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meetings they might get up an exhibition of specimens 
that had been collected during the interval between the 
meetings, and they might also endeavour to get 
examples of the latest discoveries in some of the 
sciences, such as chemistry, electricity, and photo-
graphy. 

Dr Cramond, Cullen, was to have read a paper on 
the Charter Room of Duff House, but a t his request i t 
was deferred. 

THE GLACIATION OF EASTERN MORAY. 
Dr MACKIE, Elgin, read a paper on the Inter-crossing 

of Erratics and other features of the Glaciation of 
Eastern Moray. He said tha t several well-marked 
boulder streams cross the somewhat limited area 
between the Lossie and the Spey. They had cut one 
another's paths a t various angles, and over a certain 
portion of the field there was evidence t ha t the ice-
streams that conveyed the erratics must have moved 
from directly opposite points of the compass. By far 
the most important boulder stream came from the west, 
as shown by large numbers of blocks of the western 
granites, including among: them the red porphyrited 
granites of Ardclach and Kinsteary, which are scattered 
over Eastern Moray. The most southerly point a t 
which boulders of this series had been observed 
was on the Hill of Buchromb, Dufftown. Having 
noted other boulder streams, and emphasized 
their erratic character, Dr Mackie proceeded— 
Now what could the explanation of such erratic mani-
festations possibly be? They are all of them explicable 
in the theory of an extended ice age, subject no doubt 
to the temporary exacerbations and ameliorations, but 
during which there was on the whole a gradual passage 
from less to more rigorous conditions through a period 
of climax to a gradual recession and final disappearance 
of the ice sheet. By way of explanation of the phen-
omena just described. I shall now put in simple narra tive 
what I conceive to have been the various phases of the 
glacial period as they succeeded one another over 
eastern Moray, stating a t the same time, as briefly as 
possible, what further evidence exists in support of the 
various changes that took place. The onset of glacial 
times was marked by the formation of glaciers in the 
hollows of our highest mountains. These gradually ex-
tending as the rigours of t ha t time increased, followed 
more or less closely the natural drainage lines of the 
country, which, generally speaking, would be from the 
central high grounds directly outwards to the sea. In 
the broad valley of the river Nairn and Caledonian 
Canal glaciers from different mountain systems and from 
opposite sides of the valley met and became confluent 
stilla dvancing and uniting with other glaciers. Streaming 
out from the Northern Highlands, they finally came to 
fill the Moray Firth with a broad sheet of ice. Bu t 
further, during the period of maximum glaciation, the 
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ice from Scandinavia advanced into the North Sea, even 
fa r into the Moray Fir th , and considerably hampered 
the movements, if i t did not for a time altogether pre-
vent the outflow of the Scotch ice towards the east. 
Corresponding with these phases of the ice-sheet, 
we have first over Eastern Moray an indication of the 
movement of the ice towards the N . E . , a s shewn more 
particularly by the t ime of maximum radiation from the 
diorite area. North, nearer the sea-board, the glacial 
strife on the rock surfaces are directed a t first a little to 
t h e north of east. Afterwards, when the ice from the 
Nor thern Highlands began to hamper the movements of 
the ice from the Nairn and Caledonian valleys, the 
l a t t e r was deflected southwards, and caused to hug the 
southern shore—instead of maintaining a north-easterly 
course down the centTe of the Moray Firth, and as condi-
tions become more and more urgent to change its course 
from N. E. to N. by E , then directly east, and finally, as we 
said, 25° S. of E. This accounts for the distribution of 
western erratics over Morayshire, and for the presence 
in our boulder clays of blocks whose present rocks are 
to be found in Inverness-shire—if not in some cases, 
even in Ross-shire. In fur ther support of the move 
men t j u s t described, we have a t a point on 
the hiil of Quarrywood, jus t west of Elgin, a 
deeply fluted ice-grooved rock surface, which 
shows the gradual veering round of the ice. The earlier 
groovings are directed a few points to the north of east, 
t he later , coining above the northerly directed flutings, 
indicate a movement considerably south of east. Even 
far inland a t this time the march of the ice was from the 
west. I t carried boulders from the diorite area west 
into the valley of the Spey. Even Benrinnes has been 
glaciated by ice coming directly from the west, which 
has carried up blocks of the quarten-schists which 
exist in force to t he west to within two or three hundred 
fee t of i ts summit. When a t a later period the Scand-
inavian ice advanced into the basin of the Moray 
Fir th the line of movement of the Scottish ice was 
turned through quite a right angle and forced up out 
of the sea and across the land surface for miles in a 
S.E. direction. As evidence of this movement in addition 
to the blocks of sandstone, cornstone, and chirtz rock 
of Lossiemouth carried in tha t direction we have a 
series of glacial striae on rock surfaces along the coast. 
(1) J u s t S.E. of Burghead, (2) west of Hopeman, (3) near 
Lossiemouth, which indicate a progressive bearing 
round of the ice sheet as traced from west to east. 
The two former sets of strife are indicated on the 
survey map, and the Lossiemouth series has been 
observed by Mr Grant of t h a t town, whose reputation a s a 
scientific observer is well known. The striae exists or did 
exist on a rock surface near the old quarry behind the 
old school, and the appearances as described by Mr Grant 
were such as lef t no doubt in his mind, improbable as i t 
seemed, t h a t the ice-sheet moved up out of the sea and 
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over the land surface in a direction slightly to the eas t 
of Benrinnes. I t was th is s t ream t h a t carr ied t h e 
diorite boulders of brecciform quar t z i t e across Spey 
and up the valley of the Fiddich towards Duff town. 
The advance of the .Scandinavian ice in to t h e Moray 
Fir th does not rest solely on the evidence j u s t adduced . 
Across the Fi r th in Caithness-shire t h e officers of the 
Geological Survey—Messrs Peach and Horne—found 
t h a t the ice from about Dunbeath nor thwards moved up 
from the sea across the Caithness p la in to the N.-W.— 
a fact which would indicate a corresponding deflection 
of the Scottish ice on the nor thern side of the F i r t h , 
and if a line were drawn from Lossiemouth to Dunbea th 
i t would probably mark abou t i t s midd le p a r t t h e 
position of the fore f ront of the Scandinavian ice a t th i s 
phase of the glacial period, which as a l ready h in ted 
possibly coincided with the period of max imum 
glaciatlon. Climatic conditions t he r ea f t e r began to 
ameliorate. The Scandinavian ice wi thdrew f rom the 
Scottish area. The local ice-sheets again became tree 
to flow directly outwards to the sea, and th i s over 
eastern Moray it did in a direction a lmost direct ly 
northwards, first in all probabili ty as a confluent sheet , 
af terwards in three or four glacier s t reams. This is 
shown by the stream lines f rom the dior i te a rea being 
directed due north, by an i r regular sandy r idge 
probably representing a kaim, since flattened by 
temporary submergence below the sea, which runs 
across the low giounds from Birnie to the Gallowhill , 
and still fu r ther north b u t in the s ame di rect l ine by 
superficial scratching above the fluted groovings on the 
rock surface a t Quarrywood a l ready described, and 
which indicate a movement a lmost in l ine f rom Ben-
rinnes. This probably represents the line of one of the 
later glacial streams. Another lay in the valley of t h e 
Spey, and probably had its origin in e corries of Ben-
rinnes. On i ts passage nor thward i t car r ied wi th i t 
blocks of Benrinnes granite and diorite f rom the 
Dandalei th area, and of the brecciform qua tz i t e f rom 
Conrock, the la t te r probably, however, being when t h e 
ice sheet was still confluent. On the Ro thes bu rn i t 
encountered a bed of plastic clay, deposi ted no doub t 
during some more genial in ter lude, and r idged i t in to 
beautiful ly contorted folds, as shown in t h e smal l 
f ragment exhibited. Another and smaller glacier lay 
in Glen Rothes, and l e f t a te rminal moraine a t Cole-
burn behind what appears to be the l a t e ra l a n d much 
more massive moraine of the western ice sheet . St i l l 
another lay in the valley of the Lossie a t Kel las , a n d 
lef t a terminal moraine opposite the crof ts of Bunnach . 
These were the las t r emnan t s of the ice age in Eas t e rn 
Moray. Perhaps in the corries of Benrinnes , t h e 
glaciers still lingered, bu t here, too, they were doomed 
to dwindle and finally disappear. T h a t such is no t a n 
improbable account of the conditions t h a t prevailed 
over Eastern -Moray during the ice age, and t h a t such 
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conditions, if they did prevail, would go far to explain 
the observed phenomena, I do not think you will be 
altogether indisposed to concede. 

T H E GLACIAL DRIFT OF BANFFSHIRE 

Mr JAS. BUIE, jun., Portsoy, followed with a paper 
on the Glacial Drift of Banffshire, in which the con-
clusions were not in all respects identical with those 
of the former paper. Describing the black clay of 
Blackpots, he said its base, which rests upon a thin bed of 
gravel or sand, was only about 10 feet above sea level, 
while it rises to a height of over 100 feet above that 
level. As it contained not only marine Arctic shells, 
but also numerous Siassic fragments of rock and fossils, 
they knew that it had originally been a Siassic deposit. 
Pieces of the in situ rocks in the vicinity were 
also to be found in the clay, which presented no 
indication of stratification, except near the top. Near 
the Castle of Findlater there was a. deposit exactly 
similar to that a t Blackpots. This led him to examine 
the deposits of black clay along the coast, and there 
were to be detected not only Arctic shells, but also 
pieces of Siassic rock, some of which contained Siassic 
fossils. In every case these deposits occupied the base-
ment of the boulder drift lying immediately upon the in 
situ rock, or in a few cases only separated from it by a 
very thin coating of gravel or yellow sand. Discussing 
t he question as to whence this liassic clay came, Mr Buie 
dismissed the idea that it could have occupied a local 
site, since it had been capable of furnishing such a vast 
amount of drift, extending over ten miles of the coast. 
The only source to which they could go for its origin 
was the east coast of Ross-shire, and he proceeded to 
discuss the question whether it was transported by 
ft glacier or by ice rafts. Mr Buie continued— 
To sum up, the evidence on the ground we have ex-
amined lends little support to the hypothesis which 
postulates the existence of a vast glacier passing up and 
occupying the entire area of the Moray Firth, through 
the agency of which the western drift was transported 
to the Banffshire coast. Taking the circumstances of 
the case into consideration, no parallel to such a 
glaciation can be instanced. Even in the Antarctic 
regions, with their high latitude and vast gathering 
ground, as far as can be ascertained, the ice cap is only 
able to trespass for a short distance upon the bed of the 
sea, while in Greenland, the ice, except in some bays, is 
unable to reach the sea coast. Independent of such 
considerations, the evidence we have found in our 
ground points to a modified glaciation and to the de-
position of the western drift by the agency of ice rafts 
passing up the Moray Firth. Under this hypothesis, 
many difficulties which are otherwise hard to explain 
disappear. For instance, the shell bed at Clova, which 
has been the subject of so much discussion, is exactly 
analogous to the case of any of the transported deposits 
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