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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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After detailing the process of formation of 
sand barriers by the help of sketches on the 
blackboard, the author went on t o elaborate the 
following propositions regarding t h e m : — 

1. They dam up the outflowing waters f rom 
the land-surface, and hence give rise t o tem-
porary and in some cases more or less per-
manent lakes. 

2. The outlet f rom the lake so formed is 
usually at the end of t he barrier fur thest f rom 
the side from which comes the current in t he 
sea, and with one exception this was a t the 
northern or western end of the barrier, the 
along-shore current in t he Moray F i r th being 
now, as well, apparently, as formerly, f rom east 
t o west. 

3. The long slope of these barrier ridges faces 
the sea, the short and steep slope faces the 
land and the contained lake, if there is one. 
The short slope in most of the gravel ridges of 
Morayshire, whether they now enclose lakes or 
not, faces inland. They may in par t e due t o 
subsequent denudation, but it is very suggestive 
tha t it should be so. 

4-. They have been formed at points where 
rivers or streams now enter or formerly entered 
the sea, t h e function of the river being mainly 
concerned with the supply of the debris, and 
the sea mainly with t he arranging of the debris 
so supplied. 

5. F rom the nature of the material of which 
they are composed they admit of f ree filtration 
of the water of the lake through them. When 
situated at some elevation they form very 
efficient filter-beds, and in such case might be 
utilised for this purpose in connection with 
local water supplies. Advantage has actually 
been taken of this natural peculiarity in one 
case. 

6. Such barrier ridges are presumptive evi-
dence of a rising land surface. A single barrier 
ridge would prove noth ing; but when we 
find a series of them, one behind another, and 
some of them even covered with wood, as is 
the case with the barriers of the Loch of Spynie, 
the evidence is conclusive of a general rise of 
the land surface. Presuming; them to be formed 
on a sinking shore, one will readily see tha t 
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they would soon be carried below the surface 
of the sea, and hence vanish from the field of 
observation. Of course, there are other evi-
dences of a local rise of the land surface, which 
need not here be detailed; but it is interesting 
to have this important fact corroborated by 
independent lines of evidence. 

Taking the Loch of Spynie in detail, we find 
that the point where the River Lossie breaks 
through the innermost barrier at Inchbroom is 
now 29 feet above datum level. If water stood 
at this level—and at one time it probably did 
stand at or about this level—the Loch of Spynie 
would have been a very much more extensive 
sheet of water than it is now; and there is 
historical as well as geological evidence that it 
was much more extensive. I n the record of a 
case, " where a protest was taken in the year 
1383 by the Lord Bishop Alexander Bar against 
the noble Lord John Dunbar, Earl of Moray, 
and the Burgesses of Elgin respecting the right 
of the fishing (in t he Loch of Spynie) and of 
the harbour," there is evidence that the River 
Lossie must have, then entered the loch, and 
also that the loch must have communicated by 
a navigable channel with the sea. Where was 
this channel ? I t could not very well have been 
along the present course of the Lossie. Was it 
in the line or nearly in the line of the present 
canal ? or was it from the west of Ardivot or 
between Salterhill and Westerfolds outwards to 
Stotfield Bay ? In the same protest there is a 
reference to the island, which the author of the 
"Survey of the Province of M o r a y " believes 
t o have been Inchbroom. Probably this is only 
an inference from the name, for a contour line 
drawn on t he map at 30 feet above datum level 
shows three islands, none of which have any con-
nection with Inchbroom, but one or other of 
which probably corresponds to the island of the 
1383 record. The 30 feet level of the lake need 
not, of course, have been coincident with the 
conditions obtaining a t that date, though no 
doubt these much more closely approximated 
to the original conditions than do the present. 

The position of the breach in the original 
barrier of the Loch of Spynie at Inchbroom is 
easily explained by supposing that a knuckle in 
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the course of the stream tha t runs down from 
the S.-E. from the Loch of Cotts and f r o m 
Innes House, and which had previously run to 
the sea by an independent channel, cut back 
through the ridge and partially drained the 
loch, the. River Lossie finally taking a more or 
less direct course t o the breach thus formed, 
and leaving a part, and presumably the deeper 
part, of the original loch isolated and undrained 
as the representative of t he existing l o c h of 
Spynio. The tapping of the barrier by this 
stream may have taken place at two places in 
such a way as to leave an island for some t ime 
at this point, and hence may have arisen the 
name Inchbroom. Certainly no good grounds 
can otherwise be given for the occurrence of an 
Inch at this place. 

I have spoken of these gravel barriers as being 
associated with a rising land surface. W e have, 
as you all know, most conclusive evidence of a 
local rise of the land surface in the existence of 
the fine 100 foot sea-terrace which runs from 
behind the Morayshire Combination Poorhouse 
at Bishopmill past the Fever Hospital towards 
Morriston and Scroggie Mill.' Traced westward 
in the wood to the south of the Forres road, it 
becomes, especially beyond Aldroughty, a pro-
minent round-backed ridge, like a huge artificial 
earthwork, and is seen to lie on a platform of 
boulder clay. Now have there been any old 
lakes in connection with this old sand barrier ? 
There are two small lakes still existing behind 
this barrier ridge. One under York Tower, 
known as the Loch of Leys, lies between the 
arms of a crescentic ridge of boulder clay on 
the west, but is shut in on the east by a sand 
barrier, which is beautifully exposed in section 
in a cutting on the service railway to Newton 
Quarry, There is another and apparently un-
named loch to the east of it across the road 
leading from Newton to Mosstowie Station, 
which appears to owe its origin to similar con-
ditions. Still further eastward there have pre-
viously existed several small but apparently 
deep crescentic-shaped lakes between the loops 
of gravel ridges—presumably old barrier ridges 
—to the west of Aldroughty. These barriers 
have been breached, and the lakes behind them 
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drained by gullies opening southwards into the 
Mosstowie valley. 

A t a period probably somewhat subsequent to 
the date of the 100 foot terrace, a long barrier 
ridge was formed across the common opening 
of the Mosstowie and Pluscarden valleys, as 
shown by the prominent barrier ridge which 
runs from the Gallowhill at Glen-Moray Dis-
tillery through the eminence of Knock-ma-Sting, 
the ridge of Mayne, on towards Birnie. 
Breaches may have been formed in this barrier 
at several points at different dates, but the chief 
one was kept open at the northern end along 
the present course of the Lossie. Behind this 
barrier a considerable lake, but of probably 
variable extent, existed till a comparatively re:-
cent period, as is borne out by the names 
Inverlochty and Lochinver. 

Another barrier parallel in part to the one 
just mentioned runs from Birkenhill southwards 
to Longmorn. From the former point it curves 
round to the north-east and probably enclosed 
a temporary loch around and about what is now 
known as the Moss of Barmuckity. It, too, 
shows old breaches, and has been breached at 
several points by existing streams. 

At a height of 200 feet a gravel barrier crosses 
the Pluscarden valley to the west of Torrieston. 
I t is to be noted that this barrier has also been 
breached at its northern end by the Black Burn, 
and the lake behind it, which would have ex-
tended thence to eyond Pluscarden Priory, 
thereby drained. 

At a slightly higher level, we have Loch-na-bo 
and its adjoining smaller lochs. There is evi-
dence in the accumulation of beautifully-
rounded pebbles which is being excavated for 
road metal near Newton of Blackhills that the 
Blackhills burn entered the sea at this point 
when the land stood about 220 feet lower than 
at present. In doing so it formed a cone of 
deposit, the debris of which was roughly 
arranged by wave action in concentric ridges 
around its mouth. Later, when the gradual 
emergence of the land gave rise to a line of 
dead water between the current caused by the 
outflowing Spey and the waters of what would 
then have been a relatively broad bay to the 
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west, a line of *deposit would tend to be formed, 
extending from near t he mouth of this s t ream 
to the N.-E. towards and beyond what is now 
known as the Binn of Urquhart . As the 
emergence of the land proceeded, gravel ridges 
were laid down on both sides of this area of 
deposit as a nucleus, the main axes of these 
secondary ridges being naturally directed in the 
same general N.-E. and S.-W. direction. Loch-
na-bo has been formed in a depression between 
these N.-E. and S.-W. ridges, while the smaller 
adjoining lochs occupy depressions between the 
original concentrio ridges around the mouth of 
the stream. Though there have no doubt been 
minor artificial changes in recent times, the 
broad evolutional lines have, I think, been 
mainly as now indicated. Here, again, it has 
to be noted that the barrier has been breached 
at its western end. 

But there are or were barrier lochs a t still 
higher elevations. The remarkably fine series 
of terraces at Kellas, on the Lossie, is well-
known. While the higher of the series, no doubt, 
owed their origin to temporary ice barriers of 
some form or other, the lowest, which runs 
under the Crofts of Buinach and is wholly com-
posed of sand and gravel, is most easily ex-
plained on the theory of its marine origin. The 
plateau which extends from the Crofts of 
Buinach southwards across the river Lossie to-
wards Glen Latterach has an average height 
above sea level of 455 feet, and is in large part 
composed of gravel containing well-rounded 
pebbles up to 3 and 4 inches in diameter. 
Though the present river has cut a trench along 
the southern margin of this plateau (and in this 
respect is the solitary exception to the general 
rule) in parts through solid rock, still there 
appear good grounds for concluding that the 
deposit of gravel indicated hides an old river 
channel along the northern side of t he plateau. 
In that case we have once more an example of 
a gravel barrier across the mouth of a river 
valley. Whether the Kellas valley which lies 
behind this barrier ever contained a lake may 
be Jeft an open question, but at first sight at 

* Or of little or no erosion. 
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least it seems a very natural oonclusion to come to. 
Towards the further end of the valley, near the 
farm of Mains of Kellas, there is another ac-
cumulation of gravel, which may have been a 
still earlier barrier a t a slightly higher level. 
At a height corresponding to the Kellas plateau 
there exist terraces and accumulations of gravel 
extending eastward across the river towards 
Easterton and Shogle, and which were probably 
originally part and parcel of the same deposit 
There is also a very large deposit of well-
rounded, well-assorted gravel at Coleburn on 
the North of Scotland Railway in Glen Rothes, 
which is extensively used for ballasting over 
that system. There are gravel terraces at a 
corresponding level a t the eastern end of the 
Glen, but not nearly so extensive as the deposit 
at Coleburn. At the latter place the general 
arrangement, which is beautifully exposed in 
section, would point to accumulation under 
wave action directed from the S.E. or Rothes 
end of the Glen. The Gedloch is a small loch 
now almost drained contained between the arcs 
of two minor barrier ridges, but a much larger 
sheet of water probably existed for a time at 
least after full separation of the sea, behind the 
main barrier at Coleburn. This barrier has 
been breached right in the centre by the Cole-
burn burn, which after cutting through the 
gravel of the barrier proper has cut its way 
through boulder clay and Old Red conglomerate 
and sandstone. As the position of the outlet in 
this case was not determined by current action 
in the sea, it is for that reason anomalous in 
position. Communication with the sea in this 
case, it will be understood, took place by way 
of the Spey valley rather than directly by its 
northern end,—at least the appearances are more 
in keeping with the view that a communication 
with the sea existed in that direction down to 
a later date than by the direct route to the 
north. 

Looking at all these facts, and presuming that 
the theory of the origin of the sand ridges 
which I have broached is the correct one, we 
must conclude that there have been at a com-
paratively recent date very considerable changes 
in the relative levels of land and sea in the 
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particular area, over which our observations 
have been made. I have already said tha t these 
sand-barrier lakes are presumptive evidence of 
a rising land surface. We have followed out 
the facts mainly in the reverse order of their 
evolution in time,—that is t o say, we have pro-
ceeded from the recent to the remote, but I 
think you will have no difficulty in arranging 
the facts in their natural order in your minds, 
nor in arriving a t a just conclusion as to their 
general import, which is that they indicate a 
former depression of the land surface to the 
extent of 4-70 to 500 ft. 

I t will at once be asked—If these ridges have 
been formed by the action of the sea, why do 
wo find no marine shells or remains of other sea 
organisms in them ? To this several answers 
may be given. First and mainly—they have not 
been looked for. Marine shells were found 
many years ago in the neighbouring valley of 
the Nairn at a height of 500 ft. above sea level 
by our friend, Mr Fraser, whom we are glad to 
have with us, and who has just informed me 
that he did not find them without looking for 
them—without a full, prolonged, and careful 
search. There is a beautiful deposit of fine 
clay on the Lossie where it cuts through the 
Buinach plateau, which looks very promising, 
and where I shall certainly have another search 
for them. About a year ago I found a frag-
ment of a mussel shell in the gravels which were 
cut through in excavating the outflow sewer a t 
Elgin at a height of 30 ft. above datum level. 
I t is certainly a far cry from 30 t o 500 ft., but 
whatever may be the final verdict regarding the 
origin of these gravels, no theory will be satis-
factory that does not recognise in them uni-
formity of causation from top t o bot tom; and 
that, if they are marine at the lower levels, 
they must also be marine at the upper. Marine 
shells and remains of other organisms have, I 
need not say, been found at several points in 
the bed of what was once the loch of Spynie. 
Further, it may be answered that the time was 
not very congenial to the existence of animal 
life, nor is the character of the deposits calcu-
lated to promote the preservation of their 
remains. 
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On the whole, it may be said that the gravel 
ridges which are such an interesting feature of 
the surface geology of this part of Morayshire 
are best explained as the sand barriers and 
ridges left by a slowly retreating sea on a slowly 
emerging land surface. The retreat of the sea 
as indicated by the varying degree of rounding 
of the pebbles in the various ridges must have 
proceeded at various rates, now quicker, now 
slower, but changing on the whole apparently from 
a relatively quick to a relatively slow rate as 
time went on. In addition to the formation of 
these more or less definite ridges at particular 
stages and in particular places, we find also that 
as the sea gradually retreated its waves came 
by degrees to catch on every irregularity of 
the bottom, to wash out the finer debris, and 
to work the originally angular stones of the 
underlying boulder clay into rounded pebbles. 
These rounded pebbles will always be found to 
occur on the side of the surface irregularity 
which looks down the valley towards what was 
open sea. But was it open sea ? In tracing 

some of these ridges from the land surface sea-
wards—and there are one or two other ridges 
in the area such as the two parallel ridges which 
run from near Miltonbrae towards the N.E. to 
near Whitefield, which, so far as the rabbit and 
the mole have revealed anything of their struc-
ture, are not gravel barriers such as those here 
described, but old kaims or median moraines of 
old glaciers—we find them passing from ridges 
of boulder clay with angular fragments of rock 
in a clayey or earthy matrix to ridges of pure 
gravel with finely rounded pebbles, and this, 
too, while maintaining the same general eleva-
tion above sea level. The inference naturally is 
tha t the landward end of these ridges was pro-
tected by their inclusion in a still existing ice 
mass, while their seaward ends were freely ex-
posed to the wash of the sea. The two ridges 
indicated show for several feet of what was then 
their seaward end this peculiar washing out of 
their finer debris and the rounding of their 
constituent pebbles. The 100 ft. barrier beyond 
Aldroughty also shows a like change when 
traced from west to east. The evidence would 
go to show that glacial conditions obtained 
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during the formation of the 100 foot terrace— 
that, in fact, t he snouts of these old glaciers 
rested in t he waters of what for wan t of a 
better name might be called t he Elgin Bay of 
the Submersion Period. Similar conditions pro-
bably prevailed when t he sea stood a t h igher 
levels, but I have as yet found no evidence 
within the area of a similar mixing of glacial 
and marine deposits at higher elevations. 

I t will be understood t ha t the conclusions of 
the foregoing paper only apply t o the area 
under consideration, but I am hopeful t h a t t ho 
other parts of Morayshire when examined will 
fully bear out the conclusions which I have now 
ventured to sketch out. 

NOTE.—Since this paper was read I have 
observed a sand barrier in course of formation, 
and still under water, around the nor thern end 
of Loch Linnhe, opposite Fo r t - Will iam. 
Another barrier on the land surface has been 
cut through by the railway between Fort-Wil l iam 
and Spean Bridge, and is seen to extend west-
ward across the valley in a line with the western 
shoulder of Ben Nevis. A t the other end of 
the Caledonian Canal the ridges of Torbean and 
Tomnahurich seem capable of explanation on 
the same hypothesis. 

Mr William Taylor, Lhanbryd, read t h e 
following paper on 

SOME R E P T I L I A N R E M A I N S F R O M T H E 
TRIASSIC R O C K S O F E L G I N S H I R E . 

Before saying anything about the fossil reptiles 
found at Lossiemouth during the past few 
years, I show you specimens of t he only th ree 
species of reptiles still living in th is pa r t of 
Scotland. The two vipers in the bottle show a 
male and a female of the common species, 
vipera berus, both found a t Pluscarden. The 
small lizard, Lacerta vivipara, is generally dis-
tributed throughout the c o u n t y ; the blind 
worm, or slow worm (Anguis fragilis), is also 
fairly common in some places in the county 
and has been found in the Oak Wood, near 
Elgin. They all belong to a single order of 
reptiles. The remains of t he reptiles of the 

Ban
ffs

hir
e 

Fiel
d 

Club


