
sive action of the oxyd, at a high temperature, upon the furnace-bed is 
such as to preclude its employment. The entire cost of a furnace with a 
capacity of producing three tons of cast steel, with gas-producers, gene­
rators, and all the apparatus for moving the ingot-moulds, is, in England, 
about £500 sterling. 

BeHemer's pro· This process, it is true, cannot compete with the Bessemer or pneumatic 
cess. method forthe cheap production of cast steel in large quantities; but while 

the latter is applicable only to certain fine kinds of cast iron, comparatively 
free from phosphorus and sulphur, the process in the open hearth 
permits the employment of other qualities of iron. These, in being 
reduced, by puddling or otherwise, to the condition of malleable iron, are 
deprived of the impurities prejudicial to steel, before being added to the 
iron bath. While, therefore, the Bessemer process will probably remain 
without a rival for the treatment of the purer cast-irons, the production of 

Heaton pro· 
cess . 

steel by the open hearth will perhaps become even more important, 
because of wider application. The Heaton process, for which so much was 
claimed as a method for the production of steel from impure cast iron, by 
the action of nitrate of soda, appears, from the late careful studies of 
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Gruner, destined to become subsidiary to the production of steel in the 
open furnace. Gruner concludes that it " can never, from any point of 
view, become a substitute for the Bessemer and Martin processes. These 
produce ingots of steel, or homogeneous iron, from pure brands. The 
Heaton process deals with impure brands, and seeks to convert them into 
a refined metal, more or less purified, the treatment of which has to be 
finished in a Siemens furnace." He further declares that the only 
advantageous way of treating the products of the action of nitrate of soda 
on cast iron, is to submit them to the Siemens-Martin process. (Annctles 
des Mines for 1869, fifth part.) 

Jl.Ir. Bessemer has very recently made experiments upon the working of 
his process, under pressure, by which he obtains such an elevation of tem­
perature, as, it is expected, will enable him to introduce malleable ·iron into 
his converters, and thus effect in them what Martin does upon the open 
hearth. In the mean time Siemens has, by the aid of his furnace, been 
able to carry out a part of the original plan of Heath, who, in 1845, ~~~~:s~~·s direct 

proposed to reduce iron ores, by heating them, in small fragments, with 
charcoal, in a close vessel, as in the methods of Chenot and Clay, and to 
add the resulting spongy iron to the bath of molten cast iron. The reduc-
tion is, by Siemens, effected by a plan which combines the indirect and 
·direct methods of Chenot. 

Above the furnace, and immediately over the bath of molten cast iron, 
which occupies the hearth, are two large tubes of refractory clay, enclosed 
in an outer casing, through which the flame from the furnace passes, and 
allows these tubes, or reduction-chambers, to be heated, with their contents, 
to redness. They are charged from the top with finely broken rich ore, 
through which a current of previously washed and purified carbonic oxyd 
gas, from the common gas-generator of the furnace, is forced, and reduces 
the ignited ore to the condition of a metallic sponge of pure iron; this, 
descending, is at once dissolved in the molten cast-iron bath, and effects its 
conversion to steel, precisely as in Martin's plan, where solid malleable 
iron is made use of. In certain cases, as with very finely divided ores, the 
reduction is effected by an admixture of about ten per cent. of charcoal, 
or other carbonaceous matter. 

Siemens has already manufactured excellent cast steel by this method, 
and there is no doubt that, in the case where pure oxyds, free from sulphur 
and phosphorus, can be obtained, the mode of directly producing steel 
with spongy iron may be advantageously employed. 

A simple and ingenious process, based, like that of Siemens, on the Leckie '" patent 

oirginal suggestion of Heath, has recently been devised and patented by 
Mr. Robert G. Leckie of Montreal. Having found that when finely-
divided iron ore, as magnetic iron-sand, was made into lumps with peat, 
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coal, or other carbonaceous matter, not in excess, and exposed to redness-, 
out of a current of air, there results a nearly pure spo?gy meta.Ilic iron, 
he proposes to obtain iron in this way, and add it to the bath of molten 
cast iron, in a reverberatory gas-furnace. The ore, agglomerated with the 
reducing material, is to be placed in one or more large chambers or ovens, 
in the rear of the hearth, and, when sufficiently heated to effect its reduc­
tion, is to be added to the bath of molten iron. He expects soon to test, 
on a working scale, this mode of making cast steel in the open hearth, to 
which the purified magnetic iron sands of Canada, from their freedom 
from sulphur and phosphorus, would seem to be peculiarly well adapted. 

It is one of the great advantages of the Siemens furnace, that by a 
judicious regulation of the supply of air, and by proportioning it to the 
gaseous fuel, it is possible to obtain, at will, either an oxydising, a reducing,. 
or a neutral flame ; a point of much importance in the fusion of metals in 
the open hearth, which was already indicated in Gurlt's specification, 
as explained on page 46. 

The employment of gaseous combusibles has been greatly extended 
since the successful use of the regenerative principle by Siemens. This 
consists in allowing the heated gases, after combustion in the furnace­
chamber, to pass out, downwards, through two chambers packed with fire­
bricks, so arranged as to allow a free passage of air between them, to 
which they impart their heat ; the waste gases passing off into the 
stack at a temperature seldom above 300° Fahrenheit. After an interval 
of from half-an-hour to an hour, the current is changed, and the gases are 
led off through another pair of regenerators ; while those which had been 
heated by the escaping gases are now used to conduct the air and gas 
for keeping up the combustion ; these passing in through the heated 
regenerators, have their temperatllre greatly raised before entering the 
combustion-chamber. By alternately making each pair of regenerators 
the channels for the passage of the gases to be burned, and for the 
waste products of combustion, a very intense temperature is maintained in 
the chamber, with very little loss of heat. 

Coal and dry wood have generally been used in the gas-generators, 
where, by a partial combustion, the solid fuel is converted into com­
bustible gases. With wet fuel, a large amount of steam becomes mingled 
with the gases, where its presence is very objectionable. This difficulty 
has, however, been entirely obviated by a system lately devised in Sweden, 
which may become of great advantage to Canada. I have therefore thought 
it best to copy from Mr. Abram Hewitt's Report on the Production of 
Iron and Steel at the Paris Exhibition of 1867, the following account 
of this valuable invention. This report, published by the United-States 
Government, contains excellent drawings of the furnace : 
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"The furnace devised by F. Lundin, of Carlstadt and Munkfors, is Lundin'sfur-
nace. 

designed for the ?onsumption of turf and peat, without drying, and of wet 
saw-dust or other moist fuel ; an invention deemed so valuable that the 
association of Swedish iron-masters have rewarded Lundin by a gift of 
$10,000, which, in Sweden, is a very considerable sum. In this furnace~ 
the fuel is fed by a hopper, into a reservoir resting upon an inclined grate, 
supplied from below with air from a blower. The products of the combustion. 
thus maintained, pass through a condenser, where all the moisture in the gas 
is condensed. The gas then passes to the heating-furnace, which is furnished 
with Siemens's regenerators." 

It is found easy to use fuel holding as much as forty-five per cent. of 
water. The gas, as it issues from the producer charged with such wet 
fuel, contains one fourth its weight of watery vapor. It passes at once 
into a chamber in which, from perforated pipes, small streams of cold 
water are discharged, crossing each other in various directions, and filling 
the chamber. By this, the gas is greatly cooled, and the acid and tarry 
matters present, with much of the steam, are condensed. It then passes 
through a second chamber, filled with wrought-iron bars, arranged like the 
bricks in the heat-regenerators, and kept cold by a stream of water 
trickling over them. The gas, which 'ltt the time of its escape from the 
producer, was heated to the melting point of lead, is thus cooled down until 
it retains only four per cent. of watery vapor. 

" The expense of building a full-sized furnace, in Sweden, is about $2500 
in currency, and it is estimated that such a furnace will utilize 1700 tons of 
fuel in a year, at a saving proportioned to the cost of other fuel in the 
particular locality where it is employed. In Sweden, it is estimated that 
the annual saving, resulting not merely from the fuel, but from the repairs 
of the furnace, and the increased temperature, amounts to over $5000 
per annum, on the product of each furnace. * * * • * * * ·* * * The­
gas produced by seasoned wood contains more water than that which 
proceeds from the Lundin condenser. The duration of the furnace is 
simply surprising, and is to be attributed, probably, to the fact that there 
is no cinder. In eight weeks, the thickness of the roof, four inches, was only 
diminished from i to t inch, an'd the side-walls were entirely uninjured. 
So wonderful is the success of this system of condensation, in connection 
with the Siemens regenerators, that, in Sweden, and, in fact, everywhere 
where moist fuel is employed, the Lundin furnace will supersede every 
other. Its great merit is, that it is available for any kind of fuel 
whatever. In the United States it is believed that this arrangement 
might be employed advantageously for washing the gas obtained from 
mineral coal ; but its chief merit consists in the fact that in mineral 
regions, far removed from the coal fields, it is possible to establish iron, 
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works, using saw-dust or peat with entire success and great economy. In 
the lumber regions of Lake Superior it will be found to have a special 
value, because there is an abundant supply of pig-iron, accessible to the 
saw-mills on Green Bay and in Michigan, producing enormous quantities 
of saw-dust, slabs, and waste timber." 

By the aid of the Lundin furnace, combined with the regenerators of 
of Siemens, Rinman has succeeded in producing steel by the Martin pro­
cess, using only pine saw-dust for fuel. When such results can be obtain­
ed with saw-dust, or with ordinary peat, the want of mineral coal need no 
longer be an obstacle to the development of the metallurgical industry of 
this country. 

The gas-furnace of Boetius, which is now used for zinc-smelting, and in 
many glass-works, in France, is simpler and less expensive than that of Sie­
mens. It does not make use of the regenerative principle, and hence the 
waste heat can be employed or boilers or for other purposes. In this fur­
nace, however, there being no condenser as in the Lundin system, only 
dry fuel can be made use of. The air which serves to burn the combusti­
ble gases in the furnace-chamber, is heated by passing between the walls 
of the generator and an outer casjng, these walls being made very thin, 
and supported at intervals, by bricks, which are built both into them 
and their envelope. This furnace does not enable us ' to obtain a heat 
sufficient for the production of cast steel, but is well adapted for puddling 
and reheating iron, as well as for zinc and glass-works, and is said to 
economize from 30 to 33 per cent. of the fuel. This description is taken 
from a paper by Gruner, professor of metallurgy at the Ecole des Mines of 
France, which appears, with working-drawings, in the Annales des Mines 
for 1869, fifth part. The same paper contains, also, descriptions, with 
drawings, of the Siemens-Martin steel process, besides an account of Pon­
sard's experiments, and of the Ellershausen process. 

THE ELLERSHA.USEN PROCESS FOR MALLEABLE IRON. 

The removal from cast iron of its carbon and silicon, and its conversion 
Malleable iron. into malleable iron, is chiefly effected in two ways : of these the first consists 

in melting down the pig metal, before the blast, in an open fire known as 
a hearth-finery or bloomary, somewhat resembling the bloomary hearth 
used for the tdirect process of reduction in the United States. In the 
second method, the metal is melted and decarbonized in reverberatories, 
known as puddling-furnaces. In the puddling process the carbon of the 
iron is removed, partly by the oxygen of the air, and partly by that of the 
oxyd of iron, which, in the form of iron ore, is used for lining, the sides 
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of the furnace, E>r fettling, as it is called, for which purpose large 
quantities of magnetic and hematite ores are consumed. 

In both of these processes the cast iron is melted, but there are two 
methods, which have have long been known, in which the decarbonization 
of cast iron, and its conversion into malleable iron, are effected without 
fusion. In one of these, small objects of cast iron are imbedded in pulver-
ized hematite ore, in carefully closed crucibles, and are then exposed for 
three or four days to a red heat ; when, if the size of the castings is not too 
great, they are found to be decarbonized, and changed, throughout, into soft 
malleable iron. In this wav are prepared the so-called malleable castings. JUal~eable 

• castmgs. 
Very similar to this, in principle is, a process practiced in Wales some half a 
century or more since, and described by Percy, after Mushet (Metallurgy, Old w elsh 

p. 803). Granulated or shotted cast iron was mixed with a certain propor- process. 

tion of bloomary cinder, rich in oxyd of iron, and the mixture exposed for 
some hours, in covered crucibles, to a red heat. At the end of this time it 
was found that the grains of iron were decarbonized, and capable of being 
welded together ; having been, in fact, converted into malleable iron by the 
action of the iron-oxyd. 

By another process, the use of the oxyd of iron is dispensed with, and 
the iron is kept at a red heat, in contact with the air. In Tunner's method, Tunner's 

plates of cast iron, from one-half to three-fourths of an inch thick, are method . 

packed in boxes of quartz sand, so arranged as to permit the passage of 
air, and exposed to a glowing red heat for several weeks ; at the end of which 
time the metal is found to be decarbonized,and converted into malleable iron. 
The impurities which form fusible slags, appear, in these methods of pro­
ducing malleable iron, to be separated in a liquid form; sweating out, as it 
were, from the pores of the iron; 

With these facts in mind, we are prepared to understand the results 
obtained by Mr. Ellershausen, which have given rise to the process bear- Ellershnsen's 

ing his name. In 1868, while making experiments on the production of discoyery. 

steel, he endeavoured to incorporate coarsely pulverized oxyd of iron with 
molten pig metal, with the intention of subsequently melting down the 
mixture, and thus obtaining cast steel, by a process essentially the same 
with that of Wood and Uchatius (page 293). 

He found however, that the composite ingots of ore and pig metal, when 
h~ated on the hearth of a reverberatory furnace, did not fuse, but that the 
metal was rapidly decarbonized, and, with the separation of a considerable 
amount of liquid slag, converted with malleable iron, which could be taken 
at once to the squeezer, and rolled into bars of a quality superior to those 
produced by the method of puddling. 

It might at first appear that, as in the production of malleable castings, 
the mingled oxyd of iron was the sole agent in thus decarbonizing and 
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effecting the conversion of the metal, but subsequent experiments 
have shown that by reducing the proportion of ore much below that required, 
by theory, to effect the change; and even by replacing a portion of the ore 
by powdered charcoal, whose effect would seem to be the reverse of oxy­
dizing and decarbonizing, as good results were obtained as before. In the 
pig-bloom, as the aggregate of pig metal and ore is termed, the iron is much 
subdivided, being partly in grains, and partly enveloping the granules of 
iron ore; the whole forming a somewhat porous aggregate, which is pervi­
ous to air, and thus offers a great extent of surface to its oxydizing action, 
as well as to the action of the intermingled oxyd of iron. Where an admix­
ture of charcoal is used, it would soon be destroyed by combustion, and by 
the action of the accompanying iron-oxyd, and the mass rendered still more 
permeable to the air ; so that the finely-divided white cast iron of the pig­
bloom becomes rapidly decarbonized under the joint influences of the oxygen 
of the air and that of the ore. The ore, being in part reduced to the metallic 
state by the carbon and silicon of the cast iron, tends to make the loss of 
iron less than in the puddling process. In this view, the Ellershausen 
method unites the reactions of the process for malleable castings, and the 
Welsh process above described, where oxyds of iron are the decarbonizing 
agent, with that of Tunner, in which the decarbonization is effected by the 
oxygen of the air. 

If we suppose the oxygen of the mingled iron ore to be the sole decarbon­
izing and purifying agent, the reaction would be as follows: the carbon of 
the pig iron, with the oxyd of iron, would give rise to metallic iron and car­
bonic-oxyd gas ; while the silicon, which the crude metal always contains, 
in variable quantities, would reduce another portion of the oxyd, liberating 
metallic iron, and forming silicic acid. This, in its turn, would unite with 
a portion of unreduced oxyd of iron, to form a fusible silicate or slag, of the 
composition already referred to on page 282. 

If we take the magnetic oxyd of iron, the reaction with carbon would be 
represented by 

Fe 3 0 4 +40=3Fe+4CO, 
while with silicon we should have 

Fe 3 0 4 +Si= Fe+ Si02 ,2FeO. 

The above equations lead to the following results for each unit of car­
bon and silicon in the pig iron : 

l carbon requires 4·83 magnetic oxyd, and gives iron 3·5, carbonic oxyd 2·33 
1 silicon " 8·28 " " " " " 2·0, silicate of iron 7·28 

Thus a pig iron holding, for example, 95·00 per cent. of iron, 4·00 per 
cent. of carbon, and 1·00 of silicon would require, 

4 X 4·83 = 19·32 of magnetic oxyd. 

1 x 8·28 = 8·28 " " " 

27·60 " " " 
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and should yield 16 parts of reduced iron, and 7·28 of silicate of iron. In 
the case of some pig irons, which, in addition to 4·0 or 4·5 per cent. of 
carbon, contain 2·0, or even 2·5 per cent of silicon, the quantity 9f mag­
netic oxyd required, according to the above formulas, would be greatly 
increased. In the trials on a large scale, for the production of malleable 
iron by the Ellershausen method, at Pittsburg, Dr. Otto Wuth made care- Wuth's anal· 

ful analyses of the pig metal, and the resulting products, both iron and slag. yses. 

From these analyses it appears that when 100 parts of a metal, holding over 
1·0 per cent. of silicon and 4·2 per cent. of carbon, were mixed with from 
28 to 30 parts of magnetic or hematitic iron ore, and treated as above 
described, the silicon, and nine-tenths of the carbon were removed, together 
with most of the sulphur and phosphorus. At the same time the resulting 
slag was much richer in iron than that obtained in puddling the same iron, 
or, indeed, than most slags from the puddling-furnace. It contained an 
amount of iron equal to not less than 64·7 per cent. of metal, and 
but 8·95 per cent. of silica, while the saturated silicate of iron, whose for, 
mula is given above, contains but 54·9 per cent. of iron, and 29·4 per cent 
of silicon. The highly basic slag from the Ellershausen process, as anal-
yzed by Dr. Wuth, has thus a composition corresponding to a mixture 
of abo'.lt 30 per cent. of a saturated silicate of protoxyd of iron, (with small 
por•:ons of lime, magnesia, and alumina,) and 70 per cent. of magnetic 
o-.yd of iron. 

From this it appears that a large part of the ore added to the pig metal 
is not consumed, but passes off in the slag; and it would seem that, in this 
case, the principal action of the oxyd of iron had been the removal of the 
oxydized silicon. Each unit of silicon furnishes by its oxydation an amount Silicious iron, 

of silica which requires at least four units of iron, in the state of protoxyd, 
for its conversion into the ordinary fusible silicate of iron. All of this 
oxyd of iron, in the ordinary puddling-process, except so far as furnished 
by the fettling, must be derived from the oxydation of the metal, and hence 
the great waste with highly siliciferous cast iron in the puddling-furnace. 
For such irons, therefore, the Ellershausen process would seem to be 
especially adapted. 

Were the conversion of the iron to take place according to the formulas 
already given, solely by the action of the oxyd of iron on the carbon and 
silicon of the pig metal, 100 parts of this, having the composition above 
assigned, should yield theoretically, supposing no subsequent loss of iron Thcoryofth& 

by oxydation, or otherwise, 111 parts of pure iron ; since to the 95 parts process. 

present in the pig metal, would be added 16 parts reduced from the oxyd, 
by the carbon and silicon. In practice, however, the gain is much less 
than this, leading to the conclusion that a part of the carbon is oxydized 
by atmospheric oxygen, while much of the added iron-oxyd must escape 
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unreduced, in the slags, as we have seen is really the case. According to 
Dr. Wuth, the result of the treatment of nearly 4000 tons of iron by the 
Ellersh usen method, as above described, with about 28 per cent. of oxyd 
of iron, showed a gain of not quite 5 per cent. on the weight of the pig 
iron employed. 

These conclusions are confirmed by recent results of the iron-works of 
Messrs. Burden, at Troy, New York, where the Ellershausen process has 
been found to give satisfactory results, with 15 per cent of magnetic iron 
ore, although the quality of the product was improved when 20 per cent. 
of ore was used. 

Analyses of the pig metal, the ore, and the products, in such trials will be 
most important as serving to shed farther light on this new process. Mean­
while the following suggestions with regard to it seem warranted by the 
facts before us. lst. The ore used should be as free as possible from im­
purities. Silicious matters, by uniting directly with the oxyd of iron, occa­
sion a large loss of ore; while lime, magnesia and alumina-compounds, not 
only increase of the bulk of slag, but render it pasty and difficult to be 
removed from the iron; 2nd. The ore should be finely divided, inasmuch 
as more surface will thus be presented to the iron. In the working of the 
process at Pittsburg, much of the ore added was in coarse grains, which 
escaping, dissolved in the slag, but otherwise unchanged, caused this to 
be, as we have seen, extremely rich in oxyd of iron. The coarse grains, 
it may be supposed, serve however to give to the aggregate that mechani­
cal condition which is favorable to the proper working of the process, a 
result which would probably be equally well secured by the admixture of a 
portion of charcoal; an experiment, which I am informed, has already been 
successfully tried at Pittsburg. The use of a greatly reduced proportion 
of finely divided and very pure ore, together with a portion of coarsely 
ground charcoal, would therefore seem to promise the bast and most 
economical results with the Ellershausen process. Rich hematite, free from 
silica, or magnetite, previously calcined, and if necessary, purified, after 
crushing, by the aid ofa magnetic machine, should be tried. The magnetic 
portion of the fine iron sands from the lower St. Lawrence would proba­
bly yield excellent results in this process. Some experiments made at 
Pittsburg, in which the purified iron-sand was used in place of the ordinary 
ores, are said to have given a superior quality of iron. The ores used in 
the trials which gave the products studied by Dr. Wuth, were, however, 
the magnetite of Lake Champlain, with some hematite from Missouri. 

From what has been said, it will be evident that the supply of air in the 
furnace should be as abundant as in the process of puddling, and that a 
reducing or feebly oxydizing atmosphere therein, would either greatly 
modify the conditions of the Ellershausen process, or lead to failure. 
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The novel invention of Ellershausen, on which his patent is based, is the 
mixing of crushed or pulverized ore with the molten metal, as it flows from 
the blast-furnace or cupola, thus forming masses of conglomerate, which are 
subsequently exposed to heat in a reverberatory furnace. The mingling 
of the two, was, in the first experiments, effected by pouring them simul- Turning table. 

taneously into an ingot-mould, while the mixture was stirred with a wooden 
pole. This method, however, is replaced by an ingenious arrangement of 
a large horizontal turning-table, around tb.e periphery of which is a trough, 
divided, by partitions, into a series of compartments, into which the ore and 
the liquid metal are simultaneously discharged. The table being made to 
revolve, each compartment receives, in succession, a thin layer of mingled 
ore and metal, more or less intimately mixed, and the process is continued 
until the moulds are filled ; when the consolidated masses, composed of suc-
cessive layers, not over four tenths of an inch in thickness, are removed, 
and are ready to be placed in a common puddling or other reverberatory 
furnace. Here, at a white heat, if the proper conditions have been observ-
ed, the conglomerate softens, without melting, the slag begins to flow out, 
and the iron is soon ready for the operations of squeezing and rolling. 

It is claimed for this process for the production of malleable iron, that it Advantages or 
. h l . h dd h . . d i! h the process. reqmres muc ess time t an pu ling ; t e average time reqm~e 1or t e 

treatment, in an ordinary single puddling-furnace, of a charge of 800 pounds 
of the conglomerate, producing about 600 pounds of muck-bar, not 
being over an hour and a quarter. The consumption of coal is reduced 
about one-half, and the ordinary labor of the puddler is done away with, the 
masses in the furnace requiring but little manipulation. The rapid wearing 
of the furnace-bottom, which in puddling, causes such a loss of time, i& 
also obviated. In addition to these advantages, which in Pittsburg, 
it is claimed, effect a saving of eight or ten dollars a ton, it is found 
that the iron produced in this way is superior in quality to that obtained 
from the same pig metal by the process of puddling. This superiority is 
apparently explained by the fact, established by Dr. Wuth's analyses, that 
the sulphur from the pig metal is more completely eliminated by the 
Ellershausen process than by puddling. The analyses, with a summary 
of the report will be found in the Chemical News, American edition, in the 
supplement for October, 1869; and with Dr. Wuth's report, in full, in 
Osborn's Metallurgy of Iron, page 565. 

The Ellershausen process is now regularly worked at Pittsburg, by 
Messrs. Shoenberger and Co., and in one or the other places in the United 
States ; and in the opinion of some who are best qualified to judge, is des­
tined to general adoption. Its introduction has been retarded by various 
causes, among which are the jealousies of puddlers, and, in some cases, by 
partial failures, the probable causes of which have been pointed out in the 
preceding pages. 
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Numerous patent-claims, from that of John Wood, in 1761, down to the 
present time, have been based upon the use of granulated or pulverized 
cast iron for the production of steel or malleable iron. The iron is granu­
lated by beating in large mortars, when heated nearly to its melting point, 
or by causing it to fall into water, through the air, or upon a rapidly­
revolving disk, from which it is thrown off by centrifugal force. The 
grains of iron, more or less oxydized at the surface, are directed to be con­
veyed to a furnace., and there formed into lumps for the rolls or hammer ; 
-0r else mixed with oxyd of iron, and exposed to heat in a furnace, (or in 
close vessels) whereby a malleable iron, fit for the manufacture of steel, is 
obtained. See, among others the specification of Bousfield, in 1857, No. 
3082, and that of Morgans, in 1865, No. 806, of the British Patent 
Office. In so far as these propose to work in the open furnace, they differ 
from the old method of Wood, and the Welsh process, already described, 
page 299, and approach to the conditions attained in the Ellershausen 
process. Excellent results have recently been obtained by Mr. Hewitt at 
Ringwood, New Jersey, by mixing the granulated cast iron, with iron ore 
in grains, and exposing the mixture to heat on the hearth of a reveberatory ; 
when decarbonization, and conversion to malleable iron takes place, as m 
Ellershausen's method, without fusion. 

It had been proposed, as mentioned on page 211, to give in a third 
part of this report, some chemical and mineralogical notes with regard to 
the gold, silver, and bismuth ores of Hastings county, Ontario. The 
results of my analyses, so far as they are of economic interest, and 
the principal facts relating to the mode of occurence of these ores, 
have, however, been furnished to Mr. Vennor, and are given on pages 
170-171 of this volume. The report has, moreover, exceeded the limits 
originally proposed for it, and it has therefore been thought best to defer 
the i, publication of many interesting chemical and mineralogical details 
to another occasion. 
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