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XXX. Nofc.~ on Llle FJjccts produced by tile AlIciClIt Glaciel's 

qf Cacntft.l'volls/tiI'C, and on t.lle Boulders transported by 
Ploatillg Icc. B!J CnhRLEs DAllWlN, Esq., ]:[ . .11., F.R.S. 
a/l(lF.G.S. 

G ~l~~n~~ ,~10~1 ~;ff:~~:bl~~~nti~~::~~I;~l~i~; ~I\I~:~~~~;! 
aTHllhc mJjaccllt parts of North Wnles "'," I vi.~itctl several of 
the localities there noticed, and having f:lInilinrized myself 
with SOIllC of the nppearunccs described, [ have been enabled 
to make n few additional observations. 

Dr. Buckland has stated that a mile east of Lake Ogwyn 
there occurs n series of mounds, covered with hundreds of 
large hlocks of stOIlC, which approacll nearer to the condition 
of an undisturbed moraine, than any othel' mounds of detritus 
noticed by him in North Wales. By asccnding these mounds 
it is indecd easy to imogine that they formed the north-west­
emialeral moraine of ;l glacier, de~cending in a north-east lille 
fl'om the Great Glyder mountain. But at the southern end 
of Lake Jdwell the plHenomeliu of moraines arc presented, 
though Oil n much smaller scnle, with perfect distinctness. 
On entering the wild amphitheatre in which Lake Idwelllies, 
SOllie sllIal l conical, ilTegularlittie mounds, which migllteasily 
escape attention, Illay be seen at lhe further end. The best 
)lI'Cscl'\'ed moullds lie on the west side of the great black per­
pemliculnr fnce of rock, forming the sOllthern boundal'Y of the 
lake. They IUl\'e been intersected in many places by streams, 
and they nr.:: seen to consist of earth and detritus, with great 
blocks of rock on their snmmit.<;. They Ilt first nppear quite 
irregubdy grouped, but to fl pel'soll ascending any olle of 
those furthest from the precipice, they nrc at once seen to 
f.'l.1I into three (with traces of a' fou rth) narrow straight lineal' 
l'iuges. The ridge nearest the precipice runs someway up the 
mountain, but the ouler one is longer nnd more perfect, and 
forms a trongh witll the mountnin-side, from 10 to 15 feet deep. 
On the enstern and opposite side of the hend of the lake, COI'­

responding but less developed mounds of detritlls may be seen 
I'ullning a little way lip the mounlain. It is, I think, impossi­
ble for anyone who has read the descriptions of the momines 
iJonlel'illg the existing glaciers in the Alps, to stand on these 
mounds and for an instant to doubt thnt they urc {lncient mo­
mines; nor is it possible to conceive {IllY other cause which 
coulllliave abl't1ptlythrown up thes£' long narrow steep moumis 
of unstratified detritus agninst the mountain-sides. The three 

-.: Iteml hefore the Geological Society, December 151h,184. I,lmd the 
Abstract is IlUbli ~he(1 in the Atheme11111. 1842, p. 42. [An Abstract of Dr. 
Ullckbml's paper. frotH the Proceedings of the Society, will appear ill nn 
early number of the Philosophic:.1 Magazinc.-EDIT.] 
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or four linear ridges evidently mark the principal stages in the 
retrent of Lhe glacier; the outer one is the longest, :lIlt! tl i­
verges most from the great willi of rock ilL the south end of 
the IlIke. The inner lines distinctly defi ne the bOll ndary of 
the g lacier during the last stnge of its existence. At this pe­
riod n small and dislillct glacie r dcscclldcd (1'01li a narrow but 
lofty gorge 011 the lJorlh-wes teru cnd of the lake; 11 11(\ Il ere 
remnants 'Of :\ terminal momine m:ly be trnced in the lillle 
mounds, forming a broken semicircle round a rushy plnin, 
scarcely morc than n humlred yards ill diameter. The nJCks 
nrc smoothed, mnmmillnted lind scored, nil round the Jake, 
nml at sOlue little depth bencath the sl1l'lilce of tile watcr, liS J 
could both sec and Icc! , Similar marks occu r at grea t heights 
on nil sides, Elr nl.lOve the limits of the moraines just described, 
nml were produccd at the time whcn the ice poured in n vast 

:ilr:~~~I~I:'~~I!~~r:'':rklll~~r~~f:~e~U~Hlillg the northern end of 

I may herc mcntion, that nuollt eighty yards west of the spot 
where the river escapes from the luke, through a low monm\ 
of detritus, probably OIlCC a terminal moraine, therc is lut ex­
ample of n bouldcl' broken, as described by Chfllvellticl' /Inti 
Agassiz, into pieces, from fnlling through a crevice ill the icc, 
T Ile boulder now consists of four g-rent tabular mnsses, two of 
which I'est all their I..'dgcs, nnd two hm'e partly Julien over 
ngninst n neis hbolll'ing boulder, l"l'om the distancc, thoug h 
li lllnil ill itsell, at whicli the foul' pieces nrc separated frOIll cad. 
other, they must hnve been pitched into th ei r prescnt position 
with g rcat force; olld as the two uprig ht thin lab nlal' pieces 
arc placed tl'nns\'erscly to the gentle slope 0 11 which they 
staud, it is sca rcely possible to conceive thnt they could have 
been rolled down from the mountnin behind them; one is lcd, 
therefore, to conclmlc tlllltlhey wcre dropped nearly \'el'tically 
from a hcir,ht into thei r prescnt places, 

The rocky and steel) urlnicl' over which the ice from the 
amphitheau'c or L nke dwell nowed into the valley of Nant­
Frnucoo, presents from its summit to its vcry foot (betweeu 
400 and 500 feet) the most striking examples of boss or dome­
IOrmed rocks; so much so, that they might have scl'vetl nS 

models for some of the plates in Agassiz's work 0 11 Glaciers, 
\ Vhell two of the bosses stmal nenr and .arc sepnrnted ollly by 
a little gorge, theil' Sleep round ed sides llre gellemlly distillctly 
scored witillilles, slightly dipping towards the great vnlley in 
front. The summit of the lJosses is comparatively seldom 
scored; but on one closc to the bridge OVCI' the ri \'CI' Ogwyn, 
I remarked some singula r zigz.'w scores. At this spot the 
cleavage of the slate is hig hly inclined, nud owing appn relltly 
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to the different degrees of hnnlllcss of the lumillre, smooth nnd 
gentle furrows have hccn produced by the grinding of the icc, 
transversely to the scores, nIHI to tJiC probable course of the 
glncit:I', l-1el'c, liS well ns jn some few OtilCI' plnces, 1 noticed 
un Uppctll'llllce which mnde it vividly c1enr thnt these bosses 
JuullJccII forlllcu by some process Quite different from ordinary 
nqueous or atmospheric erosion j it is the [lbrupt projection 
from the smooth surfitcc of 11 boss of n piece of rock n few yards 

~~:I{l~~~I~~d If~~c ~;e t~~e:~}i'~~:f!~hi? ~~~tl~:;~ ~~~f~~i~,~nj~o:il;lc~ 
jagged: if n Sl.lltullry were to cut n smnll figure outar n huger 
OIlC, tile abrupt projecting portions, before he quite completed 
his work, might be compared to these masses of mck: holV it 
comes that the glaciel', in grinuin~ down n boss to [1 smaller 
size, should ever leave n smail portIon apparently untoucheu, 
1 do 1I0t undel-stand. 

On the summit of some of the bosses all this barrier there 
arc perched boulders: but this phrenolllcllolt is seen f.'lr morc 
strikillgly close to Capel-Curig, where nlmost every domc of 
rock south of the lnn is surmounted by one or more lurge 

~~~~I;;rt::l~.silie~! ~l~~~~:l n~~~I'le s!:t~o;~:~~iI~:~=~~II~~~ 
on which they rest, struck me ns aile of the most rem:u-knblc 
e{fecLs produced by the pnssage of the glaciers. On the sides 
of the mouJltains above CapcI-Curig, [ observed some bould­
ers left sticking 011 very narrow shelves of rocks, nnd other 
boulders of vnst size scnttered in grOU\ls. The largest boulder 
11101iced there was about 2G feet in ength by 12 in breadth, 
nUll buried to nil unknown thickness_ 

I'roceeding down the great strnight vnUey of Nnnt-Frnncon, 
which mllst formerly hn,'e conveyed the united glaciers from 
Lakes hlwetl -nnd Ogwyn, we contil1ue to m('et with ooss­
formed roclos till below the village of Bethesdn. From this 
point townnJs Dangor these boss-formed rocks become rnre; 
at lenst it is certain that a large number of hummocks of rock 
with rugged surfaces project, whereas higher up in this valley, 
nntl in nil the great cClltrni valleys of Snowdonia, such UI1-

ground hummocks arc not to be met wilh. At Bethesdn, UII"\ 

strntified mnsses of whitis11 earth, from ten to forty feet in 
thickness, full of boulders mostly rounded, but some llngular, 
from one to four feet square, nee lirst met with. This deposit 
is interesting from the boutders being decply scored, like the 
rocks i1& sittl over which a gillcier has pnssed. The scores llJC 

sometimes irregubr nnd crooked, but GcnernJly quite pnrallel, 
:IS 1 distinctly saw over the entire side of one large block. 
Some of the blocks wcre scored only all Olle side, others 011 
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two sides, but from the difficulty of turning over tho huger 
OIlCS, 1 do not know which CAse is most COllllllon. 1 SAW one 
large block on which the scores on the opposite sides wore 
nil parallel j p lld RIIOdlCI' i .... cgulnrly cOllien l Olle, four feet in 
length, or which thrcc-fourtlls of thccircumfcl'cllce wnsmnrked 
with pnrallcl strire, converging towards the npex. In the 
smnller elongntcd blocks, from six to 1woh'c inches in diameter, 
I observed thnt the strire were generally, if not always, pnrol­
lei to their longer axes, which shows thnt wholl subjected to 
the abrading force, they Arrunged themselves in lines of lenst 
resistance. Out of three Inrge blocks which rcmnillcd im­
bedded ill n perpendicular clilf, the "crtica l sides of two were 
scored iu horizontal lines, and of the third in an oblique di­
rection. These severnl (hcts, especinlly the pamlfelstrire on 
the upper and lower surfaces, show that the boulders were not 
scored ou the spot where Lhey nre now imbedded, as seems to 
have been the case with Ihe boulders described b'y 1\11' Mnc­
Inren*·in the Lillllenr .&Iinburgh. The contmst IS very stri­
',inJ; in the sLAte of the surfnce of these boulders, nnd those 
wlllch lip o;cnttered high up on the sides of the adjoining hills 
and of the great celltrnL "lI l1eys, or IIrc perched on the worn 
bosses of nnked rock; such bouldel"S, ns 1 particularly 1I0ticetl, 
present no signs of scores or !ltrim, I\S migh~ have been nnlici­
pitted, if~ as is supposed, they were 11"1111 5por1eo all lhe surface 
of the glnciers. In the qunrries which I examineli, nnmely, 
below Bethesda, nnd at some little height 011 the ensteru side 
of the villnge, the till rested 011 slate-rocks, not worn into 
bosses. 1 found, however, n rather smooth pap of greenstone 
marked wilh a few deep scores. The till forms, nt the height 
probably of GOO feet above the sen, a little plain, sloping sea­
ward j nnd between llethesda. and Bongor, there nre other 
gently inclined surfaces composed of till and strntifietl grnvel. 

~i~l~d~~i~~~st~~:t~ah~;e~f:~l~~r b:i~le~~~o~~~7,fi ~!'~I~~~'~~~~~ 
thnt this till was nccumulated in n sloping sheet beneath the 
wnters of the sea. In composition it resembles sOllie of the 
beds of till in 'l'ierm del Fuego, which hnvc ulllioubtedly had 
this origin. 1 presume the scored, roundcil, ami strinted 

. boulders were J>u shetl, in the form of n terminal moraine, into 
tho sen, by the greDt glacier which descended Nant~Frnncon. 

Mr. Trimmert reports, on the authority qf some 'W()rlrmell, 
, Geology orFire and the Lothian!, p. 212. 
t Proceedi ngt or the Geolog·~31 SOClcty, vol. i . p. 3.'l:!. or Phil. Mag. S. 

2. vol. x. p. 143. Mr. Trimmer wa. onc or thc carliest observers or the KorCi 
and other mnrk~ on thc rocks or North 'Vales. He hM nisorcIII3rkcd that 

:~:r:~~.?r t~irl.*1~~III~O:rkhi:::i~ }~:n~::i~~v:;:~I~~~:~~~ d~l:~u~C!~ 
Deaumari •• 
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that sea-shells have been found on Mocl Fohnn, two miles 
N.E. of Belhesda. 1 ascended this and some neighbouring 
hills, but could find no trnce of any deposit likely to include 
shens. This hill stnnds isolated, out of the course of the gla­
ciers from the centrtll vaJJeys; it exceeds 1000 feet in height; 
its surface is jagged, and presents not the smallest appenr­
:1occ or tile passage of glflciers: but lligh up 011 its flunks (nnd 
perhaps on its \'cry summit) there nrc large, Bngular and 
rounded boulders of foreign rocks. 

Along the sea-const between Bangor nnd Cnernnrvon, and 
all the Cnernnrvollshirc pJuiJl, I did 1I0t notice any boss-formed 
hillocks of rock. The whole country is in' most plnces COIl-

~~~111e~~n~: s~~f~~~ :n~~;~r:;i~:e ~~f~~:;i~~r:c:~~er~ 
From the accou nt given by Mr. Trimmer* of his remnrkable 
discovery of broken fragments of Buccinum, Venus, Naticn, 
:md Turbo, beneath twenty feet of sand and grnvel, on Mocl 
Tryfnn (S.E. of Caerllnrvon), I ascended this hill. I ts height 
is) 192 feelt above the sea; it is strewed wilh oouldcrs of 10-

~~~~~~~~~'; ~~~t n~~r t~~: s~:~r~I~170u~~~11~I:o~~~!db~h~r~~ 
~~~fa~~~ s~~~l Foi;~esi~f c~~:~~l~r:~~ei~Il~~~~stois~rat~r; 
wherever the bare rock protrudes its surfncc is jngged, and 
shows no signs of being in nny part worn into bosses. The 
contrast between the superficial part of the bare rock on tbis 
h ill and on Moel Fnban, wilh thut of the rocks within the 
~rcnl ccntrnl l'lIlJeys of Cnernnrvonshire, is very remnrknblc; 
I t is n contrnst of precisely the snme kind us mny be observed 
jn these slime valleys by ascending on either side above tIle 
reach of the nncient glaciers. A little wny down the hill, Il 
bed two or threc fcct in thickness, of broken frngmcnts of slute 
mixed with n few imperfectly rounded pebbles nnd boulders 
of many kinds of rock, is seen in severnl places to rest on the 
slate, the upper surfnce of which, to the depth of severnl feet, 
IIUS been disllltegrated, shattered and cOlllorteu in a very cu­
rious manner. Tile lami nated fl'ngments, however, sometimes 
partiaIly rel:lin their originnl position. 

I did not succeed in finding nny fragments of sbells, but 
Ilenr the summit of the hill on the eaStern or inland side, I 
found beds, nt lenst twenty feet in thickness, of irregularly 
stratified gravel and lJoulders, with distinct nnd quile defined 
layers of course yellow sand, and others of a fine argillaceous 

• Proceedings of the Gcologicnl Society, vol. i. p. 332. (Phil. Mag. (IX. cit.) 
t Murchison', Silurian System. p. :;28. 
t J may mention, that lit Little Madely, in Stafford5hire, I have foulld 

d\a\J,;.ftinll in the gra\·c1·bcd" ussocintcd with exi5ting Ipccits of 5CU.·s!JeU .. 
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nature and reddish colour. These beds closely resemble 
those of Shropshire and Staffordshire, in which nre found (as 
I have myself observed in very many places) fragments of sea­
shells, and which everyone, I believe, since the publication 
of Mr. Murchison's chapters 011 the drift of these counties, 
admits are of submarine origin. It may therefore be con­
cluded that the layers of coarse and argillaceous sand, and of 
gravel, with far-transport~d pebbles and boulders, do not owe 
theil' origin to an inundation, but were deposited when the 
summit of Moel Tryfan stood submerged beneath the surface 
of the sea. As there nre no marks of the passage of glaciers 
over this moulltain (which indeed from its position could 
hardly have happened), we must suppose that the boulders 
were transported on floating ice; and this accords with the 
remote otigin of some of the pebbles, and with the presence . 
of the sea.shells. Within the central valleys of Snowdonia, 
the boulders appear to belong entirely to the rocks of the 
couutry. May we not conjecture that the icebergs, grating 
over the surface, and being lifted up and down by the tides, 
shattered and pounded the soft slate-rocks, in the same man­
ner as they appear to have contorted the sedimentary beds of 
th&east coast of England (as shown by Mr. Lyell)"', and of 
Tierra del Fuego? Although I was unable to find any beds 
011 Moel Fabnn 1ikely to preserve sea-shells, yet, considering 
the absence of the marks of the passage of glaciers over it, I 
emmot doubt thnt the boulders on its sllrf.'lee were transported 
on floating ice. 

The drifting to and fro, andgroundiug ofnumerOliS icebergs 
during long periods near successive uprising coast-lines, the 
bottom being thus often stirred up and fragments of rock 
droppctl on it, will account for the sloping plain of unstratified 
till, occasionally associated wilh beds ofsand and gravel, which 
fringes to the west and ,north the great Caernarvonshire 
mountains. 

In a paper read before the Geological Society t, I have re­
marked that blocks of rock are transported by lIonting icl'.! un ­
der diflcrent conditions; 1st, by the freezing of the sen, in 
countries where the climate' does not favour the low uescent 
of glaciers ; 2nd, by the formation of icebergs by the descent 
of glaciers into the sen, from mOllnt.'lins not very lolty, in In­
titudes (for instance in that of Geneva, 01' of the mouth of the 
LQire, in the southern hemisphere) where the surface of the 

... On thc Bouldcr Formation of E:lstern Norfolk;" Phil. Mag., S. s. 
"01. ~"i. Mny1840, p. 351 . 

t Mny 5th. 1841, .. On the distl'iuution of the Erratic Boulders, mill on 
the contempornncous unstratified deposits of South Amcrica.·J [Phil. Mag. 
6.3, vol. xix. p.5S6.] 
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i}~aV~l~l:~:iIZre:=~~rk:J t~:~~h~Yc~!~d~~i~~~nn3~~~~e~ft~i:S~~ne! 
transported) would generally be influenced by the manner of 
production of the floating ice. In accordance with these views, 
I may remark that it , does not seem probable from the low 
level of the Chalk-formation in Great Britain, that rounded 
chalk-flints could often llave fallen on the surface of glaciers, 
even in the coldest times. I infer therefore that such pebbles 
werc prolmbly inclosed by · the freezing of the water on the 
allcient sea-coast's. \Ve JJave, however, the clearest proofs of 
the existence of glaciers in rhis country; and it appears, that 
when tlle land stood at a lower level, some of tIle glaciers, 
as in Nant-Francon, reached the sea, where icebergs charged 
with fragments would occasionally be formed. By this means 
we mny suppose that the great angular lllocks of Welch rocks, 
scattered over the central counties of England. were trnns~ 
ported "'. 1 looked carefully in the valleys near Capel-Curig 
and in Nant-Francoll for beds of pebbles, or other marks of 

~i~~:)~r~~~~:~n;n~u~~~~!d s~:dJj~~~:~~hn~le: l:!~~n~l'tl~e;:~: 
inland creeks of salt-water must have stretched far up or quite 
through these valleys, nnd where they were deep, the glaciers 
(as at Pl'CSCl1t in Spitzbergent) would llave extended, flonting 
on the surface of the water, ready to becomedetnched in large 
portions. From the presence of boss-formed rocks low down 
In the valley of Nant-Frnncon, and on the shores of the Lakes 

• On the summit of Ashley Heath in Staffordshire, there i. an angular 
block of syenitic greenstone, four feet and a ho.!f by four feet square, and 
two feet in thickness. This point is 803 feet above the level of the sea . 
From this [Rct, together with those relating to Moel 'fryfan nnd Fabnn, we 
must, I think, conduuc that the whole of' lhi5 paft of England was, Ilt the 

~C;j~~p~~ t~~jJ~T:!~~.:c:83~ecf>~iil~~~:.r~~d:i. v!~.O:;v~h~ ;~~]~B 19~:~~~ 
doubt tlult Ilt 1I1is snme peri01 the rentro! pafts of Scotknd stood at least 
130() feet benenu! the present level, and that its emergence hilS since been 
very . low. The boulder on t\~hley Heath probably has been exposed tORt­
mosphcne disintegration for II longer period than any other in this part of 
England. I was therefore interested in comparing the state of its lower 
surlace. which was buried two feet deep in compact fernlginoul sand (con­
t.'lining only quartz pebbles from tIle subjacent new red sandstone), with 
the upper part. I could not, however, perceive ti,e smallest difference in 
the lJrescryation of the sharp Dutiin", of \ta ,i.d~. I had a hole dug under 
anotller large boulder of dark green fclspalhie slaty rock,lying at a lower 
level; it was separated by 18 inches of samf, (containing two pebbles of 
granite, and some IIngular Ilnd rounded masses of new red t;3ndstone) f~m 
the lIurf.'lce of the Jlew red sandstone. One of the rounded ba!ls of thi , 
latter stone had been split into two, amI deeply scored. evidently by the 
stranding of the boulder. 

t Dr. Marreoll on the Glaciers of Spitzbergen, New Edinb. Pbil. Journ. 
1841, (vol. l:xx.) p. 288. 
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of Lhmberis (810 feet above the scn), it is evident thnt gIn­
ciers filled the vnJleys after the land Imd risen to ncnrly its 
present height; and these glaciers must have swept the valleys 
clann of nil the rubbish left by the sen. As far us my very 
limited observations serve, I suspect that boss or dome.fonned 
rocks will serve as one of the best crilerions between the ef­
fee.ts produced by the passage of glaciers and of icebcrgs*. 

Dr. Buckland hilS described in dct.o.ilthe marks of the ptlSS­

nge of glaciers along nenrly the whole COUI'SC of the grent 
central \Velch valleys i I observed thnt these marks were evi­
dent nt lbe height of some hundred fCCl 011 the mountain-sides, 
above the wnter-she~i, where the streams flowing into the sea 
at Conway, Bangor, Cnernarvoll, and Tremadoc, divide: 
hence it appears that a person sl!Irting from anyone of these 
four places (or from some wny up the valley where the gla­
cier ended), might formerly, without getting off the ice, have 
come out at eithcx bf the other three plnccs, or low down in 
the vnlleys in which they stand. The mountains at this pe­
riod must hnve formed islands, sepnrated frolll cach other by 
rivers of. icc, Ilnd surrounded by the sea. The thickness of the 
ice in severnl of the vnlleys has been great. In the vnle of 
Llnn1tcris I nscended n very steep mountnin, E.N.E. of the 
upper end of the upper lake, which slightly projects wherc the 
vnlley bends n littJc. For the lower 1000 feet (estimated, I 
think, correctJy) the mark.s left by the glo.cier nrc very distinct, 
especially neor the upper limit, where Ihel'c nrc boulders 
perched on bosses of rock, and where the SQlTes all the nearly 
vertical faces or rock nrc, I think, more distinct than any 
others which 1 saw. These scores nrc generally slightl~' ill­
c1ined, but at various .'Ingles, seaward, as the surface 01 the 
glncier must formerly have been. But on onc particular face 
of rock, inclined at an angle of somewhere about fifty degrees, 
continuous, well-mnrked and nenrly parallellillcs sloped up­
wards (in a contrnry sensc to t11C surJnce oflhe glacier) at all 
angle of ISO with the horizon. This face of rock did not lie 
pnrnllel to the sides of the main vallcy, but formed OJ1C side 
of the slopIng end or thc mountain, OVCI' rwd round which the 
ice appears 10 have .swept with prodigious force,. expanding 
laterally after being closely confined by the shoulder above 
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mentioned. At this point, where the glacier has swept to the 
westward, and has expanded, its surface seems in n short space 
to have declined much: for on n hill lying about Il. quarter of 
a mile N. W. of the shoulder, and forming n lower part or the 
same range (it stands S.S.E. of the Vicloria I nn, nnd has a 
reddish summit), the marks of the passage of the glacier arc 
at n considerably lower level. At the very summit, however, 
of this hill, severnllarge blocks of rock have been moved from 
their places, as if the icc had occasionally ))ussed over the 
summit, but not for periods long enough to hu\'c worn it 
smooth. 

I cannot imagine n more instructive and interesting lesson 
for any olle who wishes (as I did) to learn the effects produced 
by the passage of glaciers, than to ascend a I~ounlain.like one 
of tbose south of the upper lake of Llanbens, constituted of 
the snme kind of rock lind similnrly stratified, from top to 
bottom. The lower portions consist entirely of convex domes 
or bosses of naked rock, generally smoothed, but with their 
steep faces often deeply scored in nearly horizontal lines, and 
with their summits occasionally crowned by perched boulders 
of foreign rock. The upper portions, on the other hand, are 
less naked, nnd the jagged ends of the slaty rocks project 
through the turf in irregular hummocks; no smooth bosses, 
no scored sm-faces, no boulderslare to be seen, and this change 
is ellected by all ascent of only n few yards ! So great is the 
contrast, that anyone ,.jewing these mountains from a distance, 
would in many cuses naturally conclude that their bases and 
their summits were composed of quite different formations. 

XXXI. ApplicalioIJ to lJarticlllar insta"ces £If tll~ g(!7let'al 
Formula for e/:imi1lOting the Weights of !ltired Bases, By 
JOSIAH REES, ' JUN" l"'G.S., if Her Majestys Draumlce 
Geological Survey · , 

T I-1E general formula for eliminating the weights of ally two 
bases, where thewhole weight of nny particular acid with 

which they are combined has been previously ascertained, is 
not easily ayailable to those who are unaccustomed to mathe­
matical inquiry. 

If, however, we apply the general rule to particular in­
stances, we are enabled to obtain a very simple place for each, 
by the application of which the weight of the bases may be 
ascertained. , 

I have thought it would not be altogether useless to draw 
lip a few such rules for th-e usc of chemists . 

• Communicated by the Author. 
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