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Before the astronomical study of them was commenced 
a very few years ago, if we accepted the available records 
the cromlechs were all directed helter-skelter their 
sight-lines were without any meaning, and no' astro
nomical or practical use was served by them, except, 
perhaps, as tombs. A comparatively few observations 
have sufficed to show the absurd inaccuracy of these 
views; for full light we may be content to wait for the 
authoritative inquiries now happily commenced. That 
our knowledge will be largely increased in many 
directions there is no room to doubt. 

NORMAN LocKYER. 

when there is no recession of the notch; the edge of 
t?e Falls thus becomes straighter, and then the forma
tion of the horse-shoe curve begins again. By the 
double process 7i acres of the river bed above the 
Falls have been removed since 1842. 

The precise measurements of the recession of the 
Falls. in recent Jears have been accompanied by in
creasmg recogmtwn of the extreme complexity of the 
problem. The existing river system connected with 
the Great Lakes necessarily dates from the close of 
the Glacial period in that area; for it was not until 
the ice had disappeared that rivers could be formed, 
and many of them had their sources in the extensive 
glacial lakes along the receding ice-front. The course 

NIAGARA AS A GEOLOGICAL CHRONOMETER. of these rivers altered as the lake levels were lowered 

T HE use of Niagara as a geological chronometer and also in consequence of earth-movements, possibly 
dates from the visit there of Lyell in 1835. He due to the removal of the ice-load. 

recognised that the Falls must date from the close of When the waters of Niagat a first fell from the 
the Glacial period, and that the Niagara gorge must plateau into the· basin of Lake Ontario they had a 
have been excavated since the retreat of the glaciers fall of only 35 feet, for the lake then stood at the level 
from the Great Lakes. The necessary assumptions of some of its uppermost beaches, and the river dis
as to uniformity of rate and condition being granted, charged directly into the lake. The power of the 
he held that the length of the gorge divided by the Falls was then comparatively small, for they had only 
amount which the Falls recede up-stream annually 20 per cent. of their present height, and only 15 per 
would give the length of post-Glacial times for the cent. of the present volume. For the Niagara River 
Niagara district in years. He realised the uncertainty Jed. only by the overflow from a com para
of some of the data, but estimated that the age of the dtmmuttve lake in the lowest depression on the 
Falls is about 35,ooo years. The problem, however, is plams now covered by Lake Erie. The drainage from 
not to be solved by simple rule of three, for the data 0reat instea.d of passing through Lake 
are complex, and there are many variable factors. Ene mto the Ntagara Rtver, was collected into Lake 
Lyell himself used one of the unknown elements to ex- Huron, and was discharged through the gap contain
plain the formation of the Niagara Whirlpool. He ing L:ake Nipissing to the valley of the Ottawa River. 
rightly attributed it to the existence of a channel filled Thts arrangement was disturbed by the subsidence 
with drifts, which are now worn away more quickly by of the country to the north-east of Lake Ontario 
the river than the rocks of the old river banks; and if whereby the level of that lake was lowered, and 
part of the existing gorge had been formed by the outlet from Lake Huron to the Ottawa River closed. 
re-excavation of a channel filled with drift, the process A fresh channel was opened from the southern end 
would have been much quicker than if the Falls had of Lake Huron through a valley now filled up with 
to cut their way for the whole distance through the drift into Lake Ontario. Further movements led to 
hard Niagara limestone. Lyell's estimate has there- the closing of this outlet, and the waters of Lake 
fore been greatly reduced by some later geologists, Huron flooded the valleys of the southern tributaries 
and Dr. G. K. Gilbert has allowed the Niagara Falls and the area that is now Lake St. Clair. The level 
a life of only some 7000 years, with a possibility of of the lake rose until it found an outlet at the head of 
even considerablv less. the Detroit River into Lake Erie, and thus at length 

The last contribution to the Niagara question is a Niagara received the overflow from the Great Lakes. 
monograph by Dr. J. W. W. Spencer, published by the A further complication is introduced by the fact that 
Canadian Geological Survey.' It makes two impor- for one period the Great Lakes had an escape south
tant additions to the known facts. A series of borings Lake .Michigan, near Chicago, into the 
has been made to determine the course of the former Mtsstsstppt; but thts outlet appears to have existed for 
river channel which is exposed at the Niagara Whirl- a comparatively short time. 
pool, and the Niagara River below the Falls has been The value of Niagara as a geological clock is there
carefully sounded. The soundings have proved the fore open to grave suspicion, for the erosive power 
existence of a basin 192 feet deep immediately below of the Falls must have varied enormously, both with 
the Falls; the river then shallows, until at the Canti- varying resistance .of the rocks and v;ith the vary
lever Bridge the depth is only 86 feet. The basin is mg volume of the Ntagara River and height of tts 
due to the filling up of the channel by material that Falls. Nevertheless, Dr. Spencer is delightfully con
has fallen in from the sides of the gorge after the fident of the exact accuracy of his conclusions. " The 
Falls have passed up-stream, a fact proved by work work of the Falls of Niagara along its whole course 
undertaken in connection with the foundations of the has now been made known," and the author claims 
bridge. that his work has brought the dates of the various 

Dr. Spencer, in addition to these important con- geographical episodes at Niagara out of the realm of 
tributions to the facts, has carefully re-discussed the speculation. He rejects the shorter estimates of the 
evi?ence and shown how complicated the problem is, length of the Niagara Falls, and somewhat exceeds 
owmg to the numerous post-Glacial changes in the the result adopted by Lyell, for he assigns them an 
physical geography of the Niagara area during the age of 39,000 years. He also claims to have deter
lifetime of the Falls. According to his calculations, in years the date of the chief episodes in the 
the Falls have receded up-stream at a mean rate of 4.2 hfe-htstory of the Falls. According to Dr. Spencer, 
feet per annum, during the sixty-three years between the overflow from Lake Michigan to the Mississippi 
1842 and 1905. The rate of retreat is not uniform, for occurred from 2000 to 250o years ago; the Falls 
the process consists in the cutting of a V-shaped were at .the Whirlpool 3000 years ago, and the capture 
groove, which is gradually widened during a period of the dtscharge from the Great Lakes bv the Niagara 

" . . . . River happened 1"0o vears ago. 
1 The Falls of Nmgara: their Evolution and Varying Relations to the Th f t ·G L k " · 

Great Lakes; CharacteristicsofthePowerandthe EffectsofitsDiversion." e U ure 0 e reat a .,..es and of lS 
(Ottawa: Geol Survey of Canada, 1907.) Pp. xxxi+49o; plates and mnps. j threatened by two dangers. The diversion of water 
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by the electric power companies has already reduced 
their beauty, and if the existing projects are carried 
into effect the American Fall will be reduced to a 
few threads of water and the Canadian Fall rendered 
comparatively insignificant. The second danger is the 
possible tilting of the area of the Great Lakes, which 
would, at the rate of movement estimated by Dr. 
G. K. Gilbert, bring Niagara to a close in about 3500 
or sooo years. This theory is of great interest, as it 
has been generally advanced as the best established 
case of a still progressing uplift of a large area of the 
earth's crust. Dr. Spencer, however, rejects this con
clusion, and though he lays great stress on recent 
earth-movements in the region to the north-east of 
the Great Lakes, he claims that the lake region itself 
has been quite stable, and that no earth-movements 
are now taking place there. The facts advanced to 
prove the supposed uplift he holds can be explained by 
seasonal and meteorological changes. 

PREGLACIAL RIVERS 
OF THE 

LAKE BASINS 

By J.W$pencer additions P.Max.Fosn"Y 

matter which are ejected from radio"active matter at 
a speed of about 1o,ooo miles per second. The great 
number of a particles which are projected from 
radium is well illustrated by the multitude of scintilla" 
tions observed when the a particles from a trace of 
radium fall on a screen of zinc sulphide. We shall 
see later that 136 million a particles are expelled 
every second from one milligram of radium in radio
active equilibrium. From the point of view of modern 
theory, the appearance of an a particle is the sign 
of a violent atomic explosion in which a fragment 
of the atom-an a particle-is ejectsJ at a high speed. 
In the majority of the known active substances, the 
expulsion of an a particle accompanies the transforma
tion of one substance into another, and the decrease 
of atomic mass consequent upon the loss of an a 
particle at once offers a reasonable explanation of the 
appearance of an entirely new kind of matter in 
place of the old. 
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Map of the Pre·Glacial Valleys of the Great Lake Region 

The Geological Survey of Canada is to be con
gratulated on this interesting, well illustrated., and 
important memoir. Its value renders all the more 
regrettable the inclusion of a series of personal 
charges against one of the most respected of American 
geologists, which are quite out of place in an official 
publication. J. W. GREGORY. 

THE NATURE AND CHARGE OF THE a PAR
TICLES FROM RADIO-ACTIVE SUBSTANCES. 

THE development of our knowledge of radio-activity 
has emphasised the primaiCy importance of the 

a particles, which are projected in great numbers 
from most of the active substances. As Rutherford 
showed in 1903, the a particles are verital:ile atoms of 
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Space does not allow us here to discuss the very 
interesting facts that have been brought to light by 
the work of Bragg and Kleeman and others in 
regard to the character of the absorption of the a 
particle by matter. It suffices to say that it has been 
found that the a particles from one kind of active 
matter are all projected initially at an identical speed, 
but that this initial velocity varies within comparatively 
narrow limits for different kinds of matter. The a par
ticle, in consequence of its great energy of motion, 
plunges through the molecules of matter in its path, 
leaving in its train a large number of dissociated 
or ionised molecules. Some important questions at 
once arose when it was found that the a particle was 
an atom of matter of mass comparable with the 
hydrogen atom, viz., Are the a particles expelled 
from different kinds of matter identical in constitu-
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