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are impressive, guarding their secret in the 
solitary places of the earth, their past known 
only to the hills, memorials of a t ime to which 
no one can pu t a date, of a religion of which 
no one knows the creed, of lawgivers whose 
code is forgotten, of a race which we cannot 
even identify." 

There was read by Mr James Grant, solicitor, 
Banff, the following paper by Mr J . Buie, 
London, on 

RADIO-ACTIVITY. 

According t o the views at present held gener-
ally among scientists, the discovery of radio-
activity has not only introduced us t o a new 
world of science, but a t the same time has 
threatened to revolutionise t he old. Did space 
permit we might quote t he views of various 
scientists as to the possible extent of the re-
volution this new discovery may bring about. 
Meantime an extract from a paper on the sub-
ject by one of the most prominent investigators 
on radio-activity—Frederick Soddy—will suffice 
to give a fair illustration of the opinions a t 
present generally entertained in the scientific 
world. In a recent communication to "Nature , " 
he writes:— 

" I t (radio-activity) manifests itself without 
affecting or being affected by the ordinary 
chemical or physical nature of the matter in 
question, and therefore belongs to the domain 
neither of physics' nor of chemistry. . . . A 
new world is thus opened out, in which the 
atom is not the unit, in which common physical 
conceptions have no meaning. . . . Pushing 
the matter back to its utmost limits we are 
face t o face with the question : how and when 
did the universe originate. According to 
orthodox notions it is tending to a state of 
exhaustion, in which all change must cease. If 
however, a constructive influence is at work 
opposing this process, the whole system may 
prove to be a conservative one, limited with 
respect neither to the future, nor the pas t ; but 
proceeding through continuous cycles of 
evolution." Ban
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The above extract will be sufficient to give 
some idea of the present state of mind and 
uncertainty in the scientific world. The views 
enunciated practically contemplate the possi-
bility that the conceptions hitherto held with 
regard to matter and the world, and the teach-
ing of science in the past with regard to the 
same, may have to come up for fundamental 
revision. 

As we proceed the various questions at issue 
will come under our notice. Before proceeding 
to deal more direotly with the subject of radio-
activity, we may at the outset give a brief 
description of the cathode and X rays, not 
only on account of the analogy between the 
two classes of rays, but also on account of the 
help the latter will afford in enabling us the 
better to understand some of the peculiarities 
of radio-activity. 

When a discharge from an induction coil is 
passed through a sufficiently exhausted Crookes 
or Lenard tube, covered with black paper, a 
stream of rays issues from the cathode, which 
in consequence are known as the cathode rays. 
These rays consist of material particles of al-
most infinitesimal magnitude. Though the 
hydrogen atom is the lightest atom known, and 
so minute that, placed side by side in a line 
about fifty million of them would be required 
to measure an inch in length; yet from 700 to 
1000 of the cathode ray particles would be re-
quired to be equal in mass to one hydrogen 
atom. When we remember that with the most 
powerful microscope made it is just possible to 
discern a speck equal to the hundredth-
thousand part of an inch, but impossible to 
make out any detail in this speck, or even a 
clear outline of it, we obtain some idea of the 
infinitesimal magnitude of the component 
particles of these rays, and of the hopelessness 
of ever being able to discern either atoms or 
corpuscles. These units which carry a negative 
charge of electricity, and travel at an immense 
velocity, on impinging against the wall of the 
glass tube are able to penetrate and to set up 
a luminous glow in i t ; and in doing so give 
rise to secondary rays possessing quite a diffe-
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rent character, known as t he S or Rontgen 
rays. These rays possess great penetrative 
powers, being able to pass through a consider-
able thickness of wood or glass, and also through 
some of the metals. They can pass, for in-
stance, through a plate of lead nearly half-an-
inch thick. I t is on account of their capacity 
t o pass through the- .human body tha t skiagraphs 
of the same can be obtained, the more dense 
parts of which (such as t he bones, which offer 
a greater resistance to the passage of the rays), 
being thus shown distinctly. While the ordinary 
rays of light can be reflected f rom a polished 
plate, or refracted and polarised in passing 
through lenses and prisms, the X rays cannot 
be affected in any such way ; they pursue an 
undeviated path through lenses or prisms, and 
only in a very powerful magnetic field can they 
be slightly deviated. By Rontgen they were 
supposed to be longitudinal rays in the e the r ; 
but it is now known that they are transverse 
ether waves. 

Consequent upon the discovery of the X 
rays, several scientists set themselves to investi-
gate whether any of the natural substances 
might be capable of giving out radiations under 
induced influence, such as those of light. Soon 
after Niewengloski discovered that calcium sul-
phate was capable of emitting radiations when 
exposed to sunlight. About the same time 
Becquerel, directing his attention to such 
minerals as were known to become phosphor-
escent under the action of sunlight, fortunately 
selected for experiment a mineral which led to 
important consequences. The mineral which 
he selected to experiment with was the double 
salt of uranium and potassium sulphate. H e 
carried out his experiment in the following 
manner. A sensitised plate was enveloped in 
black paper to protect it from the action of 
sunlight. Upon this envelope a crystal of the 
above salt was placed, and exposed to sunlight. 
After sufficient exposure, an impression or 
silhouette of the crystal was obtained on the 
developed plate. On one occasion when he was 
about to repeat the experiment, the sun became 
obscured ; and the plate and envelope with the 
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crystal left lying on it were laid aside in a 
drawer. One or two days after, on developing 
this plate, without expecting much result, a 
distinct impression, of the crystal was found to 
have been made on the plate. I t was found 
tha t the sun was not requi red ; that- the crystal 
was self radio-active. This was the discovery 
which laid the foundation of the new science 
of radio-activity, destined to play so important 
a pa r t in the scientific world of to-day. As might 
have been anticipated, the discovery awakened 
widespread in teres t ; and in a short time ap-
parent ly not a single element or mineral known 
to exist, whether in the solid, liquid, or gaseous 
state escaped at tention in the search for new 
radio-active substances. I t was found to exist 
in some of the most unlikely directions; not 
only was i t found in the atmosphere, but also 
in certain springs, such as those at B a t h ; in 
oil wells, and even in some clays and mud, such 
as t he fango a t Battaglia a small watering-
place in Nor th I t a l y ; while the earth, especi-
ally the deeper we descend, appears to be a 
general reservoir of radio-activity. 

Wi th the exception of the earth, however, it 
has t o be noted, tha t in the above-mentioned 
instances the radio-activity displayed must be 
regarded as only secondary, or derivative, 
having been evidently obtained f rom radio-
active emanations exhaled or brought by the water 
of springs or gases from the interior of the earth. 
Wi th regard to the air, for instance, it is quite 
certain tha t it obtains its radio-activity f rom 
emanations chiefly drawn up during summer, the 
lightning and thunder of tha t season being partly 
a consequence. As far as yet discovered, the 
primary sources of radio-activity are quite 
limited in number, being confined to a few of the 
rare metals, with the oxides, salts, and mineral-
ogical compounds into which they enter. They are 
the metals uranium, thorium, yttrium, cerium, 
titanium, together with the bromides and 
chlorides of these metals, and such minerals as 
uranini te or pitchblende, into which a very large 
number of other metals usually enter. 

As a uranium salt was first in the field, so 
ever since uranium and its salts, oxides, and com-
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pounds, and especially the mineral uraninite (a) 
have occupied the first place as sources of radio-
activity. The mineral pitchblende is found t o 
be generally several t imes more radio-active 
than the metal uranium itself. Struck with 
this peculiarity, Mme. Curie inferred that pro-
bably pitchblende contained some specially 
active constituent. To assist them in carrying-

out their investigations the Austrian Govern-
ment sent to M. and Mme. Curie a ton of t he 
residues of pitchblende and uranium minerals 
f rom the Ioachimsthal mines in Bohemia, the 
rough treatment of the mineral having first been 
carried out at the works; and soon af ter t h e 
Central Chemical Society of Paris sent them 
another ton. On account of the complex 
character of the minerals and the exceeding 
minute quantity of radio - active substance, 
amounting to only a few decigrams in a ton of 
pitchblende, the separation of the lat ter was of 
a very laborious character, involving repeated 
chemical processes, precipitations, and fractiona-
tions. The first concentration obtained was 
named polonium, after Mme. Sklowdoski Curie 's 
native land. Though on account of the small 
quantity obtained it has not been possible to make 
exhaustive tests, or to effect a complete separa-
tion, polonium is for practical purposes 
identical with bismuth, plus the radio-active 
property which in its case appears t o be a se-
condary or induced one from its oontact with 
uranium in the pitchblende. I t has been found to 
emit only one class of rays, the alpha rays, and 
its radio-activity appears to endure only f rom 
12 to 18 months. Marckwold also obtained from 
pitchblende polonium, which it is claimed is 
of a more enduring character. Debierne, also 
separated from pitchblende, a radio-active con-
stituent which he named actinium, the radiation 
f rom which exhibited greater activity and en-
durance than those of polonium. I t evidently 
bears the same relation to thorium that polo-

(a) Pitchblende is a double oxide or urani te 
of uranyl, containing about 80 per cent, of 
uranium. The pitchblende generally contains 
thorium of yttrium, with lead, &c. I t is infusible 
before the blowpipe. 
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nium does to bismuth. Again from the same 
mine of radio-activity, Giesel seperated a radio-
active substance identified with cerium. Even 
a radio-active sulphate of lead was obtained 
from pitchblende. The next radio-active sub-
stance separated from pitchblende by the Curies 
in conjunction with M. Bemont was designated 
radium on account of its intense radiations. 
Though regarded by M. Curie as an elementary 
substance, and still apparently regarded as such 
by some scientists, radium, whether separated 
as a bromide, chloride, or nitrate, behaves in 
all respeots, under chemical or physical tests, 
as a salt of barium, plus the radio-active pro-
perty ; and there is no more reason for 
doubting that it is a salt of barium than 
there would be for calling in question 
any ordinary well-established chemical deduction. 
There is more ground for questioning whether 
radium should be considered as a primary ori-
ginator of radio-activity, or as a salt which has 
been rendered radio-active by induced action, 
or by means of derivative radio-activity, in 
either case simply on account of its having been 
a constituent of radio-active pitchblende. In 
its behaviour there is a good deal to lead to 
the conclusion that it is a primary radio-activity 
producer, but on the other hand the following 
evidence is against such a conclusion. If we 
take the elements which go to constitute any 
of the radio-active uranium salts, such as autu-
nite, carnotite, or chalcolite, and unite them 
chemically, we may obtain a radio-active resultant, 
though as existing separately none of the single 
elements were radio-active. On the other hand 
if we take the constituents of which radium is 
composed and unite them in the same manner, 
the resulting compound is not radio-active. We 
should consequently conclude that radium is 
only a secondary radio-active substance, which 
has acquired its power of giving out radiations 
from having been in contact with a urano 

mineral. 
At first the period for which radium was sup-

posed to be radio-actively good was set down 
at upwards of a million years. This period has 
been gradually reduced till at the present time 
it has reached the more modest figure of about 
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1300 years, during which space its radio-ac-
tivity, i t is supposed, will be reduced by one-
half ; but the to ta l period before i t is reckoned 
it will have become entirely extinct is still esti-
mted at 50,000 years. I t is not quite impro-
bable that these estimates will have t o be still 
farther modified. Again, it is credited with, 
being about a million t imes as intensely radio-
active as uranum, but unfortunately no conclusive 
evidence for this estimate can be furnished. 
Of course the activity of radium varies widely 
in different specimens, but we shall not be fa r 
f rom the mark if we take ordinary radium as 
being about a thousand times more active than 
a fairly good specimen of uraninite. Against 
this the radio-activity of uraninite or of uran ium 
must be reckoned at least as several thousand 
times more enduring than tha t of radium. The 
actual length of time for which the radio-ac-
tivity of uranum is capable of lasting is a t pre-
sent set down at about a thousand million 
years ; and quite possibly i t may be so. I n any 
case, in the following data we have 
demonstrative evidence with regard to t he 
length of time, taken as a minimum, during 
which the radio-activity of uraninite' or of 
uranium is capable of lasting. The igneous 
rocks of Cornwall, which are the original source 
of the uraninite found there, belong to a period 
not later than the early pa r t of t he Silurian 
epoch; and the metalliferous veins in which this 
uraninite occurs in a more massive condition, 
and which have been formed by the action of 
superheated fluorine, and other vapours per-
colating through the igneous rocks, will not, as 
regards geological reckoning, belong to a much 
later date. Consequently, t he length of t ime 
tha t has elapsed since the production of the 
latest formed uraninite must amount to between 
fifty and a hundred million years. The radio-
activity of the active constituents would com-
mence immediately after the solidification of the 
rocks and veins; so that the radio-activity has 
been going on continuously during the whole 
period that has since elapsed. On the other 
hand there are no grounds, for doubting tha t 
the radio-activity of uraninite may not go on 
for an equal or greater length of t ime to come. 
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So that from this evidence we may infer that 
the radio-activity of uraninite or of uranium is 
capable of going on continuously without ex-
haustion for a period between one and two 
hundred million years, on a minimum estimate, 
and it may be for a considerable multiple of 
the above figures. So that even the estimate 
of a thousand million years, referred to above, 
may not go beyond the mark. 

We may next notice some of the phenomena 
observable in connection with radio-activity. 
The radiations are divided into three classes, the 
alpha, beta, and gamma rays. As the cathode and 
X rays, which in part correspond with those we 
are to examine, have been already noticed, we 
shall be as brief as possible, omitting a consider-
able number of details and distinctions usually 
insisted on as existing between the radiations 
of different substances. Like the cathode rays, 
the alpha rays consist of a current of material 
particles, only they are about a thousand times 
larger than the former, and are consequently 
comparable with the hydrogen, a tom; and instead 
of being negatively electrified, they are power-
fully charged with positive electricity. They are 
estimated to travel at a velocity of 2 x 109 cms, 
per sec., or about 20,000 times the velocity of 
the rifle bullet; a velocity implying a difference 
in potentiality amounting to over five million 
volts, supposing the particles to start from a 
state of rest. More careful measurements, how-
ever, may require that this estimate, with re-
gard to the velocity, should be materially 
reduced. Though capable of ionising air 
through which they pass, they possess but little 
penetrating power, being absorbed by a fairly 
thick sheet of paper, or even in passing through 
a few centimetres of air. 

Perhaps the most interesting feature in connec-
tion with the gamma rays is the effect they pro-
duce on fluorescent substances such as wilemite 
(a silicate of zinc), kunzite (a. variety of spodu-
mene), or on hexagonal zinc blende, or on plati-
nocyandi-berrium. For the purpose of studying 
this effect an instrument known as the spin-
tharoscope' has been devised by Sir W. Crookes. 
This instrument consists of a tube with a mag-
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nifying lens in one end, and, inside, is fitted a 
fine rod, t he end of which has been dipped in 
a solution containing any of the salts of radium : 
the quantity of radium salt on the end of t he 
rod may in some cases not exceed a mil l igram: 
near the end of the rod is fitted a small screen, 
coated with one of the above fluorescent sub-
stances, but Sidot's hexagonal blende is gener-
ally used, fluorescence being very easily excited 
in this mineral, even by such slight effects as 
drawing the point of a pin over it. On looking 
through the lens in a darkened room, when the 
rod contains a sufficient amount of good radium 
salt, a brilliant effect is seen, like an incessant 
shower of tiny scintillating stars bombarding the 
plate. The scintillations, however, though pro-
duced by impact of the alpha patricles on the 
plate, are not given out by the alpha particles being 
raised to a white heat f rom the violence of the 
impact, but from the fluorescent coating of the 
screen. The following evidence will show t h a t 
this is so. Though the radium salt be cooled 
down to the temperature of liquid air, it makes 
no difference to the action, of the radium or 
the emission of the rays, and the scintillations 
go on as under ordinary circumstances ; but if. 
on the other hand, the plate with the fluor-
escent coating be cooled down to a correspond-

temperature, the effect ceases altogether, 
the blende under such conditions of temperature 
being unable to emit flashes of light under the 
impact of the alpha particles. 

As the next class of rays, the beta rays, are to 
all intents cathode rays, which have been al-
ready noticed, it will not be necessary to take 
up farther t ime with them at present. So like-
wise the third class, the gamma rays, being prac-
tically X rays, and produced in a similar 
manner, it will only be necessary to notice a 
few particulars with regard to them. Instead 
of being produced in consequence of external 
collision as in the case of the X rays, the gamma 
rays are produced, at least t o a large extent, 
by inter-collisions sustained by the alpha particles 
while inside the body of the radio-active material 
as they are being violently shot out. Compared 
with the cumbersome apparatus required for 
the production of the X rays, a small tube con-
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taining radio-active matter, which can be-
carried about in a vest pocket, presents marked 
facilities for application of the gamma rays in 
many cases where the use of the former would 
not be possible or very difficult.- Advantage 
has been taken of this circumstance in the ap-
plication of radio-active agency in medical cases 
where in some directions i t promises to be of 
considerable benefit, several cases of skin lupus 
having been reported as completely cured by 
this agency. They have also been applied for 
the cure of cancer. They require to be used 
with caution, as the gamma rays from an intense 
radio-active substance are capable of producing 
even through the clothe9 painful burns difficult 
to heal. In an experiment carried out by Lord 
Blythswood, with a rather intense specimen of 
radium, it was found that a piece of cambric 
outside the box containing the radium was 
burned in holes. "When a piece of moderately 
active radium salt is brought near the closed 
eye in a darkened room, a sensation of light is 
experienced, the gamma rays piercing through the 
eyelid and producing the sensation of light upon 
the retina. By this means even the blind can 
be made t o experience the sensation of l ight 
so be that the retina remains unimpaired ; and 
could the gamma rays be deflected, as in the case 
of light rays, it would be possible by suitable 
means to enable the blind to perceive silhouetted 
impressions of objects. 

Simultaneously with the emission of these 
radiations by a radio-active substance, certain 
other still less understood processes are taking 
place. In the case of uranium and thorium an 
alteration, product is formed in the body of the 
active substance, which has been provisionally 
designated uranium X and thorium X. I t is-
meanwhile regarded not as a chemical but an 
atomic alteration product. I t is supposed that 
f rom the uranium or thorium atom one of its 
heavier component units is first emitted, the 
result of which is to leave the uranium or 
thorium atom in a somewhat altered condition 
This process is supposed to go on till the uranium 
X or thorium X is reduced to the condition 
of a gas, in which state it is emitted from the 
radio-active body, the emanation being itself 
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in a radio-active state. But this does not com-
plete the process, after i t has been thus emitted 
as an emanation in a gaseous state, the gases 
which compose the emanation undergo also 
further change. The gas as found remaining 
in a closed tube in which radio-activity has been 
going on may, for instance, be ni t rogen; but 
after this gas has been allowed to stand for 
some time, the nitrogen may practically dis-
appear, and its place be taken by helium. 
Helium, i t is to be noted, is almost always to 
be found wherever radio-activity is taking place, 
as in the gases from the King's Well at Bath 
and in other cases. I t has in consequence been 
questioned whether, the alpha ray particles may 
not be helium' atoms, and whether the radio-
active processes really indicate the possibility of 
the transmutation of one form of matter into 
another. Whether, for instance, the transmu-
tation of lead into gold might be a possibility 
by the break up and alteration of the funda-
mental atom. The possibility of the transmu-
tation of matter was not unheard of before. 
In 1889 the late Professor Piazzi Smyth con-
tributed a communication to the Transactions 
of the British Association on the following case. 
Eleven years previously a glass tube containing 
iodine was hermetically sealed. The spectro-
scope showed a distinct spectrum of 148 
measured iodine lines, extending continuously 
from red to violet, with only a faint image of 
the three principal lines of hydrogen. In 1889 
this tube showed nothing of the once solid 
iodine, its original iodine spectrum being 
replaced by one consisting exclusively of the 
hydrogen lines. Of the original solid iodine 
the only positive trace was a yellow haze on 
the inside of the tube and a slight trace of dust. 
Professor, Ramsay endeavoured to explain this 
apparent transmutation of matter on the 
hypothesis that t he iodine had been transported 
by means of a cathode current set up. 

Radio-active phenomena which are meantime 
ascribed to a mysterious disintegration of the 
atom, may yet be explained in a similar 
manner ; though at the same t ime it has to be 
admitted that in connection with radio-activity 
some very peculiar and difficult to account for 
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phenomena are to be found. One of the most 
singular of these exhibited in the ease of radio-
activity is its apparent indifference to, or rather 
defiance of the laws of Nature to which in 
ail other cases physical and chemical processes 
are subject. This is well illustrated in its 
behaviour with regard to temperature. In the 
case of uranium, for instance, it makes no ap-
preciable difference to the action or intensity 
of its radio-activity whether its temperature be 
raised to 450 deg. centigrade, a temperature 
considerably above that at which many of the 
metals melt and far above that capable of 
destroying the magnetism of a steel magnet ; or 
whether the temperature be lowered to over 180 
deg. below zero, a degree of cold at which 
hydrogen becomes liquid. Though radium if 
heated in. the air cannot endure such a range 
of temperature without suffering, if heated in 
vacuo, even a hundred degrees of heat, make 
little difference to its activity. Moreover, even 
when it is heated to a degree resulting in the 
destruction of its properties, the radio-activity 
does not appear to be destroyed, but only trans-
ferred to the material in contact with the radium. 
Thus the temperature of a small quantity of 
radium chloride placed in a platinum ribbon 
was gradually raised until it reached 1600 deg. 
C., when the radium chloride was converted 
into a glass without evidence of radio-activity, 
but the platinum had become radio-active 
instead. 

From what has already been stated, it will 
be obvious that the amount of energy given 
out by radio-activity is enormous, being 
mass for mass a million times greater than 
anything with which we have hitherto been 
acquainted. Taking mass into consideration, 
the energy given out by a grain of intense 
radium has been estimated at 100 gram calories 
per hour, or equivalent to 4.2 x 1009 ergs., an 
amount sufficient to raise its own weight of 
water from the freezing to the boiling point. 
A few grams of fairly intense radio-active 
matter in- each cubic metre of the sun, it is 
thought, would be sufficient to account for the 
present condition of that luminary. Moreover, 
f rom the evidence furnished by radio-active 
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•emanations exhaled by gasses, o r carr ied u p in 
solution in the waters of deep-seated springs, 
i t has been infer red t h a t t he re m i g h t possibly 
be stored up in the interior of t he e a r t h suffi-
cient radio-active ma t t e r t o counterac t the pro-
cess of exhaustion going on, for hundreds o r for 
thousands of millions of years ye t t o c o m e ; 
while, accrding t o one hypothesis, supported 
by Lord Kelvin and others, t o which we shall 
immediately refer, the sources of energy of 

radio-active substances may be wholly inex-
haustible ; in which case no limit a t all can be 
set t o the age of the ear th ei ther as regards 
t he fu ture or the past. T h e opinion held by 
Lord Kelvin with regard to t he source of radio-
activity is as fol lows:—He holds i t as incon-
ceivable tha t t he source of t he ex t raord inary 
amount of energy given out by radio-active 
matter could possibly be inherent in such 
minute quant i t ies ; and tha t t he energy mus t 
be derived f rom some external source, conceiv-
ably f rom some kind of active waves in the 
ether. 

Sir W . Crookes holds somewhat similar 
views. On t he other hand, Sir Oliver Lodge 
thinks tha t the source of energy may be stored 
up in some form in t he radio-active mat te r 
itself. An I tal ian scientist, Pi l l ipo Re, has 
elaborated a theory to explain radio-activity 
that has received some attention. According t o 
this view atoms as existing in ordinary mat te r 
are supposed to be in a condition resembling an 
extinct sun ; to this condition they are supposed 
to have arrived from an original nebulous con-
dition, all mat te r being supposed t o have 
originally existed in this nebulous state. Dur-
ing the period the a toms of any substance exists 
in this condition, t ha t substance will exhibi t 
radio-activity; the radio-activity only ceasing 
when the uni ts of the atom have arr ived a t 
stable, or more properly, a t balanced conditions. 
For, according to the theory a t present gener-
ally held among scientists, the uni ts of t he 
atoms of no substance, whether radio-active or 
not, are supposed t o be rigid o r fixed, but con-
tinually in motion-, only in ordinary mat ter t h e 
motion is interbalanced between the units. On 
this theory, the radio-activity of a substance is 
due t o the circumstance tha t the action of the 
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uni ts of t he atoms of t ha t substance has no t 
y e t arrived a t a balanced or stable state. This 
theory, as is now generally held to be the case, 
among scientists, assumes the compound struc-
t u r e of t he atom, instead of the simple or finite 
s tructure as held by Dalton. 

I n consequences of investigations carried out 
by the writer, certain conclusions materially 
differ ing f rom any of the above were intended 
to have been submitted, but in consequence of 
uncer ta in ty on some points still remaining, i t 
has been deemed advisable to postpone such 
in the meantime. 

T H E S A N D - B A R R I E R L A K E S O F 
M O R A Y S H I R E . 

Dr Mackie Elgin, read the following paper 
on t h e Sand-Barrier Lakes of Morayshire : — 

Those of you who have gone by train to 
Lossiemouth will have observed that between 
the Loch of Spynie and t he sea the railway 
passes through a series of parallel r idges com-
posed of well-rounded pebbles, sand, and gravel. 
I t na tura l ly occurs t o the mind of the ordinary 
man—not a professed geologist—seeing this, 
t h a t " t h e sea has once been t h e r e " ; but the 
same observer may have a t the same time a 
very hazy not ion as to whether i t indicates any 
general change in the relative level of land and 
sea, while he probably altogether fails to asso-
ciate in any way with these gravel ridges the 
origin and existence of t he Loch of Spynie. I 
take the Loch of Spynie as the type of a series 
of lochs in the Nor th of Scotland which owe 
their origin to the format ion of sand or gravel 
barriers across the mouths of rivers—not because 
it is t he most typical of such lochs, but because 
i t is the one best known in this locality. 
Others will occur t o you, such as the Loch of 
Cotts Findhorn Bay, and Loch Strathbeg in 
Aberdeenshire. These represent various stages 
ill t h e development of such barrier lochs; but, 
as we shall presently see, there are numerous 
examples of this type of lake, drained and un-
drained, a t different levels, and for t h a t reason 
presumably of relatively different ages, scattered 
over this p a r t of Morayshire. 
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