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THE

CANADIAN NATURALIST,.

SECOND SERIES.

et &~ & G

CONTRIBUTIONS TO THE CHEMISTRY OF
NATURAL WATERS.
By T. Sterry Hunt, A.M,, F.R.S.; of the Geol. Survey of Canada.

II.
ANALYSES oF VARious NATURAL WATERS.

Conrsnts OF SgcTions.—335, mode of analysis, date of collection; 3%,
waters of the first ¢lass; 37, their probable origin ; the elimination
of sulphates; 38, separation of lime-salts from waters; 39, earthy
chlorids in saliferous formations; brines of New York, Michigar, and
England; foot-note on errors in water-analyses ; 40, brines of weetern
Pennsylvania; waters in which chlorid of caleium predominates; 41,
origin of such waters ; separation of magnesia as an insoluble sil-
icate; 42, waters of the second ciass; 43, waters of the third class ;
44, waters of the fourth class; Chambly; 45, other waters of the
same class; Ottawa River; 46, waters of Highgate and Alburg;
47, changes in the Calecdonia waters; comparative analyses: 48,
waters of the fifth class; sulphuric-acid springs of New York and
Canada; 49, changes in the composition of these waters; their
action on calcareous strata; 50, walers of the sixth class, their
various sources ; 51, examples of neutral sulphated waters; sulpbate
of magnesia waters.

§ 85. The analyses of the various mineral wa.ers to be given in
the second part of the present paper, were macge according to the
modes laid down in the treatise of Fresenius on Quantitative Analy-
sis. The carbonate of soda in the alkaline waters was determined
by the excess of the alkaline bases over the chlorine and sulphuric
acid present. This was generally controlled by the amount of the
carbonate of baryta thrown down from a solution of chlorid of
barium by a solution of the soluble salts obtained by the evapo-
ration of the mineral water; and in some cases, to be specified

farther on, this latter process was relied on as the only means
Yor, I L No. 3.
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of determining the amount of carbonate of soda, Ifor some remarks
on the earthy carbonates of the waters, and on their relation to the
results of analysis, see part ITL of this paper.

The date at which the various waters were collected for analysis
is in each case appended to the notice of the spring. This is of the
greater importsnce, inasmuch asit willbe shown thatin the course
of years, some of those springs here desceribed have suffered con-
siderable changes in their eomposition.

§ 36. In the following table are given the analyses of several
waters belonging to the first class, as defined in § 34.%

1.—This \.2' v is from a well thirty feet in depth, near the village
of Ancaster, on the western shore of Lake Ontario. It is sunk
in the Niagara formatjon ; but like the other waters of this class,
probably has its source in the Lower Silurian limestones. The
water rises nearly to the surface, but there is no perceptible dis-
charge. Its.temperature was found to be 4S° F. when collected
for analysis in September 1847,

2. This water is from a copious spring which issues from the
limestones of the Trenton group at Whitby, on the north shore of
Lake Ontario. It contained small portions of baryta and strontia,
and was collected in Qctober 1853.

3, 4. Several wells have been sunk in the Trenton limestone
in the township of Hallowell, on the Bay of Quinté, Lake On.
tario, in search of brine for salt-making, and have yiclded bitter
saline waters, of which the two here noticed are examples. No. 3
was obtained from a well twenty-seven feet deep, in October 1853.
No. 4 was taken in the summer of 1854 from a well a mile or two
distant from the last. Neither of these waters was examined for
baryta or strontia.

5, 6. At St. Catherines, near Niagara Falls, a boring of
five inches in diameter was carried to a depth of about 500 feet,
and after {raversing the Medina formation, is said to have
penctrated fifty or sixty feet into the Hudson River shales. It
yields about twenty gallons a minute of a saline water, whose analy-
sis by Professor Croft of the Tniversity of Toronto, 2 few years
since, afforded the results given under 5. This water, which was

* Of the thirty-seven analyses of waters here given, ten have already
appeared in Silliman’s Journal [2] viii, ix, xi, but for the purposes of
comparison it is thought well to reproduce them in the present con-
nection. Of the others, the greater part have appeared in the Geology of
Canadu, but several are now for the first time in print.
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first sought for the manufacture of salt,is now much used for
medicinal purposes. Its strength scems subject to some variation,
since a specimen from the same well in December 1861 gave
me, by a partial analysis, chlorid of sodium 23.00, chlorid of cal-
cium 9.66, chlorid of magnesium 2.40, sulphate of lime 1.75; =
36.81 parts in 1000. No. 6, examined at the came time, is
from a second well sunk in 1861, not far from the Jast.

7, 8.—~These are analyses of the waters from two borings in
the Trenton limestone at Morton’s distillery in Kingston. The
analyses are by Dr. Williamson of Queen’s College in that city,
and were made probakly ten or twelve years since. They bave
been reéalculated so as to represent tbe whole of the sulphuric
acid as combined with caleium. The first of these waters gave
to Dr. Williamson bothi bromine and iodine, and the sccond was
found to be sulphurous. These waters differ from the preceding
in containing considerable amounts of carthy carbonates, and in
this respect are related to those of the sccond class, while they still
show a large predominance of earthy chlorids.

§ 37. The waters of the above table contain, besides chlorid of
sodium and a little ehlorid of potassium, large quantities of the
chlorids of caleium and magnesium, amounting together, in several
cases, to more than one half the solid contents of the water. Sul-
phates are either absent, or occur only in small quantities, and the
same is true of earthy carbonates.  Sults of baryta and strontia
are sometimes present, while the proportions of bromids and
iodids, though variable, are often considerable.

In the large amount of magoesian chlorid which they contain,
these waters rescmble the bittern or mother-liquor which remains
after the greater part of the chlorid of sodium has been removed
from sea-water by evaporation. The bitterns from modern seas,
however differ in the presence of sulphates, and in containing, when
sufficiently concentrated, only traces of lime. The reason of this,
as already pointed out in § 22, is to be found in the fact that
in the waters of the present ocean the sulphates arc much more
than equivalent to the lime, so that this base separates during
evaporation as gypsvm.* But as shown in § 23 and § 24,
the waters of the ancient seas, which held in the form of ¢hlorid of
caleium the greater part of the lime since deposited as carbonate,
must have yielded by evaporation bitterns containing a large
proportion of chlorid of ealeium. Such is the nature of the

* See farther on this point, Bischof, Chem. Geology, i, 413.
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brines whose analyses are given in the above table, and such we
suppose to have been their origin.  The complete absence of sul-
phates from many of these waters points to the separation of large
quantities of carthy sulphates in the Lower Silurian strata from
which these saline springs issue; and the presence in many of the
dolomitic beds of the Caleiferous sand-rock of abundantly dissemina-
ted small masses of gypsum, is an evideuce of the elimination of
the sulphates by evaporation.  The frequent occurrence of erys-
talline masses of sulphate of strontian in the Chazy and Black
River limestones of this region, isalso to be noted as another
means by which the sulphates were separated from the waters of
the Lower Silurian seas. From the proportions of chlorid of
sodium, varying from about one third to more than two thirds of
the solid contents of the abuve waters, it is apparent that
in most cases the process of evaporation had gone so far as to
separate a part of the common salt; and thus successive strata of
this ancient saliferous formation must be impregnated with solid
or dissolved salts of unlike composition. The mingling of these
in varying proportions affords the only apparent explanation of the
differences in the relative amounts of the several chlorids in
waters from the same region, and even from adjacent sources. These
differences are seen on comparing the waters from the different
wells of St. Catherines, Hallowell and Kingston, with each other.
§ 38. The great solubility of chlorid of caleium renders it difi-
cult to suppose its separation from the mother-liquors so as to be
deposited in a solid state in the strata. The same remark applies
to chlorid of magnesium. It is however to be remarked that the
double chlorid of potassium and magnesinm (carnallite) is decom-
posed by deliquesence into solid chlorid of potassium and a solu-
tion of chlorid of magnesium ; and thus strata like those which at
Stassfurth contain large quantities of carnallite (§ 22), might give
rise to solutions of magnesian chlorid. This however would require
the presence of a large amount of chlorid of potassium in the early
seas. It will be observed by referring to the analyses above given,
that the chlorid of magnesium sometimes surpasses in amount the
chlorid of caleium ; and sometimes, on the contrary, is equal to only
one half or one fourth of the latter salt. While it is not impossible
that the predominance of the magnesian chlorid in some waters
may be traced to the decomposition of carnallite, it is undoubtedly
in most cases connected with the action of solutions of carbonate
of soda; the effect of which, as already pointed out, is to first
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separate the soluble lime-salt as carbonate, leaving to a subsequent
stage the magnesian chlorid (§ 18.) As this reaction replaces the
caleium-salt by chlorid of sodium, it might be cxpeeted that there
would be an inerease in the amount of the latter salt in the
water wherever the magnesian chlorid predominates, did we not
remember that evaporation separates it from the water in a
solid form ; and that the two processes, one of which replaces the
chlorid of calcium by chlorid of sodium, while the other climinates
the latter salt from the solution, might have been going on simul-
tancously or alternately.  As the nature of the waters now under
consideration shows that the process of evaporation had been carried
so far as to separate the sulphate in the form of gypsum, and pro-
bably also a portion of the chlorid of sodium in a solid state, it is
cvident that we have npt yet the data necessary for determining
the composition of the water of the Lower Silurian ocean, as re-
gards the proportions of the sodium, caleium, and magnesium which
it held in solution ; and we canonly conclude from these mother-
liquors, that the amount of the carthy bases was relatively very large.

§ 39. As already remarked in § 22, the mother-liquor from
modern sca-water contains no chlorid of calcium, but, on the con-
trary, large quantities of sulphate of magnesia; the lime in the
modern ocean being less than one-half that required to combine
with the sulphate present. If however we examine the numerous
analyses of rock-salt and of brines from various saliferous forma-
tions, we shall find that chlorid of calcium is very frequently
present in both of them; thus supporting the conclusions alrcady
announced in § 24 with regard to the composition of the seas of
former geological periods. The oldest saliferous formation which
has been hitherto investigated is the Onondaga Salt-group of the
New York geologists, which belongs to the upper part of the Silu-
rian series, and supplies the alinust saturated brines of Syracuse
and Salina in New York. These, notwithstanding their great
purity, contain small proportions of chlorids of ealcium and magne-
sium, as shown by the analyses of Beck, and the recent and careful
examinations of Goessmann. In the brinesof that region the solid
nuatters are equal tu w.om 14.3 to 16.7 per cent., and contain onan
average, according to the latter chemist, 1.54 of sulphate of lime,
0.93 of chlorid of caleium, aud 0.88 of chlorid of magnesium in
100.00 ; the remainder being chlorid of sodium.*

* Goessmann. Report on the Brines of Onondaga : Syracuse, 1862 and
1864. Also Report on the Onondaga Salt Co.: Syracuse, 1862.



1865.] CUEMISTRY OF NATURAL WATERS. 167

The nearly saturated brines from the Saginaw valley in Michi-
gan, which have their source at the base of the Carboniferous series,
contain, accordmtr to my calculation from an analysis by Prof.
Dubois, i in 100.00 Dar ts of solid matters: chlorid of caleium 9.81,
chlorid of magnesium 7.61, sulphate of lime 2.20, the remain-
der being chiefly chlorid of sodium. Another brinein the same
vicinity gave to Chilton an amount of chlorid of calcium cqual to
3.76 per cent.*  In a specimen of salt manufactured in this
region, Gocessmann found 1.09 of clilorid of caleium ; and in two
specimens of Ohio salt, 0.6 and 1.43 per cent of the same
chlorid.  The rock-salt from the Lias of Cheshire, according to
Nicol, contains small cavities, partly filled with air, and partly
with a concentrated solution of chlorid of magunesium, with some
chlorid of ealeium.|

* Winchell ; Silliman’s Journal [2] xxxiv, 311.

t Cited by Bischof, Lebrbuch, ii, 1671. The results of the analyses by
NMr. Northcote of the brines of Druitwich and Stoke in the same region
(L. E. & D. Philos. Mag. [4] ix, 82), as calculated by him, show no
earthy chlorids whatever, and no carbonate of lime, but carbonates of
soda and magnesia, and sulphates of soda and lime. He regarded the
whole of the lime present in the water as being in the form of sulphate.
1f however we replace in calculating these analyses, the carbonate of
soda and sulphate of lime by sulphate of soda and carbonate of lime,
we shall have for the contents of these briunes, chlorid of sodium, with
notable quantities of sulphate of soda, some sulphate of lime, and car-
bonates both of lime and magnesia; & composition which is more ‘n
accordance with the admitted laws of chemical combinations. From
these results, it would appear that the earthy chlorids, whichaccording
to Nichol are present in the rock-salt of this formation, are decomposed
by sulphates in the waters which, by dissolving it, give rise to the
brines.

It is to be regretted that in many water-analyses by chemists of note,
the results are so calculated as to represent the co-existence of incompa-
tible salts. Of the association of carbonates of soda and magnesia with
sulphate of lime, as in the analysis just noted, it might be said that I
have shown that it may occur in the presence of an excess of carbonic
acid. (Silliman’s Jour. [2] xxviii, 174). By evaporation, however, such
solutions regenerate carbonate of lime and sulphates of soda and mag-
nesia ; and by the consent of the best chemists these elements are to be
represented as thus combined. But what shall be said when chlorid of
magnesium, carbonate of soda, and silicate of soda are given as the con-
stitueuts of a water whose recent analysis may be found in a late
number of the Chemical News ; or when bi-carbonates of soda, magnesia,
and lime are represented as co-existiug in a water with sulpbates and
<hlorids of magnesium and aluminum ? These errors probably arise from
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§40. Thebriues from the valley of the Alleghany River, obtained
from borings in the Coal formation, are remarkable for contain-
ing large proportions of chlorids of caleinm and magnesium ; though
the sum of these, according to the analysesof Lenny, is never equal
to more than about one fourth of the chlorid of sodium. The
presence of salts of barium and strontium in these brines, and the
consequent absence of sulphates, is, aceording to Lenny, a constant
character in this region over an area of +wo thousand square miles.
(See Bischof, Chem. Geol., i, 377.) A later analysis of another one
of these waters from the same region, by Steiner, is cited by Will
and Kopp, Jahresbericht, 1861, p. 1112, His results agree closely
with those of Lenny. See also the analysis of a bittern from this
region by Boyé (Silliman’s Journal [2] vii, 74).

These remarkable waters approach in character to those of Whithy
and Hallowell; but in these the chlorid of sodium forms only about
one half the solid contents, and the proportion of the chlorid of
magnesium to the chlorid of calcium is relatively much greater
than in the waters from western Pennsylvania, where the magnesian
chlorid isequal only to from one third to one fifth of the chlorid of
caleium ; the proportions of the two being subject in both regions
to considerable variations.

In this connection may be cited a water from Bras d’Or, in the
island of Cape Breton, lately analyzed by Prof. How, which con-
tains in 1000 parts, chlorid of sodium 4-901, chlorid of potassium
0-650, chlorid of calcium 4413, and chlorid of magnesium only
0-638, hesides sulphate of lime 0-134, carbonates of lime and mag-
nesia 0-085, with traces of iron-oxyd and phosphates; = 10-821.
(Canadian Naturalist, viii, 370.) The analyszs of uropean waters
furnish comparatively few examples of the predominance of earthy
chlorids.*

determining in the recent water, or in water not sufficiently boiled, the
lime and magnesia which would by prolonged ebullition be separated
as carbonates, together with portions of alumina, silica, etc. In the
subsequent calculation of the analyses, these dissolved earthy bases
béing regarded as sulphates or chlorids, instead of carbonates, there
remains an excess of soda, which is wrongly represented as carbonate,
instead of chlorid, or sulphate of sodivm,

* Lersch, Hydro-Chemie, Zweite Auflage : Berlin, 1864 ; videp, 207. This
excellent work, which is a treatise on the chemistry of natural waters, in
one volume 8vo. of 700 pages, was unknown to me when I prepared the
first part of this essay.
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§41. We havealready shown in § 33how the action of carbonate
of soda upon sea-water or bittern will destroy the normal propor-
tion betwyeen the two chlorids of magnesium and caleium by con-
verting the latter into an insolubie carbonate, ans leaving at last
only salts of sodium and magnesium in solution. A process the
reverse of this hasevidently intervened for the production of waters
like that from Cape Breton, and some others noticed by Lersch, in
which chlorid of calcium abounds, with little or no sulphate or
chlorid of magnesium. This process is probably one connected
with the formation of a silicate of magnesia. Bischof has alveady
insisted upon the sparing solubility of this silicate ; and he observed
that silicates of alunina, both artificial and natural, when digested
with a solution of magnesian chlorid, exchange a portion of their
base for magnesia, thus giving rise to solutions of alumina;
which, being decomposed by earbonates, may have been the source
of many of the aluminous deposits referred to in § 9. He also
observed a similar decomposition between a solution of an artificial
silicate of lime and soluble magpnesian salts. (Bischof, Chem.
Geology, i, 13, also chap. xxiv.) In repeating and extending
his experiments, I have confirmed nis observation that a solution
of silicate of lime precipitates silicate of magnesia from the
sulphate and the chlorid of magnesium ; and have moreover found
that by digestion at ordinary temperatures with an excess of
freshly precipitated silicate of lime, chlorid of maguesium is com-
pletely decomposed ; an insoluble silicate of magnesia being formed,
while nothing but chlorid of calcium remains in solution. Itis
clear that the greater insolubility of the magnesian silicate, as com-
pared with silicate of lime, determines a result the very reverse of
that produced by carbonates with solutions of the two earthy bases.
In the one case the lime is separated as carbonate, the magnesia
remaining in solution ; while in the other by the action of silicate
of soda (or of lime), the magnesia is removed and the lime remains.
Hence carbonate of lime and silicate of magnesia are everywhere
found in’ nature ; while carbonate of magnesia and silicate of lime
are produced only under local and exceptional conditions, The
detailed results of some experiments on this subject are reserved
for another place. It is evident that the production from the
waters of the early seas of beds of sepiolite, talc, serpentine, and
other rocks in which a magnesian silicate abounds, must, in closed
basins, have given rise to waters in which chlorid of calcium would
predominate.
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§ 42. Of the waters of the second class whose analyses are here
given, the first three oceur, with many others of similar
character, on the south side of the Ottawa river, below the city of
that name. The remaining four are on the north side of the
St. Lawrence, between Montreal and Quebee, where also similar
waters abound. Al of these springs rise from the Lower Silurian
limestones of the region.

1, 2. These two watersare from the township of Plantagenet. The
first is known as Larocque’s, and the second as the Georgian spring.
These waters were cexamined in 1849 and 1851. Two other
springs have been observed incthe same vieinity, one resembling
Larocque’s spring and containing borates, with a notable pro-
portion of strontia, wiile the other is an alkaline-saline water of
the third class. ;

3. Caledonia Intermittent Spring. This spring owes its name
to the intermitting discharge of carburetted hydrogen which takes
place from its waters. It is in the township of Caledonia, not far
from Plantagenct, and near three other waters from the same
township, to be mentioned in the next class. The water was
collected in September 1847.

4. Lanoraie. This is from the seigniory of Lanoraie. It
contains both baryta and strontia, and evolves an abundance of
carburetted hydrogen. The water was collected in March 1851.

5. Is froma copious spring in the seigniory of Berthier, and was
collected in July 1853.

6. Isfrom the township of Caxton, and yiclds six or cight gal-
lons of water a minute, besides a great abundance of inflammable
gas. The carbonic acid was found to equal 1.126 parts, of which
651, or more than one half is required for the neutral carbonates
present. The water was taken from the spring in October 1848.

7. Is from the scigniory of St. Léon, and is a copious spring
which, like the last, disengages inflammable gas. The carbonic
acid was cqual to 1.224 parts, of which .651, or not quite one half
is reqjuired for the neutral carbonates found by analysis. The water
was collected in Qctober 1848.

8, 9. These are from two springs in the parish of Ste.
{eneviéve on the Batisean River, and are remarkable for the large
proportion of iodids which théy contain. The first is known as
Trudel’s spring, and the second is at the ferry opposite to the
church. The waters were collected in August 1853. Several
-other saline springs oceur in the same neighborhood.
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§ 438. Of the waters of the third class, which follow, the first four
rige from the Trenton limestone, and oceur on the south side of the
Ottawa River, in the vicinity of the first three of the preceding
section. The others are from the south side of the St. Lawrence
below Montreal.

1, 2, and 3 are waters from Caledonia, and rise about two
miles from the spring No. 3, of the last table. These waters were
examined in September 1847. The first, which is known as the
Gas spring, then yielded about four gallons of water a minute,
and discharged in the same time about 300 cubic inches of car
buretted hydrogen gas, whence its name. At a distance of four
or five rods from this, are the second and third springs, known as
the Saline and White Sulphur waters, yielding each about ten
gallons a minute. Tha former affords a few bubbles of carbu-
retted hydrogen gas, and is not at all sulphurous, while the latter
contained a little sulphuretted hydrogen, equal t.. somewhat less
than a cubic inch to the gallon. The temperature of the three
waters was found to be respectively 44°.4, 45° and 46° F. The
carbonie acid in 1000 parts of the Gus Spring was equal to .705;
of which .356, or a little more than one half, is required for the
neutral carbonates present. In the Saline spring there was found
.648 of carbonic acid, heing an excess of .292 over that required
to form neutral carbonates; while in the Sulphur Spring, which
contained in 1000 parts only .590 of carbonie acid, .349 are con-
tained in the neutral earbonates, leaving only .141 towards the
formation of bi-carbonates. For later analyses of these waters
see § 46.

4. This, which is known as Gillan’s spring, is from the town-
ship of Fitzroy, not very far from the last. Its waters were
collected in July 1850.

5, 6. These two waters are from Varennes, and are about
one hundred rods apart. The first is known as the Saline, and
the sccond is called the Gas spring, from the large volumes of
carburetted hydrogen gas which it disengoges. The Saline spring
contained in 1000 parts .920 of carbonic acid, of which .451 or
nearly one half is required to form the neutral carbonates present.
In the Gas spring was found .792 of carbonic acid, leaving thus
.312 over that required to form neutral carbonates. The waters
were collected in October 1848.

7. This is from Labaic du Febvre, and is known as Courchéne’s
spring. It evolves small quantities of carburetted hydrogen gas.
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The water was collocted in Scptember 1852.  Several other
mineral springs occur in this vicinity, one of them belonging to this
class, and others to the second and fourth classes.

8. This water, from the scigniory of Belwil, was collected
in 1851.

§ 44. We shall now proceed to the springs which, in § 34, have
been referred to the fourth eclass—and begin with three analyses
of a mineral water from Chambly. Here. on a plateau, over an area
of about two acres, the clayey soil is destitute of vegetation and
impregnated with alkaline wagers; which in the dry season give
rise to a saline effloresence on the partially-dried up and fissured
surface. A well sunk here to a depth of eight or ten feet in the
clay, which overlies the Hudson River formation, affords at all
times an abundant supply of water, which generally flows in a small
stream from the top of the well. Small bubbles of carburetted
hydrogen arc sometimes seen to escape from the water. The
temperature at the bottom of the well was found in October 1861
to be 53° I, and in Awugust 1865 to be nearly 54° I'. The mean
temperature of Chambly can differ but little from that of Mon-
treal, which is 44°.6 F., so that this is a thermal water. Another
alkaline and saline spring in the same parish has also a temper-
aturc of 53° F. The water of the spring here deseribed has a
sweetish saline taste, and is much relished by the cattle of the
neighborhood. Three analyses have been made of its waters, the
results of which are here given side by side. The first was
collected in Qctober 1851 ; the second in Qctober 1852; and the
third in August 1864, during a very dry season.

I. IT. IIL
Chlorid of potassium,......... undet. 0324 0182
i« sodium, e enviennn 8689 -8387 8846
Carbonate L vees 10295 10604 9320
“ limeyeovveinnaess «. 0540 0380 0253
« magnesia,......... -0908 0765 0650
« strontifty..ee.onann undet. *0045  undet.
e 0Ny ceveveninane. & 0024 «
Alumine and phosphate,...... ¥ 0063 w

SilicR)eeetviinnearreanaaaees 1220 ‘0730 -0166
Borates, iodids and bromids, .. undet. undet. undet.

In 1000 parts, ceveevnecenaess 2.1652 2.1322 1.9917
parts,

A portion of bariwm is included with the strontium salt. The
water contains morcover a portion of an organic acid, “which
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causes it to assume a bright brown color when reduced by evapo-
ration. Acetic acid gave no precipitate with the concentrated
and filtered water; but the subsequent addition of acetate of cop-
per yielded a brown precipitate of what was regarded as apocrenate
of copper. The organic matter of this and of many other mineral
springs has probably a superficial origin. The carbonic acid was
determined in the third analysis, and was equal in two trials to
903 and .905. The neutral carbonates in this water require 452
parts of carbonic acid.

§ 45. In the following table are given the analyses of several
other waters which belong like the last to the fourth class,

TABLE IV.—~WATERS OF THE FOURTH CLASS.

1 2 3 4 5

Chlorid sodium..... L0207 | .0347 | .3818! .3920 cene

“  potassivm...! .0496 | .0076 | .0067! .0318 .0169

Sulphate s0d8.e««0e vees | trftces. { .0215 ] traces. | .0188

« potassium..| .0081 cons e [P .0122

Carbonate soda......| .1340 } .1952 | .2301 | 1.1333 , .0410

« lime......] .1740 0710 .0620 { undet. .2480

e magnesia.| .1287 .0278 .0257 « .0690

Iror, alumina, phos..i traces. caes P t I traces.

Silict.eevevnes veess] 0161 .0110 L0245 e 4 .2060
j

In 1000 parts........{ .5311 .3473 L5233 | 1.5591 ceve

In 10,000 parts...... ‘ .6116
| |

1. This spring was met with some ycars since in constructing
a lock on the Richelicu River at St. Qurs, and was enclosed
in such a way that it is only accessible through a pump; so
that it is impossible to determine the amount of water furnished
by the spring, or its freedom from admixture. The water was
obtained in November 1852, and is remarkable for the large pro-
portion of potassium salts. 1000 parts of the water gave of alkalies
determined as chlorids, 0.2250 ; of which 0.0565 parts, or 25.11
per cent, were chlorid of potassium. Another trial gave 24.52
per cent, ; while a portion of the water taken from the spring three
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weeks earlier gave a larger proportion of alkalies, equal to 0.3400
of chlorids; of which 0.0596, or 17.53 per cent, were chlorid of
potassium.

2. This spring occurs on the bark of the Jacques Cartier River,
a little above Quebee. It is strongly impregnated with sulphuretted
hydrogen, and appears to contain a counsiderable proportion of
borates. It was collected for analysis in the summer of 1852.

3. This water is from a spring in the township of Joly, on the
opposite side of the St. Lawrence, a few miles south from the last,
and like it is sulphurous, and affords a strong reaction of boric
acid. It was collected for andlysis in July 1853.

4. A small area of marshy ground in the seigniory of Nicolet,
near the line of St. Gregoire, is, like the similar tract in Chambly,
so impregnated with mineral water as to be destitute of vegeta-
tion. The water collected in a small pit dug in this locality in
the autumn of 1853, was yellowish colored, and alkaline to the
taste, and gave by analysis the above results. Several other
alkaline springs occur in this vicinity. All of the preceding
waters, with the exception of No. 2, which comes from out the
Utica slates, rise, like that of Chambly, from the Hudson River
formation.

5. This water, unlike the preceding, is that of a large river,
the Ottawa, which drains a region occupied chicfly by ancient
erystalline rocks, covered by extensive forests and marshes. The
soluble matters which it_contains are therefore derived in part
from the superficial decomposition of these rocks, and in part from
the decaying vegetation. The water which was taken at the head
of the St. Anne's rapids, on the 9th of March 1854, before the
melting of the winter’s snows had begun, had a pale amber-yellow
color from dissolved organic matter, which gave a dark brown
hue to the residuc after evaporation. The weight of this residue
from 10,000 parts, dried at 300° F., was .6975, which after
ignition was reduced to .5340 parts. As scen in the above table,
one half of the solid matters in this water were earthy carbonates,
and more than one third wassilica, so that the whole amount of salts
of alkaline bases was .088 (of which nearly one half is carbonate
of soda); while the St. Ours water, which resembles that of the
Ottawa in its alkaline salts, contains in the same quantity 4.248,
or more than forty-eight times as much. The alkalies of the
Ottawa water equalled as chlorids, -0900, of which .0293, or 32.5
per cent, were chlorid of potassium. The results of some obser-
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vations on the siliea and organie matters of this river-water will
be given in part IIL. It will be observed that in the above table
the figures given for the first five waters are for 1000 parts, while -
those of the Ottawa are for 10,000 parts.

§ 46. In this conncetion may be given the analyses of two
similar springs from Vermont,—the Highgate and Alburg springs.
The waters were sent me in October and November 1861, and the
results have already appeared in “ Geology of Vermont,” ii, 926,
Both of these waters, when examined, were slightly sulphurous,
and yielded the reactions of borie acid. The amount of carbonate
of soda was estimated from the carbonate of baryta obtained by
the process already mentioned in § 35.

Highgate. Alburg.
Chlorid of sodium ..e.cvvven s, 402 c..e.... 140
Sulpbate of s0da..oceaveeniaieee 042 Liai.... 024
Carbonate of s0d% .veevevinnnas . 235 aiieine 230
« lime..... beeessoaca 024 iooee.. 036
o magnesia..... veese 010 L..... . 022
Potash and borates......... sveos undet. ........ undet.

In 1000 parts.ce covvaccacavivees JA18 aieeeaes 452

§47. On the 5th January 1865, after a lapse of morve thaa
seventeen years, I again visited the three springs of Caledonia
whose analyses have been given in the table §43, and collected
their waters for a second examination. The results of my recent
analyses show that considerable changes have occurred in
the composition of each of these springs, and tend to confirm in
an unexspected manner, the theory which I long since put forward,—
that the waters of the second and third classes owe their origin to
the mingling of saline waters of the first class with alkaline
waters of the fourth class. It will be observed that the three
Caledonia waters in 1847 were all alkaline, though the propor-
tions of the carbonate of soda were unlike. Sulphates were
also present in all of them, though most abundant in the Sulphur
spring, which, although holding the smallest amount of solid mat-
ters, was the most alkaline. In January 18658, however, the first
and second of these waters had ceased to be alkaline, and eon-
tained, instead of carbonate of soda, small quantities of earthy
chlorid, causing them to enter into the second class. They no
longer contained any sulphates, but, on the contrary, portions of
baryta and strontia. Only the Sulphur spring, which in 1847
contained the largest proportion of carbonate of soda and of sul-

Vou. IL g No. 2.
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phates, still retained these clements, though in diminished amounts,
and was fecbly imprégnated with sulphuretted hydrogen. If we
suppose these waters to arise from the commingling of saline waters
like those of Whitby and Lanoraie, containing earthy chlorids and
salts of baryta and strontia, with waters of the fourth class, hold-
ing carbonate and sulphate of soda, it is evident that a sufficient
quantity of the latter water would decompose the earthy chlorids
and preeipitate the salts of baryta and strontia present; while
an excess would give rise to alkaline-saline waters containing sul-
phate and carbonate of soda, such as were the three springs of
Caledonia in 1847. A falling-off in the supply of the sulphated
alkaline water has however taken place, and the result is seen in
the appearance of chlorid of magnesium and of baryta and strontia
in two of the springs, and in a diminished proportion of carbonate
of soda in the Sulphur spring.

These later analyses being directed chiefly to the determination
of these changes, no attempt was made to determine the potassium,
iodine, and bromine. For the purposes of comparison, the two series
of analyses are here put in juxtaposition; the elements just men-
tioned being included with the chlorid of sodium, and the figures
reduced to three places of decimals. The precipitate by a solution
of gypsum from the concentrated and acidulated water was re-
garded as sulphate of strontia, and calculated as such, but was
in part sulphate of baryta.

TABLE V.—~SHOWING THE CHANGES IN THE CALEDONIA
SPRINGS.

|
1. Gas Spring, 2. Saline Spring. '3. Sulphur Spring.!

1847. | 1865, || 1847.:| 1865. || 1846. | 1865.

Chlor. sodium....| 7.014 | 6.570 |\ 6.488 { 6.930 || 3.876 | 3.685

‘ magnesium| .... | .024 )1 .... | 026 ... ...
Sulph. potash ....| 005 | .... || .008{ ...l .018| .021
Carb. 50da ...... 048 | ... A7 ... .456 | .091

“ lime.eees. -148 | .096 L1117 .095 .210 .07

“ magnesia..| .526 455 517 .469 .294 .228
¢ strontig.ece| oo .009 .012 P
SiliCR.eecessanes] 021 .020 .042 .015 .084 .021

In 1000 parts....| 7.762 | 7.174 || 7.345 | 7.547 || 4.938 | 4.123
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In the recent analyses of these waters, the carbonic acid in the
Gas spring was found to equal for 1,000 parts, .671 ; of which .278
were refquired for the neutral carbonates. The Saline spring con-
tained .664 of carbonie acid ; of which .290 go to make up the neu-
tral carbonates. The Sulphur spring, in like manner, gave of car-
bonic acid .573 ; while the neutral carbonates of the water required
only .191. All of these waters, in January 1865, thus contained an
excess of carbonic acid above that required to form bicarbonates
with the carbonated bases present ; while the analyses of the same
springs in 1847, showed, as we have seen in § 43, a quantity of car-
bonic acid insufficient for the formation of bicarbonates. The
qquestions of this defieieney, and of the variation in the amount of
carbonic acid in these and other waters, will be considered in the
third part of this paper.

§ 48. The waters of our fifth and sixth classes, as defined in
§ 34, are distinguished by the presence of sulphates; the former
being acid, and the latter being neutral waters. In the fifth class
the principal element is sulphurie acid, associated with variable and
accidental amounts of sulphates of alkalies, lime, magnesia, alumina,
and iron. Apart from the springs of this kind which occur in re-
gions where voleanie agencies are evidently active, the only ones
hitherto studied are those of New York and western Canada; which
issue from unaltered, and almost horizontal Upper Silurian rocks.
(§ 81.) The first account of these remarkable waters was given
in Silliman’s Journal in 1829 (vol. xv, p. 238), by the late Prof.
Eatont, who described two acid springs in Byron, Genesee Co.,
N. Y.; one yiclding a stream of distinetly acid water sufficient to
turn a mill-wheel, and the other affording in smaller quantities a
much more acid water. The latter was afterwards examined by
Dr. Lewis Beck (Mineralogy of New York, p. 150). He found it
to be colorless, transparent,and intensely acid, with a specific gravity
of 1.113; which corresponds to a solution holding seventeen per
centof oil of vitriol. No chlorids, and only traces of iime and iron,
were found in this water, which was nearly pure dilute sulphuric
acid. Prof. Hall (Geology of New York, 4th District, p. 134) has
noticed, in addition to these, several other springs and wells of acid
water in the adjacent town of Bergen. Farther westward, in the
town of Alabama, is a similar water, whose analysis by Erni and
Craw will be found in Silliman’s Journal [2] ix, 450. It contained
in 1000 parts about 2.5 of sulphurie acid, and 4.6 parts of sul-
Pphates, chiefly of lime, magnesia, iron, and alemina., In this, asin
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the succeeding analyses, hydrated sulphuric acid, SO, HO, is
meant.

The carliest quantitative analyses of any of these waters
were those by Croft and myself of a spring at Tusearora, in
1845 and 1847, of which the detailed results appear in Silliman’s
Journal [2] viii, 364.  This, at the time of my analysis in Sep-
tember 1847, contained in 1000 parts, 4.29 of sulphuric acid,
and only 1.87 of sulphates; while the previous analysis by
Prof. Croft gave approximatively 3.00 of neutral sulphates, and
only about 1.37 of sulphuric acid. ~ Similar acid waters occur on
Grand Island above Niagara Falls, and at Chippawa.

All of these springs, along a line of more than 100 miles from
east to west, rise from the outerop of the Onoundaga salt-group;
but in the township of Niagara, not far from Queenston, are
two similar waters which issue from the Medina sandstone. One
of these is in the southwest part of the township, and fills a small
basin in yellow clay, which, at a depth of three or four feet, is
underlaid by red and green sandstones. The water, which, like
those of Tusearora and Chippawa, is slightly impregnated with sul-
phuretted hydrogen, is kept in constant agitation from the escape
of inflammable gas. It contained in 1000 parts about two parts
of free sulphuric acid, and less than one part of neutral sulphates.
This water was collected in Oectober 1849, and at that time
another half.dried-up pool in the vicinity contained a still more
acid water. Another similar spring oceurs near St. Davids in the
same township.

In connection with the suggestion made in § 31 as to their
probable origin at great depths, it would be very desirable to have
caveful observations as to the temperature of these acid springs.
When, on the 19th October 1847, I visited the Tuscarora spring,
the water in two of the small pools had a temperature of 56° F.;
but on plunging the thermometer in the mud at the bottom of
one of these it rose to 60°.5.

§49. It appears from a comparison of the analysisof Croft with
my own that the waters of the Tuscarora spring underwent a con-
siderable change in composition in the space of two years; the
proportion of the bases to the acid at the time of the second
analysis being little more than one third of that in the analysis of
Croft. This change was indeed to be expected, since waters of
this kind must soon remove the soluble constituents from the rocks
through which they flow, and eventually become, like the water
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from Byron, little more than a solution of sulphuric acid. The
observations of Eaton at Byron, and my own at Tusearora, show
that half-decayed trees are still standing on the soil which is now
80 lmprewnated with acid waters as to be unfit to support vegeta-
tion. Reasoning from the changes in composition, it may be sup-
posed that these waters were at first neutral, the whole of the
acid being saturated by the calearcous rocks through which they
must rise. It was from this consideration that I was formerly
led to aseribe to the action of these waters the formation of some
of the masses of gypsum which appear along the outerop of
the Onondaga salt-group (Silliman’s Journal [2], vii, 175). That
waters like those just mentioned must give rise to sulphate
of lime by their action on calcareous rocks is evident; and some of
the deposits of gypsum in this region, as deseribed by good
observers, would appear to be thus formed. So far however as
my personal observations of the gypsums of western Canada have
extended, they appear to be in all cases cotemporaneous with the
shales and dolomites with which they arc interstratified, and to
have no connection with the sulphuric-acid springs which are so
common throughout that region. (Silliman’s Journal [2], xxviii,
365, and Geology of Canada, 352.)

§ 50. We have included in a sisth class the various neutral
saline waters in which sulphates predominate, sometimes to the
exclusion of chlorids. The bascs of these waters are soda,
potash, lime, and magnesia; which are usually found together,
though in varying proportions. For the better understanding of
the relations of these sulphated waters, it may be well to recapitulate
what has been said about their origin; and to consider them, from
this point of view, under two heads.

First, those formed from the solution of neutral sulphates pre-
viously existing in a solid form in the earth. Strata enclosing na-
tural deposits of sulphates of soda and magnesia, sometimes with
sulphate of potash, (§ 17, § 19,) afford the most obvious source
of these waters. The frequent occurrence of gypsum however
points to this salt as a more abundant source of sulphated waters.
Solutions of gypsum may in some case exehange their lime for the
soda of insoluble silicates, or this salt may be decomposed by solu-
tions of carbonate of soda (§ 7, § 19). The decomposition of the
sulphate of lime by hydrous carbonate of magnesia, as explained in
§ 21, is doubtless in many cases the source of sulphate of mag-
nesia, which is more frequently than sulphate of soda a predomi-
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pant clement in mineral waters. In connection with a suggestion
made in the seetion last cited, it may be remarked that I havesince
found that predazzite, in virtue of the hydrate of magnesia which
it contains, readily decomposes solutions of gypsum holding ear-
bonic acid in solution, and gives rise to sulphate of magnesia.

In the second place, sulphuric-acid waters, like those described
in § 47, by their action upon calcarcous and magnesian rocks, or by
the intervention of carbonate of soda, may, as already suggested,
give rise to neutral sulphated waters of the sisth class. It is
evident also that waters impregnated with sulphates of alumina and
iron from oxydizing sulphates, as mentioned in § 28, may be de-
composed in a similar manner, and with like results.

Neutral sulphated waters generated by any of the above pro-
cesses, are evidently subject to admixtures of saline maters from
other sources, and may thus become impregnated with chlorids
and carbonates. Indeed it is rare tv find waters of the sixth
class without some portion of chlorids; and a transition is thus
presented to the waters of the first four classes, in which also
portions of sulphates are of frequent occurrence. The presence of
sulphates being one of the conditions required for the generation
of sulphuretted hydrogen (§ 10), we find that the waters of the
sixth class are very often sulphurous.

§ 51. Waters of the sixth class are very frequently met with
in the palxozoic rocks of New York and western Canada, and are
probably derived from the gypsum which is found in greater
or less abundance at various horizons, from the Calciferous sand-
rock to the Onondaga salt-group. It is however not improbable
that the sulphuric-acid waters which abound in this region (§ 48)
may, by their neutralization, give rise to similar springs.  In the
waters of the district under consideration, the sulphate of lime
generally predominates over the sulphates of the other bases, and
chlorids are frequently present in considerable quantities. Tor
numerous analyses of these waters, see Beck, Mineralogy of New
York. The results of an examination of the Charlotteville spring,
remarkable for the amount of sulphuretted hydrogen which it con-
tains, will be found in Silliman’s Journal [2], viii, 369. A copious
sulphur spring which issues from a mound of caleareous tufa in
Brant, C.W., overlying the Corniferous limestone, is distinguished
by the absence of any trace of chlorids; in which respect it resem-
bles the acid waters of the fifth class from the adjacent region.
A partial analysis of a portion of it collected in 1861, gave for
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1000 parts, sulphate of lime 1.240, sulphate of magnesia .207, and
carbonate of lime .198. From a slight excess in the amount of
sulphuric acid, it is probable that a little sulphate of soda was
also present.

Of waters of this class, in which sulphate of magnesia predomi-
nates, but few have yet been observed in this country. A remark-
able example of this kind from Hamilton, C. W., was examined by
Prof. Croft of Toronto, and deseribed by him in the Canadian
Journal for 1853 (page 153). It had a specific gravity of 1006.4,
and gave for 1000 parts,

Cblorid of sodium.eces.an..s teecseessnssecrsansass 5098
Sulphate of soda...... P 1 1: 1213
“ Hme.seeaseeieiannnnnn Gree tesererenes 1-1246

“ magnesia oo vieianons P S & £+ 1]
8:1128

The rocks esposed at Hamilton include the Medina sandstone
and the Niag wra limestone, with the intermediate Clinton group.
Along the outerop of the latter, erystalline crusts of nearly pure
sulphate of magnesia are observed to form in many localities,,
during the dry season of the year. (Geology of Canada, p. 460.)

According to Emmons, the post-tertiary clays near Crown
Point, on the western shore of Lake Champlain, arc during dry
weather covered with etfioreseences of sulphate of magnesia, which
impregnates several springs in the vicinity. The water of one of
these, according to Emmons, had a specific gravity of 1014.0, and
contained in 1000 parts, 18.78 of saline matter, which was chiefly
sulphate of magnesia, with some sulphate of lime (cited by Beck,
Mineralogy of New York, p. 252). The strata underlying the clays
of this region belong according to the State geological map, to the
Potsdam, Caleiferous, and Trenton formations; but the source of
the magnesian salt is, not improbably, to be found in the clays
themselves.

In the third and concluding part of this paper it is proposed to
notice briefly some of the more important points in the chemistry
of the various waters which have been here deseribed, and to
inquire into their geological relations.— Silliman’s Journal.
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NOTES ON SOME OF THE MORE REMARKABLE]
GENERA OF SILURIAN AND DEVONIAN FOSSILS.

By E. BuLuines, F.G.S,

Genus RECEPTACULITES, Defrance.

1.—Diagram of the structure of Receptaculites as it would be shown
in a vertical section through a sub-conical species. ¢, the aperture
in the summit ; b, the endorhin or inner integument lining the central
cavity ; ¢, thevectorhin or external integument; n, the usual posi-
tion of the nucleus ; v, the greatinternal cavity. The unshaded bands
running from the ectorbin to the endorhin represent the tubes.

The structure and zoological position of Receptaculites have
been more or less elaborately investigated by Goldfuss, Eichwald,
Roewmer, Salter, Hall; and other eminent observers, and yet, owing
to the imperfection of the materials, a great deal remains to be
done before the various questions involved in the relations of this
curious genus can be regarded as positively settled. Sinece the
publication of Salter’s paper in the first Decade of our Geological
Survey, numerous specimens of several distinet species have been
collected in the Silurian rocks of Canada, and I am, by the study
of these, now enabled to furnish a few additional details. The
principal new points are, the perforated structure of the internal
integument, the existence (in most, if not in all, of the species) of
a great central cavity and an orifice in the upper side. The flat
watch-shaped specimens which are usually figured as constituting
the whole of the body, are probably only the basal portion of the-
body-wall of the discoid species.
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The genus may be described as consisting of organisms, which,
when full grown and perfeet, are of a discoid, eylindrical, ovate, or
globular shape, hollow within, and usually, if not always, with an
aperture in the upper side. In or near the centre of the lower
side there is generally to be seen a small rounded protuberance, in-
dicating, most probably, the position of the primitive cell or nu-
cleus from which the animal commenced its growth. In some spe-
cies the lower side is more or less concave, and often the nucleus is
not at all clevated above the surface adjacent thereto. Its place,
however, in the absence of any other guide, may gencrally be found
by observing the point towards which the spiral lines or rows of
plates on the outer surface converge. The body-wall is of 2 some-
what complex structure. It consistsof three parts,—an external
and an internal integument, and, between these, the peculiar tubu-
lar or spicular skeleton presently to be deseribed. The exter-
nal integument may be called ¢ the ectorhin,” and the internal
¢ the endorhin.’ )

The ectorhin is usually composed of numerous small rhomboidal
plates closely fitting together, and arranged in curved rows which
radiate in all directions from the nucleus outwards to the peripheral
margin of the base, and thence, ascending upwards, converge to the
edge of the aperture in the upper side. Two or three of those rows
of plates (the precise number is not yet determined) originate in
the nucleus, and, as they diverge from cach other, new rows are in-
troduced between them.  The number of rows diminish again on
the upper side a~cording as they converge towards the apex of the
fossil. The plates at and immediately around the nucleus, and
also towards the centre of the upper side, are somewhat smaller
than they are at the widest part or middle region of the body. It
secms probable that, in some of the species, this integument was
of a flexible, coriaceous consistence. In others the plates were
solid. In Z. occidentalis (Salter), when silicified specimens are
treated with acid the plates are easily separable, and, therefore,
although in elose contact, they were not anchylosed together.

The ende~hin is also composed of small thomboidal plates ar-
ranged in curving rows; but it differs from the cctorhin in being
perforated by numerous small circular orifices, one of which is
situated at each point where the angles of four plates meet. From
the centre of cach of the plates of this integument there radiate
four small canals, one proceeding straight to the middle of each of
the sides of the plate, where it comwmunicates with a similar canal
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in the adjoining plates. Xach one of these plates is, therefore,
connected by these canals with the four plates in contact with it,
The canals are excavated in the substanee of the plates, and com-
municate with the central canal of the transverse tubes. The
canals are not always perfectly circular, but are often flattened or
irregularly cireular. The endorhin varies greatly in the extent to
which it is developed. In some specimens the plates arve well-
defined and rhomboidal, with perfectly circular pores at the angles.
In others the plates are not at all defined, the ectorhin being one
continuous intezument without sutures, but always with the full
complement of pores. The latter in such specimens are not all
circular, but are variously shaped orifices, sometimes with rough
vdges.  There are also specimens in which the endorhin consists
of only a thin film capping, as it were, the tubes and inclosing the
canals, the pures being proportionally larger than they are in those
with well-developed plates.  The end of each tube, in these speci-
mens, furms an irregular, rounded tuberele instead of a rhombuidal
plate.

The tubular skeleton above alluded to consists of numerous

. small, straight, rarely curved, cylindrical tubes or hollow spicula,

placed parallel to each otherand at right angles to the plane of the
body-wall of which they form the greater portion. They connect,
and at the same time keep asunder, the ectorhin and the endorhin.
One of these tubes springs from the cenire of each plate of the
cctorhin: it is, at its base, or nest to the cctorhin, very slender,
but enlarges so as to attain itsfull thickness at about one fourth of
its length, and then remains at the same diameter throughout
until it reaches the endorhin, by a single plate of which its inner
-extremity is, as it were, capped. The outer extremity of each tube
has four small slender stolons, one proceeding to cach of the four
angles of that particular plate of the ectorhin from the centre
of which it (the tube) springs. It there seems to form a connee-
tion with the stolons of the three adjacent plates whose angles meet
at that point. The stolons are so arranged that one of them al-
ways points inwards towards the nucleus, and another on the oppo-
site side of the tube outwards or upwards. It is proposed to call
these the radial stolons; they form continuous lines radiatieg in
all directions away from the nucleus. The other two stolons of
each tube project at right angles to the direction of the radial
stolons; they form circles round the nucleus, and may therefore
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be called the eyclical stolons. The connection of all these differ-
ent parts may be better understood by studying the following
figures.

2. A small portion of R. eccidentalis showing the tubes. 3. A part of
the lower side of the same species showing the nucleus and ectorhin.
4. A fragment of the same, showing the endorhin, the pores at the
angles of the plates, and the nucleus, which, on this side, is usually
deeply concave.

At the lower side of fig. 2, is shown the ectorhin and the aper-
tures in the hollow stolons, broken off in the specimen. The aper-
tures are slightly enlarged in the figure. In fig. 2, the usual
aspeet of the central portion of the lower side of this species is
given. It will be seen thai the greater number of the plates are
not truly rhomboidal, but approach the form of a spherical triangle
with two of the sides concave. This form of the plates fre-
quently occurs. The convex side of such plates is always
outwards towards the periphery of the fossil, and the acute
angle formed by the two concave sides always directed towards
the nucleus. This shows that the consolidation of the plates
commenced at the nucleus and gradually extended outwards. In
many specimens the platesare all perfectly rhomboidal, and insuch
they may have solidified simultancously all over the body. One
corner of the specimen at « is represented as denuded of the ector
hin, showing the various markings beneath, which will be hereafter
esplained by other figures. By fig. 4 is represented the ordinary
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appearance of the endorhin of silicified specimens when cleared of
the limestone matrix by treatment with acid.  Although the pores
have been seen in this species only, yet it seems quite probable
that they occur in altothers of the genus

In the diagram fig. 5 the tubes are placed proportionately much
farther apart than they are in any known species, in order to ex-
hibit the structure with the greater clearness. The endorhin is
drawn as if it were transparent to show the position of the tubes
beneath it. The dotted lines give the outlines of the upper por-
tions of the tubes, and also define the course of the endorhinal
canals,—four radiating from the top of each tube. The endorhi-
nal pores—one situated at each of the points where the angles of
four plates meet—penetrate through the endorhin into the space
between the tubes, and not into the tubes themselves, as might be
supposed from a superficial examination. In the ectorhin the rough
lines 7 represent the sutures between the plates; and it will be
observed that they have the same direction as the endorhinal su-
tures in the upper part of the figure. The stolons have not the

5. Diagram to explain the structure of the body-wall of Receptaculites.
b, the endorhin; ¢, the ectorhin ; d, suture between the plates of
the endorhin ; e, endorhinal pore; £, endorhinal canal; &, radial
stolon; %, cyclical stolon; k, suturc between the plates of the
ectorhin.

same direction as the endorhinal canals, but are, as it were, turned
oneeighth round, so that the two directions are inclined to each
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other at an angle of 45°. The stolons run along the inner sur-
face of the ectorhin, but the endorhinal canals are excavated in the
substance of the endorhin. The space between the tubes is almost
always filled with the rock of the same kind as that in which the
fossil is imbedded. In perfect specimens, the rock, while it was
still in the condition of soft mud, must have found its way through
the aperture in the upper side into the great central eavi y, and
thence through the endorhinal poresinto thespaces between the tubes.
Tn general the upper side or vault, as it may be called, over the cen-
tral cavity is not preserved, and the specimen then consists of the
whole or a portion of the base with the nucleus, as in figs. 3, 4.
Theseare also filled with matrix; the soft ooze having entered not only
through the pores, but also through the broken margin. Itis prob-
able that the animal lived with its base partly buried, a portion of
the vault with the aperture projecting above the surface of the mud.
During the life the central cavity was perhaps kept free from
sediment by currents of water which the animal had the power of ex-
citing. But as soon as the currentsceased (with vitality), the mud
would enter freely. The vault would also soon fali to pieces, and the
fragments of all those tndividuals of which it (the vault) projected
above the surface of the sediment would be soon scattered, while
the partly buried base would be preserved.

The specimen represented by fiz. 6 is a fragment of the
cctorhin of R, calciferus, from the Calciferous formation, Mingan
Islands. It shows only the inner surface on which the stolons
are still preserved, but the tubes are worn nearly to their bases.
It is rare to find specimens in that condition; and this one was
not suspeeted to be a Receptaculites for several years after its
discovery, until a large portion of the base of an individual of
. occidentalis wus found, which, by having been slowly weathered
down from the upper side, retains the tubes over an area of several
square inches, while a considerable space around the nucleus
is covered with the squares formed by the stolons, precisely as
in this example. Fig 7 is a cast of the inner surface of the
cetorhin of B. Owent (Hall), from the Lower Silurian rocks of
Illinois. The integument itself is totally removed. The vertical
lines arc the impressions of the radial stolons, while the more
irregular and slightly curved tramsverse lines are the imprints
of the cyclical stolons.  The dark points are the apertures of the
cylindrical perforations in the rock once oceupied by the tubes
now entirely removed.  On following any one of the lines, it will
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be seen that there is, between cvery two of the orifices, a point
where two of the lines cross without an orifice at their interseetion.
Bach one of these marks the point where the angles of four plates
met. Tour stolons also met at each of these points. This will
be readily understeod by comparing fig. 5. In specimens in this
state of preservation we see no traces of the sutures between the
plates, as the whole substance of the ectorhin—plates, sutures and
all—is destroyed.
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6. Fragment of R. calciferus (Billings). 7. R. Oweni (Hall). 8 and 9
Tetragonis Murchisonii (Eichwald).

Fig. 8 is a reduced outline of Tetragonis Murchisondz, from
Eichwald’s ¢ Urwelt Russlands,” pl. iii, fig. 18. It does not show
all the lines given in the original figure, as they could not well be
represented on so small a scale.  Fig. 9 is the upper part of the
same figure, of the size of the original. The vertical lines are the
impressions of the radial stolons, and the finer transverse lines the
grooves of the cyclioal stolons. By comparing fig. 7, it will be
seen that the grooves in both figures have precisely the same
arrangement ; that is to say, the dark points, representing the
openings of the cylindrical cavities, once occupied by the tubes,
occur at each alternate crossing of the grooves. It would appear,
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therefore, that Eichwald’s genus Zetragonis was founded on a
species of Receptaculites, with the ectorhin removed. The genus
Ischadites also eshibits very similar markings, as may be seen by
comparing the figures of 1. Kaenigéi (Murch.), on pl. 12, ¢ Siluria,’
and the following of B, Canadensis.

The specimen represented by fig. 10 has been figured by me in
the Geology of Canada, p. 304, under the name of Ischadites
Canadensis. It is the cast of the inner surface of the ectorhin,
and differs remarkably from the similar specimen of . Owent
(ante, fig. 7). It is deeply pitted all over with sub-quadrangular
or rhomboidal depressions, the form of eaeh cavity being such as
would be made by the impression of a small four-sided pyramid.
In the bottom of cach is a small rounded orifice, from which
radiate three grooves to three of the angles of the square. These,

10. R. Canadensis (Billings). 11. R. Iowensis (Owen). 12. R. Jonesic
(Billings).
T have not the least doubt, are the grooves of three of the stolons.
The absence of the fourth stolon may be accounted for in this
way. Among the detuched silicified tubes of R. occidentalis
which are found in the sediment left at the bottom of the vessel,
after dissolving specimens of limestone holding these fossils in
acid, numerous specimens have heen collected with only three
stolons in contact with the plate or at the end of the tube, but
with the fourth a small distance from the end. It is evident that
in casts of the inner surface of the ectorhin of specimens with all
the tubes thus constructed, there would be only the three grooves
of the terminal stolons visible on the surface, the fourth being
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buried beneath the surface. I have also ascertained that this
fourth stolon is in . occidentalis, one of the radials, and always
when it can be seen in situ, the one pointing outwards away from
the nucleus.

Fig. 11 is a vertical section of . Jonesit, a small species which
occurs in the upper part of the Lower Helderberg rocks of Gaspé.
The shaded bell-shaped area is the central cavity. It is dis-
tinctly observed in several others of the same species. It will be
seen that the body-wall in the vault above and on the sides of the
cavity is thicker than it is in the base, but the tubes are much
more slender.  They here assume the form of the elongated con-
necting spicula of the true sponges. Fig. 12 is a similar section,
though a specimen of R. Jowensts from the Trenton limestone at
Ottawa. At a, the central cavity is distinctly shown, filled with
the grey limestone matrix, which has also found its way between
the tubes in the base of the fossil. The shaded portions b b are
replaced by a reddish magnesian spar. The under side of the
specimen is deeply concave, and the peripheral margin is so convex
as to resemble a cylinder coiled into a ring. The aperture in one
specimen of E. Jonesiz is rounded, and resembles the umbilicus of
an apple.

The figures given by different authors of foreign species show a
considerable range of variation in the general form, and apparently
also in the structure of the body-wall. The details given in this
paper have been made out principally by the study of numerous
specimens of . occidentalis, which is undoubtedly congenerie
with R. Neptunt, the typical form of the genus.  In others, such
as Tetragonis sulcata and T parvipora (Bichwald), there appears
to be a transition to species in which the ectorhin was a soft
coriaceous integument, not distinctly plated, although cennected
with the interior by tubes or spicula. The genus Zetragonis,
instead of becoming obsolete, might be retained for some of the
species which have a structure different from that of R. Neptund.

As to the zoological rank of Receptaculites there yet remains
much diversity of opinion. At the present time the most ably
supported view is that which places the genus in the Foraminifera
near Orbitolites. Seen in this light, the diagram at the head of
this paper would represent the soft and not the hard parts of the
animal. If this be the true interpretation, then we must suppose
that outside of the ectorhin there was a layer of shell, and another
layer covering the endorhin, or lining the great central cavity.
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All the space between the tubes was also a compact mass of shelly
substance similar to that of the Foraminifera. But not a vestige
of any such shell has ever been discovered. The space between
the tubes is invariably filled with the same kind of rock as that
in which the specimens are imbedded, while all that is, in this
paper, deseribed as constituting the skeleton is in the same mineral
condition as are the hard parts of the corals, crinoids and
molluses found buried in the same beds. Inthe ordinary limestone
whenever the solid portions of the other fossils are replaced either
by caleareous spar or silica, or partly by one and partly by the
other, the skeleton of Receptaculites is always found converted
into the same mineral substances. And again in the magnesian
limestones where the hard parts of fossils are, in general, totally
removed, so that the cavities once occupied by them remain empty,
we find Receptaculites in the same condition. We have not the
tubes themselves, but only the eylindrical perforations in the rock
which they at one time filled, while the existence of the stolons is
only indicated by grooves such as those represented in figs. 7, 9,
10.  These facts seem to prove clearly that the space between the
tubes was not filled with shell substance, but either empty, or
entirely, or partly full of soft matter, which was immediately dis.
sipated after the death of the animal, and its place occupied by the
soft mud in or on which the creature lived. Were it otherwise
we would now find the space in question a compact mass of
calcarcous spar or amorphous silex, while the tubes (or cells as
they would be in that case) might be filled with limestone,
In the magnesian specimens the ecctorhin seldom, if ever,
remains; and in species with flab plates the form (of the plates)
can rarely be made out, the only markings on the surface being
the grooves of the stolons. But where the plates were deeply
concave the position of the sutures is indicated by mors or less
strongly clevated ridges enclosing rhomboidal depressed spaces
with a tube-cavity in the centre. TFig. 10 represents a fragment
of R. Canadensts in that state of preservation, The rhomboids
in this case are not the plates themselves, but only their impres-
sions. In describing such specimens, the tubes are sometimes
spoken of as having rhomboidal openings, but this is an error;
the tubes when perfect, as can be proved by hundreds of specimens,
are not open at all, but completely closed, at one end by the
ectorhin and at the other by the’endorhin. They all, however,
<ommunicate with each other through the stolons and endorhinal
canals,

Vor. II. No. 3.

3
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Were the tubes of Receptaculites to be closely erowded together
so that their walls would everywhere be in contact, and no space
between them, then the structure would be similar to that of
Orbitolites, but with the system of connecting stolons arranged on
a different plan, The genus would then also closely resemble
Dactylopora ; but I do not yet see that the cvidence is sufficient to
prove clearly that the tubes are strictly the homologues of the
cells of any group of the Foraminifera. They appear to me to be
more nearly related to the connecting spicula of the Spongidee.
Bach tube with its cylindrical shaft, and plate at each extremity,
resembles not remotely a birotulate spiculur. Or it might perbaps
with more probability be described as consisting of two spicula
united at their points. Thus the cctorhinal plate with the four
stolons may be a peculiar form of the foliato-peltate spicula, of
which many different’ kinds are figured by Bowerbank. The
cylindrical shaft may be a spiculum approaching the acuate or
acerate varieties with its point inserted into the nucleus of the
foliato-peltate spiculum. Most sponge spicula are hollow; and we
know how often it happens in the structure of the animal kingdom
that organs may at one time subserve one function, and elsewhere
a very different function. The cylindrical cavity, which in the
spicula of the ordinary sponges scems to be functionless, may in
Leceptaculites be transformed into a canal for the transmission of
fluids.  But although the cavities of all the tubes in Recepta-
culites communicate with cach other through the endorhinal canals,
and perhaps through the stolons also, they may not constitute a
canal-system. The so-called tubes are extremely slender, and may
be solid in some species.

On comparison it will be found that the general form of Recep-
tuculites and structure of its body-wall is almost precisely that of
the seed-like body that plays so important a part in the devel-
opment of Spongilla. This consists of a small ovate or spherical
sac with an aperture on one side leading into the eavity within.
The enclosing wall consists of a curiacecous membrane on the out-
side of which there are arranged, perpendicularly to the surface,
numerous small birotulate spicula, exactly as the tubes of Recepta-
culites are arranged on the endorhin. The outer extremities of
these spicula give off at right angles a number of small spines
corresponding to the stolons above figured. These spines coalesce,
and (if I understand the figures rightly) become connected
together, so that they form by their union a plate similar to that of
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Receptaculites, only that it is hexagonal. The plates of all the
spicula enlarge until all come into contact, and thus an outer
tesselated integument corresponding to the ectorhin is formed. In
this stage a section through the sced-like body shews an inner
integument (or endorhin), and an outer plated integument (or
cetorbin), the two heing separated and at the same time connected
by the pillar-like eylindrical shafts of the spicula representing the
tubes of Leceptaculites. The space between the tubes is, accordirg
to some authors, filled with a gelatinous silicious matter ; but
Bowerbank says he did not detect this substance in the specimens
examined by him. This little sac or cell is a Receptaculites in
miniature, and it is also one of the embryonic stages of a sponge.
When we consider that the full grown and adult individuals of
many of the long extinet tribes of animals never attained in their
structure a more advanced organization than that eshibited by the
embryos of orders living at the present day, it does not seem sur-
prising that we should find in the palecozoic rocks a sponge which
although often of larae size, never became more highly developed,
than is the recent genus Spongilla, when it has only advanced to
the sac-like stage above deseribed. It is not intended to nssert
here positively that Receptaculites is a sponge, or to determine the
question of its zoological rank one way or the other, but only to
dircet attention to such peculiarities in its structure as appear to
me worthy of being taken into account in the investigation.

Genus Pasceorts, Billings.

13. P. Halli. From the Middle Silurian, Anticosti. 14. P. globosus.
Trenton limestone, Ottawa.

The fossils of this genus are of an ovate or globular form cov-
cred with an integument of small polygonal plates (?) and with one
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or more cireular apertures.  Two species are at present known to
occur in the Silurian rocks of Canada, both of which are above
figured.

P, IIalli is of an ovate form, from one to two inches in length
and about one-fourth less, in width, At one end there is a narrow
prolongation which, most probably, constituted the pedicle by
which the body was attached to the bottom. No trace of any
other point of attachment can be seen ; and it is almost certain, there-
fore, that this smaller extremity is the base. A little below the
mid-height of the body there is a small circular clevation which
appears to mark the place of an orifice; but as the integumenc is
not preserved in this part, it cannot, at present, be positively deter-
mined whether there was an aperture here or not. All that can
be said is that there appears to have been an orifice where this cle-
vation occurs. The specimens collected areall easts of the interior,
but of the one figured a portion of the integument remains attached
to the matrix. It is about one-third of a line in thickness, of a
translueent, horny color, the surfuce covered with minute corrugated
wrinkles just visible to the naked eye. No sutures can be distin-
cuished, and the form of the plates can only be made out as so many
obscure convexities on the outside. But where the integument is
removed the cast shows the place of the sutures most distinetly, and
that the plates were deeply concave on the inside. The polygonal
spaces, in the above figure, represent only the outlinesof the casts of
the inner surfaces of the plates, and, as those are deeply concave, of
course the whole surface of the cast of the fossil is covered with
small convex elevations. In some places these are so exceedingly
convex that they present the appearance of a mass of small globu-
lar cells just so much pressed together as to produce the hexagonal
outline along the boundary of contact. Many of these elevations
have a small round knob in the centre with an obscure ridge radi-
ating to the middle of each of the sides, where they meet similar
ridges from the other convexitics. These markings are very ob-
scurely developed, and in some places cannot he seen at all.

P. globosus only differs from 2. Halli in being larger and of a
spherical shape. The specimens are sometimes three inches across,
but the common size is about two inches. They are, usually, more
or less compressed and distorted, in general of a hemispherical
shape, the base flattened as if the body had been a soft globular
sac of matter which had settled down by its own weight. They
are, however, occasionally found of 2 nearly spherical form. On
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one side (the flattened side) of a specimen in the cabinet of Dr. J.
A. Grant, of Ottawa, there is a small elevation which may have
been the point of attachment. Noorifices have yet been made out,
but it thust be observed that no specimen has been collected in
which the whole of the surface can be examined. None that I
have seen have a vestige of the integument remaining. The plates
(or rather their impressions) are, in these specimens, for the greater
part, strongly convex and precisely like those of P. Zalli, only
larger. In some they are partly concave and partly convex or flat.
Individuals also occur which have them either conves, all flat, or
all concave. Yet as these occur together in the same localities, I
think them all one specics. They have, as yet, been found only
at the city of Ottawa in the Trenton limestone.

In one piece of shale scarcely 2 yard square, I collected about
fifty individuals, but although they occur thus abundantly in cer-
tain spots, good specimens are exceedingly rare.

This genus was first deseribed by me in the Report of the
Geological Survey of Canada for 1857, p. 342, and placed among
the fossils of uncertain class.  The two species above figured are
also there deseribed.  They have been on exhibition in the cases
of our museum for the last ten years, and have been examined by
a great many of the naturalists of all countries. But Ido ot
think we yet know to what class they belong. P. Halli and
Ischadites Canadensis are figured on p. 304, of the Geology of
Canada, as members of the Zunicate.  The latter, however, is a
true Receptaculites. Tt is barely possible that the former may be
a tunieate, but we have no positive evidence that it is.

Richwald, in his Lethaea Rossica, has deseribed and figured two
sper s, Cyclocrinus Spaskii and C. exilis, which appear to me to
be . acr congeneric with our two, or, at least, to belong to the
same family. DBoth of Eichwald's specics are small globular
bodies covered with hexagonal or pentagonal plates.  The plates
of C. Spaskii have a tubercle in the centre and a number of
obscure rounded ridges radiating to the sides. He says there isa
small oral orifice on one side, and on the side opposite, a rudimen-
tary pedicle. One of his figured specimens is covered with a tubular
incrustation consisting of small cells which he considers to be a
part of the integument itself. It may be, however, a coral. A
fragment of one of the specimens of P. Halli from Anticosti is
incrusted in precisely the same manner with what I take to bea
species of Stenopora.  Kichwald places his genus among the
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Cystidea ; but the more general characters, such as a jointed crinoi-
dal column, the arms, or pinnulw, and the peculiar orifices which
characterise all true Cystideans, are not forthecoming. It is barely
possible that his view may be the correct one.

The fossil called Spharonites tesselatus (Phillips), from the
English Devonian rocks has the surface covered with hexagonal
plates, and resembles, in general aspect, a species of Pasceolus.  Mr.
Pengelly has figured a specimen in the Geologist, vol. iv, which shows
the interior, covered with a net-work of vertical and horizontal
ribs, giving the appearance of the inner surface of the specimen of
Receptaculites calciferus above noticed. He proposes a new gen-
cric nome, Spherospongia, for it. If the specimen figured by him
be truly of the same species as that deseribed by Phillips, it would
seem that an internal structure like that of Recaptaculites is not
inconsistent with an infezument of hexagonal instead of quadrila-
teral plates. I do not see, however, how the net-work figured by
Mr. Pengelly can be made to fit hexagonal plates in the way that
the squares formed by the stolons of Receptaculites are adjusted.

M. M. Edwards and Haime have referred Eichwald’s genus
Cyclocrinus to the Zoantharia. _ Whether they arc right or not
with regard to the Russian speeies, I can most confidently assert
that Pusceolus is not a coral. It may be allied to Zeceptaculites,
but its true zoological position is quite undecided at present.

(To be continued.)

GOLD MINES AND GOLD MINING IN NOVA SCOTIA.
By Hesry F. Percey, Esq., Halifax, N. S.

As in other parts of the world where gold is now being pro-
duced, the discovery of the precious metal in Nova Scotia was
made by accident. A man drinking at a small brook ; a few specks
of the shining metal found in the sands of the sea-shore ; particles
of gold in a piece of loose quarts,—first brought the auriferous
character of the Tangier, the Wine-Flarbor, and the Renfrew Gold-
Districts into notice. In other localities, search was made among
the quartz-boulders which had lain undisturbed and unnoticed for
years, and they proving auriferous, led to the cstablishment of
such localities into gold districts. It is somewhat strange that
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the existence of these auriferous deposits should have remained so
long undiscovered even by the road-maker or the agriculturist,
and after the many scientific explorations of the country, which
have been made during the present century, by men eminent in
Geology and Mineralogy. Principal Dawson, in 1855, suggested
the probability of the discovery of gold, and with some accuracy
indicated the region in which it might possibly be found, but he
made no search for it.

The first discovery of gold was made in the early part of the
year 1860, on the Tangier River; and since that time, other
localities have been discovered, nearly the whole of which are now
being worked upon. During the excitement of first discovery,
individuals fancied that fortunes were to be made speedily, by the
aid of a shovel, a pick, a pan, and with the expenditure of but
little capital. MMining-lots were laid off by the Government, fifty
by twenty feet, for which high rentals were asked; and in one
or more of these the miner, whether practical or amateur, expended
his labor and his capital, and in the end all failed ;—the practical
man from the want of space on which to deposit the debris of his
underground excavations ; and the amateur, because his patience,
his hopes of making a speedy fortune, and bis capital, were all
exhausted.  Individual enterprise having thus proved unsuceess-
ful, companies were formed; and the Government, sceing the
absurdity of leasing such small arcas, increased their size to
150 by 200 feet, and modified and improved the law relating
to the Gold Tields. Kven with these advantages, many eompanics
failed or sold out to others; and now a large proportion of the
mining arcas in the province are held by companies raised
and incorporated in Massachusetts and New York, having capitals
ranging from $100,000 to £1,000,000. A pumber of these com-
panies have proved to be stock-jobbing operations; speculators
having taken advantage of an excitement created on the stock-
markets of Boston and New York, to palm off unproductive and
almost valueless properties; and to aid their operations, exami-
nations and reports were made by able and scientific men brought
for the purpose, who were capable of investigating thoroughly the
geological phenomena and characteristics of the auriferous districts.
It is to be regretted that their reports are only servicable to
assist in the sale of stock, and add but little to the otherwise
scanty information of the geology of the gold districts. ~ The va-
rious companies at work have had indifferent success; a few are
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carrying on operations and making a profit; whilst others barely
pay expenses ; but the whole are now suffering from a depreciation
in the value of their stock, caused by the bursting of speculative
bubbles thrown into the market, and wafted upwards by seductive
scientific reports, by the exhibition of rich nuggets and massive
bars of gold, and by wondrous tales of the yield to the ton of ore
and of the expected profits. The question whether gold mining in
Nova Scotia is a profitable and safe investment for capital, is still
an unscttled one, though, judging from the past, it would appear
to be both unsatisfactory and unprofitable.

The whole southern coast of Nova Scotia, from Cape Canso
to Cape Sable, consists of ualtered or metamorphic rocks, such
as slates, quartzrock, gneiss, &e. This zone averages about thirty
miles in width, and in it are found the gold-bearing quartz-veins
for which Nova Scotia has now become noted, and from which
a large amount of wealth is being derived. The aspect of the
country is barren and sterile, the hills in many places being
covered with a sparse and stunted growth of trees; huge boulders
of granite, quartzite, or conglomerate abound, giving to the distriet
under consideration the appearance of a country entirely unsuitable
for agriculture. Prof. Dawson, in his ‘Acadian Geology,” page
364, in treating on the Metamorphie district of the Atlantic coast,
states, * With respect to the surface and industrial capabilities,
the different rocks occurring in this district present very various
aspeets.  The clay-slate often has a regular undulating surface
and a considerable depth of shingley or elay soil of a fair quality,
though usually deficient in lime. These slate-districts, however,
contain beds of quartz-rock, which form rocky ridges, from which
boulders have been seattered abroad, and which, by damming-up
the surface waters, produce lakes and bogs, an effect also produced
by the ridged structure of the slate itself, and the impervious sub-
soil which it affords. Wherever, as for instance in North Queens
and Lunenburg, the slate is sufficiently clevated for drainage, and
not encumbered with surface stones, it supports fine forests and
valuable farms. 'Where quartz-rock prevails, the soil is almost
invariably estremely stony and barren. Tnstances of this occur in
Southern Queens, near Halifax, and in the hills near St. Mary's
River.”

With regard to the position of this metamorphic band in the
geologic scale, some doubt seems to cxist. There is no positive
evidence of its geologic age—no trace of a fossil has been found in
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any of the slates or associated rocks.* Prof. Dawson favors the belief
that they are metamorphic Lower Silurian rocks. It is evident to
the observer that they are highly metamorphie, as well as changed
from the horizontal position they once occupied, hy upheavals
which have thrown them into positions almost vertical ; and that
at the time of vpheaval the innumerable quartz-veins which are
now known to exist, must have been formed.

The general character of the geology of the distriet may be
stated in a few words. It conmsists of thick bands of slate and
quartzite, having a general east and west strike, and highly
inclined. In several places, masses of granite project through
these rocks, and in their vieinity the quartz-rock and elay-slate
are usually replaced by gneiss and mica-slate, or other rocks more
highly metamorphosed than usual. The general dip of the strata
is about 60°, but it ranges in localities from the vertical to the
horizontal.  From the examinations of Mr. Campbell of Halifax,
it was found that the strata in the metamorphic distriet have been
folded or plicated no less than six times, and that the summits of
the folds or the anticlinal axes thus formed, were denuded or
abraded during the drift or glacial period. To quote from a report
made by Mr. Campbell to the Provincial Government: ¢ In all
vertical sections hitherto made out across the rocks of the south or
Atlantic coast of the Province, but one line of elevation, or antieli-
nal axis, 1s represented along the centre of a band of strata over
thirty miles in breadth.{ If this had, in reality, been the strati-
graphical arrangement in the south coast-band, there would exist
but a poor chance of many of its older strata being brought to the
surface in lines of upheaval along the north coast of the Province,
where so great an accumulation of newer schistose and Carbon-
iferous rocks has taken place; for such an arrangement as one
line of elevation in such a broad band of strata, would necessarily
imply a vertical thickness of at least ten miles of beds.

“ As it is, however, scarcely two miles in vertical thickness, the
beds are brought in section to the surface, for they are brought up
in six different lines of elevation or anticlinal axes, instead of one.

“ By referring to the section attached [to the Report] it wilt

° Dr. Honeyman has recently announced the discovery of fossils sup-
posed by him to be primordial ; but they have not been described.—Ebs.
T This i3 scarcely correct; though no attempt had previously been
made towork out the details of the numerous folds or dislocations.—Eps.
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be observed that the clay-state is superimposed on the quartaite
as a distinet group, and not interstratified with it.

“The line on which this section is made extends from the
Atlantie, at the south-east entrance of Halifax Harbor, to the
Renfrew Gold-Fields, a distance of a little over thirty miles,
intersceting the anticlinals mentioned. These anticlinals run nearly
poerallel with cach other from the extreme western coast of the
province to the sea-shore between Cape Canso and Liscomb Harbor.
This gives them a curve, from the strike altering from east and
west to south 60° cast, and to the westward of Halifax, to the
south-westward. They do not lie at equal distances apart, owing
no doubt to the strata being folded up irregularly with different
angles of dip.”

That Nova Scotia has been subjected to glacial action, and
that during the perfod of that action the summits of these
anticlinals were denuded and swept away, is plainly apparent.
Where the rock is exposed, whether by the removal of the boulder-
clay or otherwise, it will almost invariably be found to have a
smooth polished surface, and to be marked with furrows, seratches,
and strize, all of which must have been formed by the passage of
heavy and hard substances over it. These scratches indicate the
direction in which the moving masses passed over, and they are
found to have a south-eastern direction over the whole province,
modified of course by local circumstances.

The faet that this denudation has taken place, and the non-
discovery of rich alluvial washings, have led to the belief that the
major portion of the drift has been carried away and deposited in
the Atlantie Ocean, forming the submarine banks which skirt the
southern shore of the Province. This belief is further strength-
ened by the fact that gold is largely disseminated through the
sands of Sable Island; this being the only point of those banks
raised above the sea, and at the same time lying in the general
direction of the drift.

Mr. Campbell does not suppose that the abrading force was
sufficient to expose the whole of the quartz-veins on the strata,
but that many exist which have a capping on the summits of the
anticlinals. Where the veins are exposed in these abraded surfaces,
they are found to dip to the north or south, as they lie to the north
or south of the anticlinals. Thus, at Waverley, which is situated
on the fourth anticlinal axis, the veins which have been opened are
found all fo dip to the north, proving them to be on the north side
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of the anticlinal; while at Oldham, which is on the fifth axis, the
veins are found dipping both to the north and south, which leads
to the belief they lie on either side of the axis.

The Yock most noticed in the mining districts is the quartzite—
-commonly called ¢ whin' by the miners, Itis a strong compact
rock of a grey eolor, consisting of finely granular quartz. It is
supposed to be of immense thickness, for, according to Mr. Campbell,
here it lies exposed to view in the cuttings of the railway from
Halifax to Truro, and where measurements were made, it was
found to be over one mile in depth.

The slate-rock which usually accompanies all the gold-bearing
quartz-veins, is generally argillaceous; and, according to the
authority of Prot. B. Silliman, not an example of talcose slate
appears. His examinations only estended to the eastern portion
of the Province, and if it does exist, it seems to have escaped his
notice. Mr. Poole, who reported to the Provincial Government in
1862, on an examination which he made of the metamorphic dis-
triet west of Halifax, states that he found talcose state at La Have
River and Ritchie’s Cove, and taleose slate with pyrites in quartz
at the Crcam Pots. Near Cranberry Head, in the county of
‘Yarmouth, chloritic slate exists; pure chlorite, and quartz intimately
-coated with minute erystals of chlorite, are found abundantly at
Tangier. The slates are generally found forming the lower or foot
-wall of the quartz-veins, whilst the hanging or upper wall is
usually quartzite. In some instances both walls are of slate;
but that both are of quartzite is of very rare occurrence. Some-
times it is found that a vein is splitinio two, by a third and narrow
vein, having thin walls or partings of slate.

The associated minerals found are zine, blende, iron pyrites,
-mispickel or arsenical pyrites, galena, and the yellow sulphuret of
<opper.

Both iron pyrites and mispickel arc found in the quartz-slates
and quartzite indifferently ; and with the mispickel, gold is almost
invariably associated, particularly at Montague, where large guan-
tities of this mineral are found, in which gold may be plainly
observed; indeed a lump can hardly be broken up without exposing
to view particles of gold. Galena is found in small quantities, and
some specimens have gold in admixture with it. Blende is found
intimately mixed with the quartz, and sometimes lying on the
quartzite at ite junction with the quartz. Its presence is aceepted
as a good sign by the miners. The pyrites is often found
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decomposed, and converted into peroxide of iron, and, by discoloring
the adjacent rocks, often marks the outeropping of a vein.

The question may however be asked, are the veins of quartz in
Nova Scotia true veins, or beds? Up to the present time no
decision has been arrived at in reference to this subjeet; and it is
to be regretted that the gentlemen who, during the past year, have
visited the gold-ficlds to examinre them geologically, have not made
known their views on this point. That the quartz is found follow-
ing the planes of cleavage is apparent; but whether the plane of
cleavage is the true bedding of the slate, is not yet fully settled.
If the dip and plane of cleavage are identical, then the veins of
quartz must be termed true’ beds or strata; but if the dip and
planc of cleavage do not coincide, then the quartz occurs in
veins. A solution of this point can easily be accomplished, and
will be of interest to the geological student.

The quartz-veins of Nova Scotia vary in width from one eighth
of an inch to eight fect, though the general width is found to
range from three to twenty inches. Experience has shown that
the larger the veins, the poorer their yield in gold. On the property
of the Waverley Gold-Mining Company at Waverley, there are
three veins respectively, twenty-four and thirty and thirty-six inches
in width, which are barren; while in their neighborhood, veins
of from six to eighteen inches produce from thirteen to twenty
penny-weights of gold to the ton of quartz. In the larger veins
the quartz appears to be free from the foreign minerals already
mentioned, of a milk-white color, very much laminated, and breaks
into irregular masses; while the productive quartz varies in color,
is pure and crystalline, breaks into more regular forms, and is
intimately mixed with the mincrals above alluded to.

Gold is not however entirely confined to the quartz-veins, but is
often found mixed with the slates on the foot-walls, and in the
partings in several veins. But whether it is found in the quartz,
in the metallic sulphurets, or in the slates, it is always pure, and,
where visible, is seen in the form of grains or nuggets, called ‘sights”
by the miners. In some cases, however, it is invisible to the - ye,
and can only be separated by crushing and amalgamation. It has
been observed, that where a very large sight, or quantity of sights,
i8 found, which would indicate increased richness in the vein, it
most generally follows that for some distance or depth on cither
side of the rich spot the vein is almost barren.

Veins do not preserve their width as they descend: they are
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found to vary greatly, sometimes gradually thinning out to a
mere thread, and then inercasing in size as a greater depth is
reached. They are often split-up into two or more branches, or
are greajly enlarged by the junction of cross-veins. Neither do
the veins dip with any degree of regularity, many of them having
three or four rates of dip, which renders the sinking of shafts a
troublesome and oftentimes an espensive matter ; for the shafts
are sunk vertically through the carth to the bed-rock, and
then generally driven with the vein, and always on the lower or
foot-wall side. Taults occur in most veins, owing no doubt to
dislocations of the strata; and instances are known where the vein
has been cut entirely off, and thrown for some feet.

It is generally supposed thai auriferous veins present the richest
ore at the surface, and decrease in the value of their yield with the
depth, until at depths ranging from one to two hundred feet they
no longer pay for working, This opinion is countenanced by the
highest French and Bnglish authorities, and is supported by a wide
class of facts. In Australia very large sums were spent in deep
sinking on veins which were productive at the surface, but when
certain depths were reached they proved barren and unprofitable.

In 1859 and 1860, after the quartz veins of Vietoria (Australia)
had been for some time neglected, the received opinion that auri-
ferous veins diminished in value with their depth was disregarded,
and, judging from a few esceptional cases where veins had paid at
depths of from two to four hundred feet, those veins that had
proved rich at the surface or within a depth of onc hundred feet,
were again opened and active operations carried on.  But it was
found that the rule held good ; and it is boldly stated, that there
are not six veins in the colony of Victoria (in 1860) from which
a sufficient quantity of gold had been extracted at a depth of fowr
hundred feet to pay the cost of extraction. Sir Roderiek Murchison
has stated, that the rule prevails in auriferous countries * that the
working of gold-bearing quartz is not remunerative excepting near
the surface, the ore being concentrated in the upper parts of the
lodes.”

Whether this rule will hold good in Nova Scotia still remains to
be proved. So far, varied success has been met with in different
shafts, which have been sunk to depths reaching from eighty to
one hundred feet. At Waverley a shaft is now down one hundred
and eighty-five feet, and the quartz obtained at that depth proves
zicher than that obtained at or near the surface.
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A fact respecting the distribution of gold in the vein-rock, has
been established in the mines of Nova Scotia: it is, that the
precious metal does not pervade the whole vein alike, but runs in
bands or streaks, at different rates of dip or inclination, in different
veins. Were this fact fully understood, miners would be enabled
to ealeulate, from observations und measurements made in openings
on the vein which they propose tomine, at what depth they may ex-
peet to reach the auriferous and paying portion of the veinin new
shafts, The following extract from Iittell’s “Resources of Cali-
fornia ” is in elucidation of this fact :—

¢ Most of the gold in a lode is usually in a rich streak near the
foot-wall or lower side, as if the netal had scttled down by its
gravity. The rock near the hanging-wall or upper side of the lode
is the poorest. Oceasionally several rich streaks will be found in
a lode—one streak with coarse particles, another with fine. All
parts of a lode are not equally rich; but the gold is found in
spots. A lode which is very rich in one place, may be poor in
another not very far off; indeed, there is no auriferous vein in the
state known to be rich for a long distance on the surface. The
gold is found in streaks or pockets ; the rich streak runs down-
ward, or has a dip in the lode. It is a matter of very great impor-
tance to the miner to ascertain the dircction of this dip, and here
is the rule: Take out some of the vein-stone, and examine the
wall-rock carefully.  In most veins it will be found that the wail
has little furrows, as though the lode had been pushed upwards.
These furrows indicate the direction of the dip of the rich streaks.
Pockets may be eonsidered as interrupted streaks; and when one
rich pocket is discovered, others may usually be found by going
down into the vein in the proper direction, and that is ascertained
in the same manner as for continuous streaks.”

Among all the veins of guartz discovered, none has excited so
much curiosity, or given rise to so much speculation on the theory
of its formation, as the horizoutally plicated or folded vein found on
Laidlaw’s hill in the Waverley distriet.™

The following description of this vein by J. Arthur Phillips,
of London, will convey some idea as to the appearance of this
peculiar vein :—

- % The most remarkable deposit of auriferous quartz hitherto

® See a description and figures of them by Prof. Sillimar in Silliman’s
Journal {2], xxxviii, 104.
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found is undoubtedly that of Laidlaw’s farm. The principal
workings are situated near the summit of a hill composed of hard
metamorphic shales, where openings have been made to the depth
of from four to five feet upon a nearly horizontal bed of corrugated.
quartz of from cight to ten inches in thickness. This auriferous
deposit is entirely different from anything I had before seen, and,
when laid open, presents the appearance of trees or logs of wood
laid together side by side, after the manner of an American
corduroy road. From this circumstance the miners have applied
the nawe of ¢ barrel-quartz’ to the formation, which in many cases
presents an appearance not unlike a series of small casks laid to-
gether side by side and end to end.”

“ The rock covering this remarkable horizontal vein is exceed-
ingly hard ; but beneath it for some little distance it is softer, and
somewhat more fissile. The quartz itself is foliated parallel to the
lines of curvature, and exhibits a tendency to break in zecordance
with these strise.”

‘ The headings, and partieularly the upper surface of the corru-
gations, are gencrally covered by a thin bark-like coating of brown
oxide of iron, which is frequently seen to enclose numerous
particles of coarse gold, and the quartz in the vicinity of this
oxide of iron is itsclf often highly auriferous.”

Up to the present time this vein has not been found further to
the eastward than the point of ifs first discovery, whilst it Las
been traced some eight hundred feet to the west, in all cases being
overlaid with rock, and that again with earth, in some places to
the depth of ten feet. Under the impression that the stratum in
this locality cither lay in its original horizontal plane of depesi-
tion, and had not been subjected to upheaval; or that after being
uplifted it had become folded over into the position it occupies;
or that it is the summit of an anticlinal axis; it was judged that
other and parallel veins would be found at lower depibs, under-
lying the vein exposed. Shafts were sunk to depths of over fifty
feet, and exploring drifts run out at that depth, but without
success; and it is doubted whether any other veins do exist.
This is all the more singular when it is stated, that on the oppo-
site side of Lake Thomas, a distance of only one quarter of 2 mile
to the westward, the strata are upheaved at an angle of 80° and
numerous veins of quartz are found, and afford profitable returns’
on being worked.

The discovery of gold in the conglomerate at Gay’s River has
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given rise to much speculation as to its origin in that matrix.
The following description has been extracted from a letter from
Mr. C. Fred. Hartt, to Principal Dawson, on this subject, a copy
of which has been kindly furnished by Mr, Hartt :—

“ At Corbett’s Mills the clay-slates are overlaid unconformably
by nearly horizontal beds of grey and red conglomerate grit, and
sandstone of the Lower Carboniferous, probably of the age of the
lower conl-measures. These are overlaid by a mass of drift of
variable thickness, and beds of stratified sand and clay. These
conglomerates are not Silurian, for they overlic unconformably the
rocks of that age, and they are totally unlike any Devonian rocks
occurring in the Province. Lying as they do on the margin of
the Carboniferous basin, they agree perfectly with the conglom-
erates and sandstones of the Lower Carboniferous group, for they
contain a few ill-preserved fossil-plants like those found in similar
Carboniferous beds.

¢ The under part of the bed of the conglomerate or grit, at its
junction with the slates, is highly awriferous, the gold oceurring
principally in the form of flattened scales, sowetimes a quarter of
an inch in diameter, disseminated through the rock. Many frag-
ments of conglomerate have been found, not a cubic inch in size,
on the surfaces of which from twenty to thirty of the scales could
be observed with the naked eye. In the workings now being
carried on, levels are driven into the bank at the junction of ihe
two formations ; a foot or more of the under part of the conglom-
crate bed is removed, and washed in the common miner’s eradle
and pan, and yields rich returns. Only one vein of uartz, one
«quarter of an inch in thickness, has as yet been discovered in the
slates under the Carboniferousbeds; it is highly auriferous, and
has a strike of about north and south, and dips to the castward
about 70°.”

No alluvial washings to any extent exist in the Province at the
present time.  In 1861, the discovery of gold in the sands of the
sea-beaches of the peninsula known as the Qvens, in the County
of Lunenburg, created great excitement for a time; but this sub-
sided as the returns gradually grew poorer, and by the end of
the summer of that year the washings were exhausted. The gold
found is not to be ascribed to deposition during the drift-period,
but is probably derived from the cliffs which form the shores.
These cliffs arc about fifty feet in height, and are composed of
bands of hard and soft laminated slates, with veins of auriferous
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quartz, and bands of common and arsenical pyrites intermixed.
The action of the clements in decomposing the pyrites, the cffeets
of the sea-waves in crumbling the soft slates, together with the
frosts of each succeeding year, all have a tendency to undermine
and destroy the coast ; and the debris thus formed is washed away
during heavy gales, and, after a lapse of time, again appears in
the shape of sand and gravel, together with the smaller and lighter
particles of gold which have been released from their matrices.

During the present year applications ba~e been made to the Gold
Comuissioner for arcas on the Middle River, in Vietoria County,
Cape Breton, and after due examination it was proclaimed a
gold distriet. Up to the present time all the gold produced is
from alluvial washings, and it is spoken of as being ‘coarse and
nuggetty., Very little is now being done in the district, and the
excitement bas died away.

To obtain the gold contained in the gangue the following
processes arc necessary, viz., calcination, crushing, amalgamation,
retorting, and smelting, Many omit the first operation, but all
the others are indispensable. A difference of opinion exists as to
the benefit of caleination, some contending that the wear and
tear of machinery in crushing ‘raw’ and unburnt quartz are
equal to the cost of caleination. Quartz is either calcined by
being piled into heaps in alternate layers of quartz and wood ; ox
is placed in the same manner in kilns constructed for the purpose,
each kiln holding from ten to fifty tons. The whole is thus sub-
mitted to the action of intense heat, the greater portion of the sul-
phur and arsenic components of the pyrites are volatilized, and the
quartz itself is rendered friable, aud ecasier to crush in the
mills. It is affirmed that quartz thus ealeined will give a larger
yicld per ton than the unburned quartz. The sulphur and
arsenic being in a great measure driven off, the quicksilver amal.
gamates with the gold released from the sulphurets. On the
other hand, it is affirmed, that the cost of fucl and transport to and
from the kilns, and the interest on the cost of these, all amount
to a larger sum than the presumed loss in gold, plus the wear and
tear of the machinery. The method of caleination in use in Nova
Seotia does not fully answer the purpose for which it is intended,
viz., the decomposition of the sulphurets. The quartz as it is
extracted from the vein, is thrown into the kilns, without being
broken into small pieces so as to expose the pyrites contained in
the interior of the masses; and it is therefore impossible that the

Vor. IL 0 No. 3.
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intended effect can be produced. Although the auriferous ores
of Nova Scotia may be decemed pyritous, yet they are compara.
tively free when contrasted with the ores of Colorado. These are
highly pyritous, and calcination or desulphurization is now being
carried on to & great extent. In the process known as Ieith's,
the ores are first crushed to a fine powder, and then submitted to
theaction of fire by being drawn through a flue, and are deposited
in chambers at the other end. By actual trial, onc cord (128
cubic feet) of ore, weighing 14,700 lbs. weighed only 8871 lbs,
after being submitted to this process; having lost 5829 lbs., which
had passed away in vapor. That the yield of gold was inercased
may be learned from the fact that a cord of ore treated by the old
process yielded at the rate of $100 per cord, whereas after being
desulphurized the yield was §864,—ncarly a ninefold increase.’®

The quartz is broight from the kilns to the mill, and is there
broken up into small picces, either by hand or by means of a
crucker. 'This machine consists of a heavy-recessed cast-iron bed-
plate ; two sides of the recess (which is about twelve inches deep)
are vertical, and the other two are inclined towards cach other.
On the sloping faces are secured corrugated plates of cast iron. In
the recess, working on a pin in its lower end, is a heavy iron block
having corrugated plates on two faces. This block works back-
wards and forwards in the recess, and the quartz, being fed between
the plates, is gradually crushed up, and fulls out at the bottom.
By the use of this machine a latge quantity of quartz can be
crushed in a day, better than it can be done by hand, and at a
cheaper rate.

After being cracked, the quartz is submitted to the operation of
crushing, two modes of which are in operation in the Province,
viz.,, by stamps, and by Chilian mills. The stamps are of two
kinds, square and revolving.  In either case a datlery consists of
a box, which may be made of cast or wrought iron, or of
wood faced with boiler-plate; the bottoms of both kinds being
made of cast iron, and protected by small plates called anvil-blocks,
In the stamper-box are placed either four or six stamps; a stump

* The process bere referred to as Keith's appears to be an imperfect
form of that employed in the novel and ingenious methods of Messrs.
Whelpley and Storer, of Boston, which seem destined to revolutionize the
art of metallurgy. See, for a brief notice of them, Silliman’s Journaj
[2], xxxvii, 401,—Eps,
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consisting of a head, shoe, and rod, each stamp weighing from
350 to 700 pounds. The shoes are made of hard grey iron to with-
stand the wear, and they are replaced in the bottom of the head
when worn out. The stamper-rods are firmly held by guides, and
carry projecting pins or collars. A cam shaft, carrying as many
cams as there are stamps, is worked by any motive power, and
in its revolutions the cams are brought into contact with the pins
or collars, and the stamps lifted and dropped in rotation. The
difference between the square and revolving stamps is, that the
heads of the squave stamps are square, and their united areas are
almost equal to the inside area of the stamp-box, and they merely
rise and fall without any other motion. The revolving stamps
have round heads and rods, and by the action of the cam on the
collar as the stamps are lifted, a circular motion is given, which,
continuing through the fall, is supposed to be more effective in
crushing the quartz to a fine state, than the simple lift and fall
of the square stamp.

The quartz is fed into the rear of the box in small quantities
at a time, and it is there acted upon by the stamps. A constant
supply of water, generally hot, to assist the amalgamation, is led
into the boxes, and forms a paste with the crushed quartz. In
front of the boxes is an oblong opening, which is covered with a
wire-net, having from 160 to 200 holes to the square inch, and
through this the whole of the erushed quartz must pass.

The Chilian mill, an improvement on the Spanish arastra,
still in use in South America, consists of a bed about six feet in
diameter, which may be cither of cast iron or of some hard solid
stone, surrounded by a sloping rim of stout sheet iron. On this
bed, two edge-wheels revolve, and, as the quartz is fed under them,
it is crushed and mixed with the water supplied into a thin paste.
A constant supply of water is kept up, and the overflow carries
away the siliceous particles which are held in suspension. Several
of Howell’s rotary crushers have been tried, but the whole have
proved failures, and are laid aside.

The extraction of the gold from the paste is effected by means
of quicksilver, and is termed amalgamation. There are many
different appliances for producing this result in operation in the
Provinee. A description of all the modes would occupy too much
time; and it may therefore suffice to say, that in the Chilian il
the quicksilver is placed in the pan, and is brought into contact
with the gold as it is separated from the quartz by the act of
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crushing. In the stamps, a portion of quicksilver is placed in the
stamper-bos, and the paste, as it flows forth, is carried over plates
of copper amalgamated with quicksilver; or is led direetly into
shaking-tables ; passed over riffles, having mercury in the top
riffies; over complex arrangements of copper cups containing mer-
cury; through amalgamated pans, &e.; or combinations of two or
more of these systems. In some n:ills, after the paste has passed
through or over the amalgamating system, it is passed Jhrough a
Chilian mill to recover any gold that may have passed away in
the tailings. In others the tailings are carried overinelined tables
covered with blankets, in the asperities of whiel the metals lodge
by their gravity, while the silicious particles are washed away.
These Llunkets are removed at intervals, washed of their contents,
and then relaid.  Or the tailings may be passed over a buddle,
and the metallic portion thus collected. In either case, this is
placed in barrcls attached to a horizontal shaft, with a few pounds
of mercury and a quantity of water, and the whole kept revolving
for a number of hours. The yicld of gold in this process is, how-
ever, generally very small.  The tailings are then allowed to go to
waste; the propriety of doing which, will be alluded to hercafter.

The question, can there be perfect analgamation ? is still unan-
swered. Many machines, simple or complex in their construction
and arrangement, have been invented, each of which has been deem-
ed the only perfeet machine, and yet none is perfect. An arrange-
ment by which the quartz crushed to a fine powder and freed from
the sulphurets could be passed through a body of mereury so as to
cnsure contact with every particle of gold contained in the mass,
and at the same time to avoid the loss of mereury, would be the best
for amalgamation. A number of machines to effect this have been
constructed, but have not proved successful. The great difference
between the specifiec gravities of quartz, 2.60, and mercury, 13.5,
renders it a difficult matter to pass successfully the lighter bodies
through the denser.

That a large portion of the gold from the mines of Nova Scotia
is lost and carried away in the tailings is well established ; and
with the systems of amalgamation in use, it would appear impos-
sible to avoid a loss.  In the Chilian mill the gold is ground to a
fine powder, and may be seen floating on the surface of the water.
Although its specific gravity is so great, no known means will cause
it to scttle, and it is carried away in the overflow. Under the
stamps the quartz is crushed into fine particles, and adhering to
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many of these may be observed, by the aid of a glass, minute specks
of gold; these of course are washed away. Again, gold is inti-
mately associated with the sulphurets, and is lost as the pyritous
grains 'are swept away with the silicious particles ; and even grains
of gold are carried away by too copious a supply of water. At
Lunenburg where the gold was washed out of the sands of the
sea beach, great difficulty was experienced in obtaining amalgama-
tion, owing to the particles of gold being covered with a film which
entirely prevented a union with mereury. No doubt this coating
was formed by the decayed organic matter brought by the waves.

Allusion has been made heretofore to the loss of gold by reason
of a non-reduction of the sulphurets; and in elucidation of this
point, the following assays were made on tailings taken from a
mill at Waverly.

Assay No.1; tailings selected from different parts of the tailings-
bank. 100 grains showed a yield equivalent to 6 dwts. 8 grains of
gold to the ton of 2000 lbs.

Assay No. 2. From 5 lbs. of tailings all the silicious particles were
washed out, leaving the sulphurets, which only amounted to 3 oz.
11 dwts. 100 grains, and showed a result of 6 oz. 14 dwts. 1 gr.
of gold, and 10 dwts. of silver, to the ton of 2000 lbs.

Assay No. 3; tailings as they were taken from the bed =nd re-
duced to a fine powder. 100 grains yiclded the equivalent of
7 dwts. 16 grs. of gold, and 2 dwts. 14 grs. of silver, to the ton
of 2000 pounds.

In considering the results of these assays, it is apparent that
a great loss takes place in permitting the sulphurets to flow away.
By assay No. 2 the sulphurets amounted to 3 0z. 11 dwts., being -4~
or 5.88 per cent of the mass, and the result of the assay showed
an amount equal to 6 oz 14 dwts. 1 gr. of gold and 10 dwts. of silver
per ton of 2000 Ibs. Allowing the market valucof gold to be $19.75
per ounce, the value of a ton of sulphurets, setting aside the va-
lue of the silver in this instance, will be $132.36. As it takes
seventeen tons of tailings to produce one ton of sulphurets, it
follows that each ton of tailings is worth 8§7.78. By assay No.
3, the yicld from the tailings taken as found, but triturated to a
fine powder, is equal to 7 dwts. 16. grs. to the ton; this at $19.75
per ounce, amounts to $7.59. By assay No. 2 the value of a
ton of tailings is shown to be $7.78,—the two results closely
agreeing.

The mispickel from Montague was analyzed for Prof. Silliman at
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Yale College. Tt was first crushed, and sifted to scparate the coarse
gold, after “which that portion which was finely disseminated was
separated by roasting, flusing, and cupellation. The results caleu-
lated for 2000 lbs. gave of coarse gold 0.5676, and of the diffused
gold 0.2740; = 0.9419 lbs,, or 13 0z. 12 dwts. 22. grs. of gold
to the ton of mispickel. This gold contained only 3.34 per cent
of silver.

The separation of the gold from the sulphurets must be a chemi
cal process, and it is a question whether the cost of extraction may
not exceed the value of the gold obtained. In the gold mines of
Virginia and North Carolina, the surface of the tailings-bank is
plowed over, and the sulphurets ave thus expased to the action of
the weather; when a sufficient time has elapsed, the surface
tailings are run through the mill. This is always founa to pay ex-
penses, and leave a prafit. During the month of August the agent
of the Chebucto Company of Waverley treated a quantity of tailings
in this manner, and was surprised to find that the results would
pay all expenses, and leave a balance.

After the lot of quartz has been crushed, the mill cleaned-up,
and the whole of the mercury used is washed free from all silicious
particles and sulphurets, it is the custom with some to allow
the mercury to stand for some hours, when the amalgam settles to
the bottom, and the free mercury can be poured off for future use ;
or the whole quantity may he subjected to pressure in chamois
leather, when the superfluous mercury is forced out through the
pores of the leather, leaving the amalgam in the shape of a silvery
pasty mass; but whichever means may be adopted, a certain
quantity of dissolved gold passes away with the mereury, which,
it is said, is beneficial in promoting amalgamation in future
ooeratlons

The separation of the gold from the mercury is performed in the
operation of reforting. The retort is a cast iron vessel, conical in
shape, having a cover which is made to fit extremely tight, to
prevent the escape of the fumes of the mercury. In the cover is
inserted a bent iron tube. The amalgam is placed in the retort,
the cover securely fastened down, and the whole apparatus placed
in the fire and covered with fuel. Sosoon as the mercury begins to
distill over, the end of the tube is plunged into cold water, and a
small stream of water is allowed to full on the tube itself; when
the mercurtal vapor condenses and assumes its original form. Heat
must be kept up until all the mercury has passed over, when the
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retortis removed from the fire, and, after being sufficiently cooled,
is opened, and the gold removed. Great care must be taken in
retorting, otherwise a loss of gold may take place, cither by being
partially melted und made to adhere firmly to the sides of the
rvetort; or in case of too great a heat being applied at an early
stage of the operation, the mercury is flashed as it were into vapor,
and fine particles of gold are sprinkled and deposited over the
inside of the retort, and even into the interior of the tube. Where
the amalgam has been carcfully cleaned, and care has been taken
in retorting, the gold is obtained in one lump, having the shape of
the bottom of the retort, and is of a clear bright yellow color;
otherwise, it is dull and dirty looking, and may be seen sprinkled
with grains of quartz and pyrites. Retorted gold is porous and
spongy in appearance, and will occupy a much larger bulk than
the same weight of smelted gold. It is often remitted by the
agents of different companies in this state, but does not eonnnand
the same pricc as smelted gold. In all returns made to the Pro-
vineial Government retorted or unsmelted gold is valued at $18.50
per ounce, and smelted gold at $19.50. Gold in bar commands
a price in the market of from 819.75 to $19.80 per ounce.
Retorted gold generally loses in weight by smelting, owing to the
oxidation of any of the baser metals which may be alloyed with
it; and by the total expulsion of the mercury used in amalga-
mation, a notable quantity of which oftentimes remains with the
gold, when the retort has not been sufficiently heated.

It is to be regretted that the law for the management of the
Gold Fields, does not extend to the establishment of a Government
Assay Office, where gold could be smelted, its fineness determined,
and the bar officially stamped. By this means all gold would
bring a price equivalent to its fineness, and the purchaser be pro-
tected from fraud and imposition.

The Gold Districts jroclaimed in Nova Scotia are eleven in
number, viz: Wagamatcook in Cape Breton, Stormont, Wine
Harbor, Sherbrooke, Tangier, Lawrencetown, Montague, Waverly,
Oldham, Renfrew, and the Ovens at Lunenburgh. Mining is
being carried on to a small extent at Gay's River, on private
lands

These districts are now the property of the Crown, all private
rights having been re-vested; and arcas, or lots me.suring 250
feet by 150 feet have been laid off; the smaller dimension being on
the strike of the veins. Areas may be taken up, by application
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to the Chief Commissioner of Mines, or to the Deputy Commissioner
resident in the district, and secured by the payment of two dollars,
when a lease will be.granted for a term of twenty-one years, Where
gold is discovered on private lands, as at Gayls River, and the
Government decline to re-vest the land, applicants for areas must
first arrange with the proprietor of the land, in writing, for leave to
enter und work, and, on the agreement being deposited with the
Chicf or the Deputy Commissioner, a lease will be issued.

By the covenants in the lease, the lessee must pe form each year
on¢ hundred days’ labor in each area ; but, if he holds ten, and less
than twenty, he will not be required to perform during the first
year more than three fourths of the days’ labor above required ; if
holding twenty or more, but less than thirty arcas—only one half
of the days’ labor will be required ; and if holding thirty or more,
ouly one quarter of the amount. The lessee must also on the first
days of January, April, July, and October, make a return to the
Commissioner showing the number of days’ labor expended, and
the number of tons of quartz raised during the preceding quarter. If
quartz has been sold, all details must be given. He must show the
weight of all quartz sent toa mill; the name of the mill; the yield
of gold ; and also a statement of all gold which may be obtained
in other ways than in a mill,—as, for instance, from alluvial wash-
ings, or by crushing by hand.

Lessces of areas, or parties not holding areas, wishing to erect
a crushing-mill, must obtain a license to work such mill, and enter
into bonds in the penalty of two thousand dollars for the payment
of all royalty due the crown on gold obtained in the mill, and for
a true and exact account of all quartz crushed, where from, by
whom owned, the yield of gold, whether unsmelted or smelted ; and
the amount of royalty due the crown, which amounts to three per
cent. on the value of the gold obtained ; unsmelted gold being
valued at $18.50, and smelted at $19.50 per ounce. These
returns must be made monthly, and sworn to, and the royalty
due paid over.

Although the owner of a mill may not be the owner of the
quartz crushed in his mill, he alone is responsible for the royalty,
and for making the returns; on neglect or refusal to do which,
the mill-license can be concelled, and the bondsmen proceeded
against in the Supreme Court for the recovery of any royalty
which may be due.

In September of the present year, ninety-five mines were being
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worked, giving employment to eight hundred and thirty-six
laborers.  Thirty-four crushing-mills were in operation, twenty-
two of which are driven by steam power, and the remuinder, or
twelve, by water.  The average wages paid will be about one
dollar per day; but very many of the miners, particularly those
from Great Britain, take contracts for sinking shafts, driving adits
and drifts, and for getting out the quartz. Where quartz is
crushed at a mill, the cost per ton for so doing varies from two to
three and a half’ dollars.

The yield from all the mines for the year 1862 was 7,275
ounces; for the year 1863, 14,001 ounces; and for the three
quarters ending October 1st, 1864, 14,565 ounces; making a
total of 35,841l ounces, as the result of two years and three
quarters’ mining. Kstimating this at $19.00 per ounce (for the
greater portion is unsmelted gold), the value will be $680,979.

Assuming the return for the month of September 1864 as a fair
exponent of the yields from the different distriets, it will be found
that, if ranked according to the yield per ton, they will stand in the

following order:
0z, dwis, grs,

Mountague....... Ceseennn eeeerteasaaanns 2 9 17
Sherbrooke ....... eererectacieesennaes 1 8 10
R T 1 5 13
Renfrew. e vir et iiiaeiesasenaaacnanns 1 4 18
Stormont (Isaac’s Harbor)ee.evveivnnnnnns 1 2 12
Wine HAarbor ccovicviiiin ittt iaiennnnas 1 2 2
Waverley. covieiieovieniecennnns RN 018 6
Oldham e veeeeeneirenannnens RN 015 20

If ranked according to the total yield of gold during the month,

they will stand thus:
oz, dwis. grs.

Waverley. oo eereierennnsnnenosnnnons 85 3 3
Sherbrooke. «evvevieieriasronenns v 378 6 1
Wine Harbore.oovvnninne eeetaneanas 220 10 15
Oldham. +oveviiiiririecenncennan eeee 176 2 1
MentABUR ceernereniiansoccnaonancans 134 4 10
Renfrew.... ... D N 11119 O
Stormont (Isaac’s Harbor)............. 99 17 6
Tangier «.... tereeevaranans Cevesranes 88 5 1
Other and unproclaimed Districts ...... 10 4 3

Although the mines are worked, and the yield is annually
increasing, still it may be doubted whether they are profitable
fields for the investment of capital. An individual fortunate in
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the possession of a single area, often reaps a rich return; while
a company having a large working eapital, and owning a laree
number of areas, will be unfortunate in obtaining results. Taults
may occur in the veins, the rich streak may be passed through,
and the vein becomes barren, or gradually thins out to a mere
thread, in sinking upon it; the expense of sinking shafts and
making adits, &e., in the hard rock; the cost of transporting the
quartz to the will, cte., all increase the expenditure, and the quartz
obtained may thus not pay the cost of mining and crushing. A
thin vein may produce a very large yicld, and yet be unprofitable
to work ; while a thick and easily worked vein, though producing
a low yicld per ton, is often found profitable.

The following statement has been prepaved from the return of
the Chicf Commissioner of Mines for the months of July, August,
and September, 186, and is intended to show the yield of the
different distriets per man employed. The return for the month
of September has been used; the price of gold has been assumed
to be $19.00 per ounce, and the cost of crushing per ton to be
$2.50.

District.

Men

employed.

Crushing
it
2
Yicld
per man

Stormont..... } 102 $132 50
Wine Harbor...| 75 500 00 00
Sherbrooke.....| 107 | 266 | 378 7182 00 665 00 24 48
Tangier........| 59 69 88 1672 00 172 50 25 41
Montagu. «o....| 45 54 | 134 2546 00 135 00 53 50
Waverley...... 278 | 937 | 855 16245 00 2342 50 50 00
Oldbam. ..... 80 | 222 | 176 3344 00 553 00 34 86
Renfrew.......] 40 91 | 112 2128 00 227 50 47 50

9
S

iyt
L

Total. ........] 786 | 1892] 2062 k 391178 00 4756 00 43 94

In the above, deduction should be made to meet expenses of
management, royalty, tools, machinery, &e.

The writer, not professing to be a geologist, has to acknowledge
that he has drawn largely from Dr. Dawson’s ¢ Acadian Geology,’
and from the reports made to the Provincial Government, for much
of the geological deseription contained in this paper.

[ Accompanying this interesting communication was a collection
of minerals from the gold-region of Nova Scotia, kindly presented
by Mr. Perley to the Society. DMaps and sections illustrating the
paper, were also sent.}—Communicated by the Nutural History
Society of New Brunswick.



1865.] MACFARLANE—EXTRACTION OF COPPER. 219

ON THE EXTRACTION OF COPPER FROM ITS ORES
IN THE HUMID WAY.

By TuoyAS MACFARLANE.

In the last Report of the Geeological Survey of Canada refer-
ence was made to the poor pyvitous copper ores of the Kastern
Townships; and with regard to the best method of utilizing them,
it was remarked as follows: ¢ It is much to be desired that some
of the various methods which have been proposed for removing
the copper in a soluble form, could be applicd to these ores.”*
The importance of this question has by no means diminished,
since the publication of the report alluded to. The recent discov
ery, in the neighborhood of Lennoxville, of several very promising
beds of pyritiferous copper ore, the difficulty of concentrating
these by any of the usual mechanical processes of ore-dressing,
and the obstacles to the establishment of smelting-houses near to
the mines for the production of ingot copper, all combine to ren-
der this subject onc of somewhat more than ordinary interest.

The processes which have been from time to time proposed, and
put into practical operation, for the humid treatment of eopper
ores are so numerous and diverse, that I shall not attempt to de-
seribe them minutely. I shall merely refer to some of the more
important among them, and especially to those which bear some
resemblance in principle to the method pursued in certain experi-
ments which I have performed on a small seale, with various
Canadian ores, in order to the extraction of the copper contained
in them. The results of these experiments having been very
satisfactory, I shall proceed to deseribe them, and, in conclusion,
refer to the manner in which the method of extraction founded
on them might be most advantageously carried out on a large seale,

1. One of the oldest modes of producing copper in the wet way
is the precipitating it, by weans of metallic iron, from the water
of mines, or that resulting from lixiviating old waste-heaps in
their neighborhood. These waters contain the copper in the form
of sulphates, derived doubtless from the oxidation of sulphuret
ores. This process is or was notlong ago carried on at Sehmolinitz
and Neusohl in Hungary, at Moldava in Croatia, in Anglesea, and
at Rammelsberg in the Lower Hartz.

¢ Geology of Canads, page 736.
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2. Closely allied to this process is the one still followed at Fol-
dal in Norway, where an artificial oxidation takes the place of the
natural oxidation of similar ores. They arc roasted in heaps, and
then lixiviated.

3. At Stadtbergen in Westphalia, and at Linz on the Rhine, the
vapors evolved in roasting various sulphurets are brounht into con-
tact with poor ores containing malachite, and with oxidized ores
containing eupric oxide.  After these have been acted on for sev-
eral weeks. they are lixiviated in the usual munner.

4. Dilute muriatic and sulphuric acids, hyposulphite of soda,
and even ammonia, have been proposed and oceasionally used for
dissolving out the copper of oxidized ores.

5. Much resembling the process mentioned under 2, is the
method in which the oxidation is performed by caleining in rever
beratory furnaces. ° At various Russian smelting works and in
Mansfeldt this process is applied, but in no case does t' e extrae-
tion appear to be at all complete. A large quantity of the copper
is removed in the soluble form, tut fully as much remains in the
residue, which is subjeet to further metallurgical ireatment.

6. The first stage of Bankart’s process is the sameas th. fore-
going ones.  Rich Cuban sulphurets are first caleined by them-
selves in reverberatory furnaces, and then lixiviated ; the residues
arc mixed with a fresh portion of raw ore and again caleined.
The peroxide of iron contained in the caleined ore causes the eon-
version into sulphurie acid of a portion of sulphur which would
otherwise escape as sulphurous acid. The additional amount of
sulphuric acid thus formed contributes of course to rendering the
copper soluble. This principle is doubtless correct, but there
appear to have been other circumstances which interfered with the
practical application of the process.

7. Longmaid caleines pyritous ores with common salt, and then
ligiviates.  In his process there is doubtless a larger amount of
copper rendered soluble than when the sulphurets are caleined
alone ; but the residues, even when abundance of sulphur is present,
are fur from being free from copper.  The process which I have
adopted in the experiments about to be deseribed may be said
to be a combination of the two last mentioned methods,~Bank-
art’s and Longmaid’s.

8. Henderson’s process differs from Liongmaid's merely in this
particular, that the calcination is performed at such a temperature
as to cause the volatilization of the copper in the form of a sub-
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chloride. The latter is condensed and treated further. Thisg
process labors under the same disadvantage as Longmaid’s with
regard to copper in the residues.

Among the various processes just enumerated, those which are
most advantageous in economical respects, and which are best
suited to the local circumstances of Canadu, are evidently those in
which few or no extrancous substaness are required to render the
copper soluble, and in which the acid necessary to form the solu-
ble sult of copper is derived from the oxidation of elements pre-
sent in the ore itself. At first sight the simplest and possibly
wost efficient means of rendering the copper soluble would appear
to be that of metely caleining the sulphuret ores and lixiviating
theproduct. Almostall such ores,whether containing copper glance,
purple copper, or copper pyrites, certainly yield by such treat-
ment more or less of their copper in a soluble state; but the amount
of the metal so yielded in proportion to the guantity contained in
the ore, is invariably very small indeed. Kven with ores which
contain a very considerable excess of sulphur, the caleination must
be very carefully conducted if the extraction is at all to approach
completeness. In the first stage of caleination sulphurous acid is
given off; in the second sulphate of jron is formed; during the
third stage it is necessary to heat the charge rather strongly in
order to decompose the sulphate of iron, and transfer its sulphurie
acid to the oxide of copper. In so doing there is a2 danger of too
much heat being applied, and even of the sulphate of copper
being decomposed. It is therefore extremely difficult to regulate
this process, and the disadvantages of its being performed at too
low a temperature cousist not only in the extraction being imper-
fect, but also in the deposition of basic salts of iron while the cop-
per is being precipitated. In this way the latter becomes so con-
taminated that many specimens of copper produced by cementation
do not yield by assay over 60 per cent of the pure metal.

These disadvantages are to a very great estent removed by the
use of common salt. By its action thesulphate of iron first formed
is decomposed at a low temperature, and sulphate of soda and
chloride of iron produced. The latter seems to be easily decom-
posed, and its chlorine transferred, in part at least, to the copper.
On treating the caleined product with water, a solution is obtained
which is very pure, often containing werely a trace of iron, in
which case the deposition of basic iron salts beeomes impossible.
But although common salt may remedy the defects here indicated,
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it cannot make up for a deficiency of sulphur in the original ore;
and with or withdut common salt that ore will be treated with the
greatest advantage which contains the largest proportion of sul-
phur. In proof of this the two following experiments may be
cited :

1000 grains of slimes from the Bruce Mines, containing
5.20 per cent. of copper in the state of copper pyrites, but
no admixture of iron pyrites, were caleined with 100 grains
of common salt. Theresult yielded to water 13.7 grains of copper.
Hence only 37.9 per cent. of the copper was extracted.

500 grains of ore from Mscott, containing 10.4 per cent. of
copper and an admixture of iron pyrites, were caleined with 100
grains of salt. The product yiclded to water 40 grains of cop-
per.  Consequently 76.9 per cent. of the metal was removed.

In reflecting on the necessity of a sufficient supply of sulphur,
it occurred to me that any means which would facilitate the con-
version of the sulphur into sulphurie acid, instead of allowing it to
escape as sulphurous acid, would be of advantage if applied in such
calcining operations as those here referred to. Having in former
experiments* demonstrated that the addition of peroxide of iron
increased the amount of sulphurie acid fermed in such caleinations,
it occurred to me that it might be possible cven with an ore con-
taining no more sulphur, in proportion to the copper, than copper
pyrites, to convert so much of it into sulphuric acid, as would in
the presence of common salt develop sufficient chloride to render
the whole of the copper soluble. I accordingly calcined the follow-
ing materials together:

200 grains copper pyrites.
400 grains ferric oxide,
200 grains salt.

800 grains in all.
The copper pyrites, which was from Escott, contained 23.5 per
cent ;=47 grains of copper. The residne after caleination weighed
657 grains, and on analysis gave—

Insoluble iron oxide.. eeeeeevanens 67.9
Insoluble cupric oxide.... o veueens 2.2 = 1.8 copper.
Sulphate of soda...coe.ee RN . 101
Chloride of copper..cee veveneeccens 3.4 == 1.6 copper.

Chloride of sodium (by difference.)... 16.4

100.0

¢ Canadian Naturalist, vol. vii, p. 196.
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Trom this it appeared that in the residue there were present of
copper—

Jn an insoluble state.... 11.82 grs. == 25.15 per cent,
In a soluble state....... 10.561 4 = 122.36 ¢

22.33 grs,
Amount of copper lost.. 24.67 ¢ =52.49 &

47,00 grs.

The only way in which this extraordinary loss of 52.49 per cent.
can be accounted for, is by supposing it to have been volatilized;
and other circumstances confirm this view. The calcined sub-
stances contained 66.35 grains of sulphate of soda. Consequently
53.11 grains of common salt must have been decomposed, and
32.08 grains of chlorine liberated from it. Of this, 11.82 graing
are found in combination with the copper in a soluble state. The
remaining 20.26 grains were more than sufficient to form sub-chlo-
ride with the 24.67 grains of copper volatilized. The whole of the
32.08 grains of chlorine were not however sufficient to convert the
forty-seven grains of copper contained in the ore into soluble proto-
chloride.

From this experiment it became evident, 1st, that even with
the use of a large quantity of peroxide of iron, it is difficult to treat
copper pyrites so as to produce enough of sulphuric acid to render
all the copper soluble; and 2nd, the calcination must be per-
formed at as low a temperature as possible, in order to prevent the
volatilization of the copper. The experiment was therefore per-
formed a second time, care being taken to keep the temperature
low. The same materials, in the same proportions, were used, and
the product this time from the 800 grains weighed 792 grains,
and contained—

Iron oxide and other insoluble matter.. 66.00
Sulphate of s0da. e.vevaivnaeacasass 17.60

Chloride of COPPer.cecerseecnenseens 9.64 = 4.55 copper.
Chloride of sodium (by difference).... 6.76

100.00

Thirty-six grains of copper out of the original forty-seven were
this time removed in a soluble form; equalling seventy-six per cent,
instead of the twenty-two per cent, of' the former experiment. Fur.
ther, it appears that 139 grains of sulphate of soda were formed ;
and consequently 111 of chloride of sodium decomposed, and sixty-
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seven of chlorine liberated.  The latter quantity was sufficient to
convert fifty-nine graius of copper into proto-chloride. Tt becomes
therefore difficult to say why the whole copper contents, 47
grains, where not extracted. Since the temperature was kept very
moderate, the only other cause which may possibly have affected
the result unfavorably, was the continuing of the calcination
beyond the proper point, und the consequent decomposition of
proto-chloride into insoluble sub-chloride of copper.

In order to ascertain whether the copper unaccounted for in the
last experiment remained in the residue or was volatilized, the fol-
lowing experiment was made.

200 grains copper pyrites.
500 grains iron oxide.

200 grains salt.
—_

900 grains were mixed together.

r

The pyrites contained 23.6 per cent, equal to 47.2 grains
of copper. The mixture was calcined at a low temperature until
the evolution of sulphurous acid and then of ehlorine eceased.
The result weighed 911 grains, and contained—

Iron oxide and other insoluble matter.... 67.33
Cupric oxide...cevevveensaineaceean.  L8T =1.5 copper.
Sulphate of soda.......covu.e cesesensss 12,6

Chloride of copper....vvviieievanse.. 8.14 = 3.8 copper.
Chloride of sodium (by difference) ...... 10.06

100 00

It is evident from this that seventy-three per cent of the copper
contained in the original ore was rendered soluble, and that twenty-
seven per cent was left in the residue insoluble, but whether in
the state of sub-chloride or oxide I did not ascertain. If we cal-
culate from the amount of sulphate of soda formed in this experi-
ment, it would appear that but a very little more chlorine was de-
veloped than was necessary to take up the whole of the copper as
proto-chloride, so that it is most reasonable to suppose that the
copper which remained insoluble was in the state of oxide, and
had never had an opportunity of uniting with chlorine. The result
of the experiment as to the volatilization of the copper was decisive,
inasmuch as the whole of the copper was found in the product;
therefore none could have been sublimed. The experiment also
indicated that in order to a perfect extraction, an excess of chlorine
must be presented to the copper.
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It will be recollected that the experiments just deseribed were
made with an ore poor in sulphur; containing no more of
that clement in proportion to the copper than is contained
in copper pyrites. The results not proving satisfactory, I pro-
ceeded to experiment upon ores containing more sulphur, taking
care always to keep the temperature very low, and to interrupt the
calcination so soon as the developement of sulphurous acid had
ceased, and while that of chlorine and other gases was going on.
The following are some of these experiments, with their results:

500 grains ore from Escott, containing 104 per cent copper
(and both iron pyrites and copper pyrites), were caleined with 500
grains of iron oxide and 200 grains of salt. The produet weighed
1184 grains, and gave with water a solution from which iron pre-
cipitated 49+6 grains of copper. Since fifty-two grains were present
in the ore operated on, it is evident that 94:2 per cent of the
copper was removed in a soluble form.

500 grains ore from Escott, containing 4'5 per eent of copper,
and a considerable amount of iron pyrites, were caleined with 100
grains of iron oxide and 100 grains of salt. The result weighed
618 grains, and when heated with water yielded a solution contain-
ing 22-2 grains copper. 22-5 grains were presentin the original ore;
hence 977 per cent of the copper was dissolved.

300 grains of the same Kscott ore, with 45 per cent of
copper, 300 grains of ore from Bruce Mines containing 87 per
cent of copper (and no iron pyrites), 300 grains of iron oxide, and
300 grains of salt, were caleined until chlorine was strongly de-
veloped. The result treated with water gave a green solution con-
taining thirty-six grains of copper. Since the ore used in this
experiment contained 39+6 grains copper, 90'9 per cent of the metal
was removed in a soluble state.

300 grains of Bruce Mine ore of 87 per cent, 200 grains of
iron pyrites from Broekville, 300 grains of iron oxide, and 200
grains of salt were caleined in the manner above mentioned. The
product gave with water 2 solution containing 27-1 grains copper.
The ore contained only 26'1 grains, and the excess may have been
derived from the iron pyrites. In this case, therefore, the whole
of the copper of the ore was dissolved.

The same mixture as the preceding, calcined for a longer time,
yielded only 14-5 grains of copper in a soluble state,

400 grains of Bruce Mine slimes of 51 per cent, 400 grains of
iron oxide, 100 grains of pyrites from Brockville, and 100 grains

Vou. II. i3 No, 8.
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of salt yielded, on calcination, a product from which water dis-
solved 186 grains of copper. The ore contained 204 grains;
hence 91-1 per cent of the copper were dissolved.

200 grains of Bseott copper pyrites of 23-6 per cent, 100 grains
of iron pyrites, 800 grains of iron oxide, and 200 grains of salt were
caleined together. The product weighed 1349 grains, from which
water dissolved 46-6 grains of copper. Consequently ninety-cight
per cent of the copper contents of the ore were rendered soluble.

In order to prove that the iron oxide is essential to producing
thiz favorable result, the last experiment was repeated, the iron
oxide being excluded from the mixture. On calcining and lixiviat-
ing, only 33-4 grains of copper were dissolved; thatis, seventy per
cent only instead of ninety-cight per cent.

The foregoing experiments were performed on plates of fire-clay
in the mufile of a cupelling furnace. The iron oxide wsed was pre-
pared by caleining iron pyrites with salt, and then lixiviating and
drying. The following trials were made in 2 manner approsima-
ting mere to the method that would necessarily be adopted in
carrying out the process on a large scale. The mistures were
merely stirred on an iron plate lying upon two ignited billets of
wood in a common stove. And further it will be seen that the
oxide of iron necessary in the process was obtained from the ore
esperimented on.  This ore was from the Capel Mine near Lennos-
ville, and hed the following chemical composition :

Copper cvveeinenns Seesorrceceascnnnnas “aveee . 860
8 O 30-31
Sulphur (by difference).ceeviieiveeiieievananes . 3434
Silica and argillaccousmatter.....ovvvee e ins, 2675

100-00

These figures correspond to the following mineralogical compo-
&ition:

COPPCr PIFLICS v vvnsenrrenasonsassonanessansan 24-72
Iron pyrites..... tesereanes Pereeeeretasrenans . 49°79
Quartz, &c..-. ... Geessaccerirtieasannnse vreenes 26475

10126

It may be said that in round numbers this ore consisted of one
half iron pyrites, one fourth copper pyrites, and one fourth rock.
The first calcinations made with it were principally for the purpose
of obtaining the necessary iron oxide. Nevertheless, the quantity
of copper extracted was at the same time determined.
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10,000 grains of the ore were first caleined with 2,000 grains of
salt, and without oxide of iron. The result weighed 10,860 grains.
Water, extracted from it 0-8 per cent of copper, and diluted
sulphurie acid dissolved further a quantity of floceulent matter con-
taining 1-8 per cent. Of the 860 grains copper contained in the
-or.ginal ore there were therefore,

Dissolved by water.«.......... 86-88 grains = 10 per cent.

Dissolved by dilute acid........ 195:48 ¢«  « 23 «
Left in the residue. ceveeeewes 57764 ¢« ¢ g8 «

860-00

The product of the foregoing experiment after lisiviation and
drying assayed G'4 per cent. copper. A sccond caleination was
performed with it and other substances having copper contents, as
follows :

400 grains lixiviated product of above experi-

ment containing 6-4 per cento.aieeaean. =256 grains copper.
2000 grains fresh ore of8-6 per cent...... e =172 «
1200 grains salteccovnariinencnionsiiianens
7200 grains mixture Witheeoveeeseoeovenanes . 428 grains copper.

After being calcined in the usual manner the whole weighed
7850 grains, and contained four per cent of copper soluble in water
slightly acidulated with sulphuric acid, and 1-11 per cent of
copper insoluble therein. Of the 428 grains there were therefore,

Dissolved .ceevavenns Ceeegeneraeas veas..+s 314 grains.
Left insoluble......c.oucee. e isestsenisas 87 «
Unaccounied foreeeeos.. TN LY

428 grains,

Thus 73'3 per cent of the original copper contents were obtained
in a soluble form.

The product of the foregoing experiment was, as in the first case,
lixiviated and dried. It then contained 1% per cent of copper,
and was caleined a third time, with fresh ore and salt in the fol-
lowing proportions :

4800 grains residue with 13 per cent....= 640 grains copper.

2400 grains fresh ore of 8-6 per cent.es. == 204-5. ¢
1440 grains common Salt.csecseerecses

— B

8640 graing, containingeseeecvsessaeess 2704 grains copper.
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This mixture was treated in the usual manner. The product
weighed 8900 grains, and contained
Soluble..eeseaeiaassese 2:77 per cent, = 246 grains copper.

Insoluble.ceeiviueeaans. 25 « 22.2 t <«
Unaccounted for.eeveevivereneienian, .. 13 t ¢

——

270. 4 “ «

Thus 914 per cent of the copper contained in the ore originally
used was recovered in a soluble form.

The residue from the experiment last deseribed, after thorough
lixiviation and drying, contained 0-44 per cent copper. Now
very fow of the slags from, copper furnaces contain less than this
per centage, and the refuse products of ordinary ore in dressing-
operations seldom assay less than 1+5 per cent. In having produced
therefore a residue cont‘nmnv as low a percentage as the above, it
may be assumed that a point was raised where its copper contents

might be disregarded. This residue consists, however, almost
exclusively of iron oxide and the earthy matrix of the ore, and by
virtue of the former is of value for mixing with fresh ore to pro-
duce the oxidation of the sulphur, and the conscquent estraction
of the copper contained therein. In order to test its usefulness in
this respeet a fourth caleination was made, with the following

mixture :
2000 grains residue of 0.44 per cent = 8'8 grains copper.
1000 ¢ fresh ore of 86 e =86 i
600 ‘¢ salte.ee.o....

3600 94-8 grains copper.
The product weighed 3710 grains, and contained as follows :

Iron oxide and inscluble matter........ 72-13
Cupric oxide insoluble in water and di-

lute sulphuric acid... .c.ovevee.. <27 ==0.22 copper.
Cupric oxide soluble in dilute sulphuric
ACId veeerevereneintnanraaianns . -13=011

Sulphate of soda...co.eieaiiicavirea s 19-22 = 4-33 sulphur.
Chloride of copper......coevvevevaeee 4-7 =222 copper.
Perchloride of iron...... T A2 ¥]

Chloride of sodium, by difference...... 213

100.00

Of the 94-8 grains copper contained in the original ore, there
were consequently

Dissolved by water...... 82-36 grams
Dissolved by dilute acid.. 4-08

Left in residuc.ccvcees.. 8:16 ¢
Unaccounted for .vevove. =20 &

——

94-80

86-88 per cent.
4-3 «
8. 6 143
t22 @

muan
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If however we neglect the 8:8 grains copper contained in the
residue used, which it is perfectly reasonable to do, then 95-7 per
cent. of the copper in the ore is dissolved in water alone, and
the whole of it on the additional use of a slight quantity of dilute
sulphuric acid.  One of the most striking facts deducible from the
results of this experiment is that 46:64 per cent of the sulphur con-
tained in the original ore was converted into sulphuric acid, and
then into sulphate of soda. The amount of chlorine liberated by the
formation of such a large quantity of this salt, must have been
greatly in excess of what was necessary to render the copper soluble.

On account of this latter circumstance I attempted to reduce
the quantity of salt used, and made four caleinations in the propor-
tions of two parts of residue, one part of fresh ore, and one fourth
of a part of salt. The ingredients, used with their copper contents,
were as follows.

1. 2. 3 & 4.
GRS, GRS, GRS,
Residue...... 2000 with 8'8 Cu 1500 with 66 Cu 2000 with 20 Cu
Fresh ore.....1000 ¢ 86:0 ¢ 730 « g45 € 1000 ¢ 8G «
Salt........ ve 250 @ 175 « 250 «

——

—— e ——

3250 with 94-8 Cu 2425 with71-1 Cu 3250 with 106 Cu

The products of these four experiments contained of copper
respectively:

1. 2. 3. 4,
GRS. GRS. GRS, GRS.
Soluble in water.eeeeeee.. 59-11 40-5 6222 6600
Soluble in dilute SO;...... 14-69 7-3 3-60 1000
InSOluble . uve iannnnnnns §°1-oo 73 18:18 17-21
Unaccounted for......... a § 16-0 22-00 1279
94-8 -1 106-00 106-00

These results were by no means encouraging, yet the quantity
of salt was quite sufficient for chloridizing the copper. One fact
must however be mentioned with regard to these trials; they
were very diligently stirred during the caleination.

No other resource was left but to return to esperimenting with
a larger quantity of salt. Accordingly the following ingredients
were mixed and calcined :

2950 graing residue of 1+0 per cent. — 295 grains copper.
1500 ¢ fresh ore of 8'6 ¢ = 1290
T50 ¥ galbiceeieniiincnnenanan

—

5200 grains containing...... «..... 1585 grains copper.
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They gave a product weighing 5270 grains, and containing
2:33 per cent Cu soluble in water = 122-72
022 & in dilute acid = 1159
033 & insoluble = 1716
Unaccounted for = 696

158.50
Neither was this result extremely satisfactory.  This mixture
also was stirred diligently during the operation.
In order to ascertain whether the stirring exercised any injurious
effect upon the completeness of the extraction, the following mix-
ture was caleined :

2000 grains residue of 1-1 per cent = 22 grains copper.
1000 ‘¢ fresh ore of 8'6 “ =86 e
500 ¢ salti...oee...

3500 grains containing............ 108 grains copper.
The operation was performed with as little stirring as possible,.
and the result weighed 3800 grains, containing

2:55 per cent soluble in water = 96-90 grains copper.
22« “ in dilute acid = 8:36 “
22« left insoluble = 418 “

109-44

It will be seen that this caleination was eminently suceessful,
and that all the copper contained in the fresh ore was extracted.
It was therefore very evident that diligent stirring was injurious.

Encouraged by this result I repeated the caleination with the
smaller quantity of salt which Thad previously used; the mixture
being left almost wholly undisturbed during the operation. The
ingredients were

2000 grains residue of 1-1 per cent = 22

1000 ¢ fresh ore of 86 “ =86
250 ¢ saltec..oeeass

3250 grains with.....e ... 00000 .. 108 grains copper.

They gave on calcination a preduct of 3405 grains, containing
277 per cent, equal to 94:31 grains copper soluble in water; a
vesult conclusively establishing that the more undisturbed the
materials are during calcination, the more complete is the ex-
traction.

The foregoing esperiment was performed with one fourth part
of salt to one of fresh ore.  The result having been satisfactory,
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the following mixture containing only one fifth part of salt was
caleined :

2000 grains residue of 1'1 per cent = 22 grains copper.

,1000 ¢ fresh ore of 86 & =86 £«
200 ¢ saltieeo... aes
3200 grains containing....ve.. ...108 grains copper.

This experiment was made with the same care as the others,
and with as little stirving as possible.  The result weighed 8250
graing, and contained

233 per cent. soluble in water = 767 grains copper.
44 * in dilute acid = 14-3 i
Unaccounted for =170 «
108-0

Since therefore only 71 per cent of the copper was extracted, it
follows that one fourth of salt is the minimum quantity which can
be used, and at the same time a complete extraction accomplished.

I here closed this series of experiments, having obtained all the
definite results sought for, It appears certain that 95 per cent of
the copper contained in an ore such as that produced by the Capel .
mine can be extracted in the humid way by calcining it with
twice its weight of impure iron oxide (perhaps less would be suffi-
cient), and one fourth of its weight of salt; provided alwaysthat the
operation is performed at a very low temperature, that it is not
continued beyond a certain point, and that while it is going on the
materials ave stirred as little as possible.  Whether equally good
results can be obtained in practically applying this process, is a
matter which can only be decided by experience ; but there ap-
pears to be no reason for doubting that it would be completely
suceessful on the large scale.
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REVIEW.

GEOLOGY OF NEW BRUNSWICK.®

It would appear from these reports that two surveys of the
Province of New Brunswick proceeded simultancously, in the
summer of 1864; the one under Prof. Bailey being limited
to Southern New Brunswick, the other, under Prof. Hind,
embracing a general reconnoissance of the whole Provinee. It
results from this that some of the same subjeets are discussed in
both reports, which must have occasioned some loss of time to the
observer, as it does to the reader. On the other hand the people
of New Brunswick have an opportunity of comparing the work of
their own geologists, Bailey, Matthew, and Hartt, with that of a
naturalist of some experience and of large and varied information.

Without any invidious comparison, we may say that Prof.
Bailey’s Report is distinguished for clearness, systematic arrange-
ment, and carcful attention to details; and that its execution must
have involved a large amount of laborious field-work. Prcf. Hind’s
15 more discursive and popular in style, and in a less amount of
local facts brings to bear a great mass of varied information
derived from many sources.

Passing by facts relating to economie geology, of which many
of great importance to New Brunswick are contained in these
reports, we may notice some points of interest in scientific
Geology.

Prof, Hind thus describes the occurrence of the ‘¢ Quebec
Group” of rocks in New Brunswick :—

¢ The supposed northern boundary of this formation within the
limits of the Province, commences near the Medisco River on the
Bay de Chaleur. The strike of the rocks would carry them to
Ramsay’s Brook on the Upsalquiteh, and thence towards the head-
waters of the Tobique to the north of Nictau Lake.

« A few miles from the mouth of the Tobigue there are a series

¢ 1. Observations on the Geology of Southern New Brunswick, made
principally by Professor D. W. Bailey, Messrs. George I'. Matthew:
and C. F. Hartt; prepared and arranged, with a Geologioal map,

by L. W. Bailey, A.M., &c., &c. Pp. 158.
2. A Preliminary Report on the Geology of New Brunswick, together
with a special Report on the Distribution of the Quebec Group in
the Provinee ; by Henry Youle Hind, M.A., F.R.G.S., &c. Pp. 293.
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of silicious slates which appear to underlie unconformably a series
of Upper Silurian argilites, green, red, and blue-black, and hold-
ing Favosites Gothlandica. The strike of these silicious slates
would carry them to the north of Nictau Lake, and this line pro-
longed in 2 southwesterly divection is supposed to form a rude but
continuous curve, which may provisionally represent the northern
boundary of the Quebee Group, which has been brought to the
surface simultaneously with the granite axis of Devonian age
deseribed in Chapter IT.

¢ The continuation of this boundary takes a southerly course and
is supposed to cross the Shiktehawk about 3% miles from its mouth,
where a conglomerate oceurs, deseribed in Chapter VI. It crosses
the Saint John below Presquile, and taking a southwesterly course
it enters the State of Maine near the forks of the Meduxnekeag,
pursuing its course towards the Atlantic Ocean on the north flank
of the granitic axis, where it is represented on Mr. C. H. Hitch-
cock’s Map of Maine as a belt of mica schist. On the south-east
side of this axis the Quebee Group is again brought to the surface,
its castern boundary being in great measure covered up by the
Bonaventure formation or base of the carboniferous series, which
in many places reposes upon it horizontally or nearly so.  Until
further investigations establish the contrary, all the sedimentary
rocks, with the exception of the carboniferous, north of the granitic
axis, which comesin from the State of Maine at Saint Stephens,
and proceeds in an casterly divection through Queen’s County to
and beyond the Saint' John, may be considered as belonging to this
group, although it is not improbable that there is a narrow belt of
middle silurian rocks, on the north-east flank of the carboniferous
series a few miles due west of Fredericton. The rocks on the north
side of this last-named axis, deseribed by Iitchcock as mica
schist, in its prolongation through Maine to the Atlantic Ocean,
most probably belong to the Quebee Group.

“ The breadth of this group of rocks measured at right angles
to the strike within the limits of the boundaries just deseribed, will
be approximately as follows, after deducting the granite axis:

1. Tive miles from Bathurst, ... cens eeer 20 miles.
2. From Ramsay’s Brook, southeasterly, .... ver 36 %
3. From near the Nictau “o. veee 44
4. From the Tobique, “o .. 43 ¢

5. From the Maduxnekeag, “ .... ... 38 «
6. On the New Brunswxch and Canada R. R,, .... 25 «
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¢ It has been already stated that this granite axis (Chap. II) is
really composed of numerous narrow belts, wnich come up between
the schists of the Quvcebee Group, also that it has a much more
northerly cxtension than represented by Dr. Gesner. On the
South-west Miramichi, there areno less than ten distinetly parallel
granite belts, with belts of slate and schist between them. Itis
clear that this arrangement of the granite and slates may exercise
a very important influence upon the rocks now under review, as it
not only extends the area over which they may be found, but the
metamorphic action exhibited by the granite may have cffected a
material change in the composition and erystalline arrangement of
some of the strata.” ‘

DEVONIAN INSECTS.

A very striking new fact in Prof. Bailey's Report is the dis-
covery of inscets in the Devonian of St. Johns by Mr. Hartt,—
the first instance on record of insects so old. These remains are
thus deseribed by Mr. Scudder in a letter to Mr. Hartt:—

Boston Society of Nutural History,
January 11, 1865.

“My DeaAr Mg, Harrr,—I have made as cavefal an examina-
ation as my present circumstances wiil permit, of your most inter-
esting collection of the fossil remain of insect-wings from Lancaster.
There are ten specimens in all, cight of which are reverses of one
another, thus reducing the number to six individuals; of these,
one, a mere fragment, belongs, I think, to the same species as
another, of which the most important parts of the wing are pre-
served, so that we have five species represented among these Devo-
nian Inscets, and these remains are all; I suspeet, composed of por-
tions of the anterior wing alone. The data being thus fragmentary,
the conclusions cannot be quite so satisfactorily determined as we
could wish, but we can still discover enough to prove that they are
of unwonted interest. Besides the peculiar interest which attaches
to them as the earliest known traces of tnsect life on the globe,
there is very much in themselves to attract and merit our closest
attention.

“One of them is a gigantic representative of the family of Ephe-
mering among Neuroptera, some three or four times the size of
the largest species now living, with which I am acquainted.

¢ Another borrows some striking pointsof the peculiar wing-strue-
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ture of the Neuropterous family Odonate, and combine with them
those of families remote from that, and even belonging to a dis-
tinet section of the Neuroptera, exhibiting to our view a synthetic:
type which combines in one the Pseudoneuroptera and the Neu-
roptera, and represents o family distinet from any hitherto known,

“Qther fossil inseets, found in carboniferous coneretions in Ili-
nois and deseribed in Silliman's Journal (N. S. xxxvii, 84), which
Professor Dana has kindly allowed me to examine,™ also belong to
hitherto unrecognized families, exhibiting similar relations to these
in-our-day-disconnccted Sections of Neuropterous insects; and your
third species is a member of still another family of Neuroptera,
which finds its natural relations between the two deseribed by
Professor Dana.

“ A fourth, of which only an important fragment was found,
would seem to belong to the Neuroptera, but by some peculiarities
of the minuter cross-veins, thrown off in the middle of the outer
edge of the wing, in a most irvegular and unusual manner, sug-
gests no intimate relations with any known family, but must have
belonged to 2 group of large and weak-winged insects.

“The fifth and last to be mentioned is of very striking interest,
because, while it exhibits the peculiar venation which forms the well-
known tympanum or stridulating apparatus of the male, in the
Orthopterous Locustariae (though differing somewhat from that),
it also most resembles the Neuroptera in all or nearly all the other:
peculiarities of its structure, and suggests the presence in the in-
sect-faunze of those ancient times of a synthetic type, which united
the characteristics of the Orthoptera and Neuroptera, in themselves
closely aliied ; this point, however, requires patient and severe inves-
tigation, and only my earliest impressions are here recorded, made,
however, immediately after a close examination into the relations
of other fossil insects.

“T earnestly hope that this locality, from which these remains
were disinterred, may receive a most careful and thorough exami-
nation by yourself, who have already shown so much diligence and
careful serutiny in the discovery of such important and easily over-
looked remains. Hitherto, the study of fossil insects has been:
mainly confined to those of much more recent date, and has re-
sulted in shedding comparatively little light upon geological and
palecontological questions; but these few remains, coupled with the-
pair of insects found in Illinois, induce us ardently to anticipate
that the fature study of fossil insects, drawn from such aucient.
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strata as these, may lead to as brilliant and important results, in
the elucidation of géological problems still open, in widening the
range of our paleontological horizon, and in our general knowledge
of the history of Life on our globe in all its bearings, as have been
reached by the study of the remains of animals of a more substan-
tial structure, but which have hitherto been denied to the student
«of fossil Entomology.”

The following, from Prof. Hind's Report, on glacial striation in
New Brunswick, is also of interest, even to those who prefer ice-
bergs to glaciers as a means of cffecting such striation.

ACTION OF GLACIAL ICE.

“ Whenever the loose covering of clay and sand is swept off the
-solid rock throughout the whole extent of this Provinee, glacial
striee are visible; in other words, the rocks are seen to be polished,
striated and sometimes deeply grooved. These striations are obser-
ved at all altitudes, but they have been obliterated over wide areas
by atmospheric influcuces. During the past summer I saw them
on the summit of Blue Mountain, 1650 feet above the sea. There
small surfaces of a very hard metamorphised conglomerate are
beautifully polished and striated. They abound throughout the
slate region of the Province, the slate recciving with ease and re-
taining with much persistency the markings produced by the
slowly moving giacial mass.

¢ The general direction of these strice is N, 10° W.; but there
are often two sets to be scen, differing in direction by two or three
degrees.  The best place within afew miles of Fredericton for
examining these strioce under very singular circumstances, is in
Prince William Parish, at and near the antimony mines. On the
road to the mines leading from the main post road the stria are
beautifully retained on the polished surface of a hard silicious
slate. The country in that vicinity has been ground away and
removed by ice to a vertical depth of some hundred feet, as has,
indeed, a considerable portion of| if not the whole, of the Province.

“In Prince William, however, an observer can not only see the
¢ tracks’ of the glacial mass graven on the rocks, but he can also
see the work it has accomplished in excavating Lake George. He
<an trace the course of the glaciers far beyond Lake George (442
foet above tide) and Bear Lake ; sce it in imagination sweeping
past the edge of the Plateau of the Carboniferous series, which &
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has worn away to an csearpment west of Oromocto Lake, and asa
glacial stream passing down the valley of the Magaguadavic to the
sea.

“ The western cxtremity of the Coal Measures holds up Lake
Oromocto. It has been denuded away by lateral glacial action to-
wards the west, until we have the remarkable spectacle presented
of a bold esearpment facing the west, holding up a Lake containing
10,000 acres, and 115 feet above the valley it everlooks. Lake
Oromocto is 370 feet above the sea, the scarpment which overlooks
the Magaguadavic is 394 feet, and the river itself flowing at the
base of the escarpment is 256 fect above the same level.”

GENERAL DIRECTION OF THE ICE-FLOW IN NEW BRUNSWICK.

The polishing of some of the harder rocks is extremely beauti-
ful, and shows that the action of the icc slowly moving over it
must have continued for an exceedingly long period of time. Itis
not to be supposed that the ice had uniformly one direction : on the
contrary, its direction may have varied through an entire quadrant
under different conditions. When we look at glacial strise we see
only the last record of the moving mass, the last impression of its
presence; but in what direction it moved, or with what effect at
any period before the graving of its last striations, we can only
conjecture.

An inspection of the preceding table, although it is very imper-
feet, will show that the direction of the moving mass of ice was
. generally nearly due north and south. As the glaciers approached
the sea they accommodated themselves to the sinuosities of the
valleys through which they made their escape, and produced stria-
tions in different divections. At a greater clevation and more in-
land, what were on the sea-shore mere ice-streams, would be in the
interior a uniform or broad glacial mass. Suppose for instance
that a mass of ice several hundred feet thiek, like that which now
covers in part the surface of Greenland,* once extended over the

* & To have a correct idea of the glacier accumulation in Greenland,
we must imagine a narrow continent of ice flanked on its seaward sides
by a number of Islands, and in every other direction lost to vision in one
continuous and boundless plain, Through the spaces between these ap-
parent Islands, the enormous glacial accumulations lowly seek their
passage to the sea, and send off an annual tribute to encumber, to cool,
and to dilute the waters of the adjoining ocean. The average height or
depth of the ice atits free edge in these intervals or valleys between the
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cntire surface and flanks of the granitic highland range to the north

and northeast of the Saint John.

During its slow movement tow-

IN ToE FOLLOWING TABLE ARE,GIVEN THE DIRECTION AND LOCALITY OF
SOME OF THESE;GLACIAL STRIE.

Table showing the Direction of Glucial Strie in New Brunswick.*

No.

|

QL Th D WS =

2%

Height above

Kind of Rock. Locality. the Sea. Direction.
" Grey Grists, Fredericton, About 350 feet,| N. 100 W,
Silicious Slate, | Prince William, “ 40) “ |N.andS.
Grey Grits, Four,miles on Mira-
michi Road, ; N. 10° W.
« “ Hanwell Road,t 400 ¢ IN.10° W,
oo Maryland Road, 400 ¢4 N, 10° W,
@ 14 o« “ 400 % [N, 100 V.
Red Sandstone, woou 400 ¢ |N.10°W.
Greenstone, Gagetown Road, N.and S.
Conglomerate, Near mouth of Kes-
wick, N. N. W.
Reddish Conglo-
merate, Near Gagetown, N.22¢ W.
Conglomerate, | Oromocto Lake “ 3% * IN.N. W,
« Harvey Settlement, N. and S.
Red Sandstone, |9 miles south of
Saint Andrews, w80 4 |W.by W.
Chamcook Lake
Shore, N.N. W,
On high land near
St. Andrews. N. by W.
Trap, L’Etang, N. 45° W,
“ Magaguadavie Falls] “ 100 ¢ [N.W.
Granite, East of Musquash
Valley, N.20° E.
Slates, Near Penitentiary,
Saint John, N. 30° E.
Syenite, South Bay, N 250 E.
“ Mouth of Nerepis, N.W.
“ Oxbow of N.N. W.
Grey Grits, 01d Woodstock
Road, N. 100 W.
Slates, Spring Hill, N.10° W,
Purple Sand-
stones, Gonish Road, N. 100 W.
Metamorphosed
Conglomerate, | Blue Mountain, “ 1650 ¢ |N.and S.
Grits, Opposite Frederic-
ton, “ 350 ¢« |N.10° W.

-projecting points of coast is 1200 or 1500 feet, of which about one cighth

or 150 feet will be above the water.

In some of the valleys, however,

the depth is upwards of 2400 feet. These phenomena can be seen at the
* Some of these observations were recorded by the late Dr. Robb.
t Between Fredericton and Haniwell, very numerous and uniformly,
N. 10° W.
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ards the sea it would not only bring with it the materials it tore off
the rocks over which it was passing, but it would also score and
polish the rocks themselves, At that period the valley of the Saing,
John was probably, but not necessarily, filled with drift. The gla-
clal mass passed over it towards the sea, scratching and polishing
the rocks during its slow but irresistible journey. Approaching the
sea it would probably split into tongues, chiefly on account of its
moving cccentrically, and thus covering a larger arca owing to
the figure of the carth; and by rcason of climate these tongues
would reach the sea as ice rivers, in process of time excavating for
themselves deeper channels, which ultimately became ‘¢ Fiords’
or deep bays where the glaciers ¢ calved,’ to use the term com-
monly employed in Greenland, and gave off their icebergs.  An
inland glacier having, as it were, once cstablished itself in any
determinate geographical position, would, in process of time, assis-
ted by its own glacial river, wear out a lake-basin

Prof. Bailey and Mr., Matthew have worked out with much
labor and success the complicated geology of the rocks in the vicinity
of St. John, and have ascertained the fact that these inelude repre-
sentatives of the Lowest Silurian beds, and probably of the Lau-
rentian and Huronian. We shall give in our next number their
aceount of the oldest faura found in that neighborhood.

MISCELLANEQUS,

—

A NEW AMERICAN SILKWORM.—After numerous experiments,
Mr. L. Trouvelot, of Medford, Mass., U.S., has suceeeded in rearing
successfully, and in great numbers, Attacus Polyphemus, Linn., and
in preparing from its cocoon an excellent quality of silk, possessing

present day in Baffin’s Bay and Davis’ Straits.” ¢ As we advance north-
wards along the coast of west Greenland, and thus diminish the annual
mean temperature both of the sea an. of the atmosphere, we find the
glacier appoaches nearer and nearer the coast line, until in Melville Bay,
latitude 75°, it presents to the sea one continuous wall of ice, unbroken
by land, for a space of probably seventy or eighty miles.—Dr. Suther-
land, on the Geological and Glacial Phenomena of the Coasts of Davis’
Straits and Baffin's Bay.—Proceedings of the Geological Society,1853.

* See Professor Ramsay’s paper ¢ On the Glacial Origin of Lakes” .—
Journal of the Geological Society, August, 1862. '
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great lustre and strength, and pronounced superior to Japanese and
all other silks, except the best Chinese, by competent judges.

The silk is unwound by a simple process perfeeted by Mr. Trou-
velot, each cocoon yielding about 1500 yards. This inseet is very
hardy, being fuund throughout the Northern States and Canada;
and, as it feeds upon the leaves of oak, maple, willow, and other
common forest trees, may be reared easily in any part of the coun-
try.

Mr. Trouvelot has gradually increased his stock from year to
year, by raising young frum the eggs of the few individuals first
captured, until he has at present seven waggon-loads of cocoons, the
entire progeny of which lie proposes to raise during the coming
season.

The thanks of the country are due to the ingeunious and perse-
vering author of this successful attempt to introduce a new and
interesting field for industry and enterprise, which cannot fail to
be a souree of profit to these who intelligently engage in it, and of
inereased wealth and prosperity to the people, should it be devel-
oped to the extent that now scems possible.

The first public notice of his experiments with this insect was
given by Mr. Trc -clot at a mecting of the Institute of Techno-
logy, at Boston, abvut a year ago, when he eshibited specimens of
silk wanufuctured from it, both natural-colored and dyed.—
4. BV in Silliman’s Journal.

Borasicar Nores.—dspidivm fragrans Swartz. Qur corre-
spondent, Dr. Thumas, has had the good fortune to find this rare
fern at Riviere-du-Loup (en bas) ; its only other Canadian loca-
lity certainly known to me is ““ Bast shore of Lake Superior in
rocky open woods,” where it was found by Mr. Barnston in 1859.
Asplenium viride ITudson, has also been found by Dr. Thomas ag
the sume place; the provincial range of this fern would thus
appear to be from Canada East and New Brunswick (Alr
Matthew) to Newfoundland,

Qur correspondent, Mr. Macoun, has found Myosurus minimus
Linn., near Belleville—-a very interesting discovery : he also an-
nounces Lotwmnogeton abrutus Wood, and Curdamine hirsuta var,
Tirginica as natives of that neighborhood. W.

Published, Montreal, June 16, 1865.



