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than to the time when a solid rind had already formed on ‘the
earth and was already covered with an-ecean. This record of
geology covers but a small part~of the history of the earth and
of the system to whieh it belongs, nor does it enter at all into the
more recondité problems involved ; still it forms, I believe, some
neeessary preparation at least to the comprehension of these.
What do we know of the oldest and most primitive rocks? At
this moment the question may be answered in many and discor-
dant ways; yet the leading elements of the answer may be given
very simply. The oldest rock formation known to geologists is
the Lower Laurentian, the fundamental gneiss, the Lewisian for-
mation of Scotland, the Ottawa gneiss of Canada. This forma-
tion, of enormous thickness, corresponds to what the older geolo-
gists called the fundamental granite, a name not to be scouted, for
gneiss is only a stratified granite. Perhaps the main fact in re-
lation to this old rock is that it is a gneiss, that is, a rock at once
bedded and erystalline, and having for its dominant ingredient the
mineral orthoclase, a compound of silica, alumina and potash, in
which are embedded, as in a paste, grains and crystals of quartz and
hornblende. We know very well from its texture and composi-
tion that it cannot be a product of mere heat, and being a bedded
rock we infer that it was laid down layer by layer in the manner of
aqueous deposits. On the other hand, its chemical eomposition is
quite different from that of the muds, sands and gravels usually
deposited from water. Their special characters are caused by the
fact that they have resulted from the slow decay of rocks like
these gneisses, under the operation of carbonic acid and water, where-
by the alkaline matter and the more soluble part of the silica have
been washed away, leaving a residue mainly silicious and alumi-
nous. Such more modern rocks tell of dry land subjected to
atmospheric decay and rain-wash. If they have any direct relation
to the old gneisses they are their grandchildren, not their parents.
On the contrary, the oldest gneisses show no pebbles or sand
or limestone — nothing to indicate that there was then any land
undergoing atmospheric waste, or shores with sand and gravel.
For all that we know to the contrary, these old gneisses may have
been deposited in a shoreless sea, holding in solution or suspen-
sion merely what it could derive from a submerged crust recently
cooled from a state of fusion, still thin, and exuding here and there
through its fissures heated waters and volcanic products. :
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It is scarcely necessary to say that I have no confidence in the
supposition of unlike composition of the earth’s mass on different
sides on which Dana has partly based his theory of the origin of
continents.” The most probable conception seems to be that of
Lyell, namely, a molten mass, uniform except in so far as denser
material might exist toward its centre, and a crust at first approx-
imately even and homogeneous, and subsequently thrown into
great bendings upward and downward. This question has recently
been ably discussed by Mr. Crosby in the London Geological
Magazine.l :

In short, the fundamental gneiss of the Lower Laurentian may
have been the first rock ever formed ; and in any case it is a rock
formed under conditions which have not since recurred except
locally. It constitutes the first and best example of these chemi-
co-physical, aqueous or aqueo-igneous rocks, so characteristic of
the earliest period of the earth’s history. Viewed in this way
the Lower Laurentian gneiss is probably the oldest kind of rock
we shall ever know — the limit to our backward progress, beyond
which there remains nothing to the geologist except physical hy-
potheses respecting a cooling incandescent globe. For the chem-
ical conditions of these primitive rocks, and what is known as to
their probable origin, I must refer you to my friend Dr. Sterry
Hunt, to whom we owe so much of what is known of the older
crystalline rocks? as well as of their literature, and the questions
which they raise. My purpose here is to sketch the remarkable
difference which we meet as we ascend into the Middle and
Upper Laurentian. :

In the next succeeding formation, the true Lower Laurentian
of Logan, the Grenville series of Canada, we meet with a great and
significant change. It is true we have still a predominance of
gneisses which may have been formed in the same manner with
those below them ; but we find these now associated with great
beds of limestone and dolomite, which must have been formed by
the separation of calcium and magnesium carbonates from the sea
waler, either by chemical precipitation or by the agency of living
beings. We have also quartzite, quartzose gneisses, and even
pebble beds, which inform us of sand banks and shores. Nay,
more, we have beds containing graphite which must be the residue
of plants, and iron ores which tell of the deoxidation of iron

1June, 1883. 2 Hunt, Essays on Chemical Geology.
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oxide by organic matters. In short, here we have evidence of
new factors in world-building, of land and ocean, of atmospheric
decay of rocks, of deoxidizing processes carried on by vegetable
life on the land and in the waters, of limestone-building in the sea.
To afford material for such rocks, the old Ottawa gneiss must have
been lifted up into continents and mountain masses. Under the
slow but sure action of the carbonic dioxide dissolved in rain-
water, its felspar had crumbled down ‘in the course of ages.
Its potash, soda, lime, magnesia and part of its silica had been
washed into the sea, there to enter into new combinations and to
form new deposits. The crumbling residue of fine clay and sand
had been also washed down into the borders of the ocean, and had
been there deposited in beds3. Thus the earth had entered into a
new phase, which continues onward through the geological ages ;
and I place in your hands one key for unlocking the mystery of
the world whenI affirm that this great change took place, this new
era was inaugurated in the midst of the Laurentian period.

Was not this time a fit period for the first appearance of life?
Should we notexpect it to appear, independently of the evidence we
have of the fact? I do notpropose to enter here into thatevidence,
more especially in the case of the one well characterized Lauren-
tian fossil, Eozoon Canadense. I have already amply illustrated
it elsewhere. I would merely say here that we should bear in mind
that in this later half of the Lower Laurentian, or if we so choose
to style it, Middle Laurentian period, we have the conditions re-
quired for life in the sea and on the land; and since in other
periods we know that life was always present when its conditions
were present, it is not unreasonable to look for the first traces of
life in this formation, in which we find for the first time the com-
pletion of those physical arrangements which make life, in such
forms of it as exist on our planet, possible.

This is also a proper place to say something of the doctrine of
what is termed metamorphism. The Laurentian rocks are undoubt-
edly greatly changed from their original state, more especially
in the matters of crystallization and the formation of dissemi-
nated minerals, by the action of heat and heated water. Sand-
stoneshave thus passed into quartzites, clays into slates and schists,
limestones into marbles. So far, metamorphism is not a doubtful

3 Dr. Hunt has now in preparation for the press an important paper on this subject,
Tead before the National Academy of Sciences.
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question ; but when theories of metamorphism go so far as to sup-
bose an actual change of one element for another, they go beyond
the bounds of chemical credibility ; yetsuch theories of metamorphism
are often boldly advanced and made the basis of important concly-
sions. Dr. Hunt has happily given the name « metasomatosis” to
this imaginary and impossible kind of metamorphism, which may
be regarded as an extreme kind of evolution, akin to some of those
forms of that theory employed with reference to life, but more
easily detected and exposed. I would have it to be understood
that, in speaking of the metamorphism of the older crystalline
rocks, it is not to this metasomatosis that I refer, and that I hold
that rocks which have been produced out of the materials decom-
posed by atmospheric erosion can never by any process of meta-
morphism be restored to the precise condition of the Laurentian
rocks. Thus there is in the older formations a genealogy of rocks,
which, in the absence of fossils, may be used with some confidence,
‘but which does not apply to the more modern deposits. Stil]
nothing in geology absolutely perishes, or is altogether discon-
tinued ; and it is probable that, down to the present day, the causes
which produced the old Laurentian gneiss may still operate in
limited localities. Then, however, they were general not excep-
tional. It is further to be observed that the term gneiss is some-
times of wide and even loose application. Beside the typical or-
thoclase and hornblendic gneiss of the Laurentian, there are
micaceous, quartzose, garnetiferous and many other kinds of
gneiss ; and even gneissose rocks, which hold labradorite or anor-
thite instead of orthoclase, are sometimes, though not accu-
rately, included in the term,

The Grenville series, or Middle Laurentian is succeeded by what
Logan in Canada called the Upper Laurentian, and which other
geologists have called the Norite or Norian series. Here we still
have our old friends the gneisses, but somewhat peculiar in type,
and associated with them are great beds, rich in lime-felspar, the
so-called labradorite and anorthite rocks. The precise origin of
these is uncertain, but this much seems clear, namely, that they
originated in circumstances in which the great limestones depos-
ited in the Lower or Middle Laurentian were beginning to be
employed in the manufacture, probab] ¥ by aqueo-igneous agencies,
of lime-felspars. This broves the Norian rocks to be much
younger than the Laurentian, and that, as Logan supposed, con-



siderable earth movements had occurred between the two, imply-
ing lapse of time.

Next we have the Huronian of Logan, a series much less crys-
talline and more fragmentary, and affording more evidence of land
elevation and atmospheric and aqueous erosion than any of the
others. Ithas great conglomerates, some of them made up of rounded
pebbles of Laurentian rocks, and others of quartz pebbles, which
must have been the remains of rocks subjected to very perfect ero-
sion. The pure quartz-rocks tell the same tale, while limestones
and slates speak also of chemical separation of the materials of
older rocks. The Huronian evidently tells of movements in the
previous Laurentian, and changes in its texture so great, that the
former may be regarded as a comparatively modern rock, though
vastly older than any part of the Palxozoic series.

Still later than the Huronian, is the great Micaceous series,
called by Hunt the Mont Alban or White mountain group, and
the Taconian or Lower Taconic of Emmons, which recalls in some
measure the conditions of the Huronian. The precise relations
of these to the later formations and to certain doubtful deposits
around Lake Superior, can scarcely be said to be settled, though
it would seem that they are all older than the fossiliferous Cam-
brian rocks, which practically constitute the base of the Palzozoic.
I have, I may say, satisfied myself, in regions which I have
studied, of the existence and order of these rocks as successive for-
mations, though I would not dogmatize as to the precise relations
of those last mentioned, or as to the precise age of some dis-
puted formations which may either be of the age of the older
Eozoic formations or may be peculiar kinds of Palseozoic rocks
modified by metamorphism. Probably neither of the extreme
views now agitoted is absolutely correct.
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