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from Carina through the sun towards Cygnus, with 
a vacant lane between this line and a 'nucleus'. 
Perhaps more marked is the concentration towards 
this line of those stars (Types O and B) which, in 
extra-galactic nebuloo, show preference for the spiral 
arms. Further, the dark nebuloo forming the Rift 
may be compared with the dark markings often 
noticeable between the arms and the nucleus in 
external systems. The optical evidence, therefore, 
though not conclusive, is reasonably consistent with 
the hypothesis of the spiral formation for our galaxy 
suggested by the radio-frequency measurements. 

The direction of rotation of the galaxy is known 
from astronomical observations of the apparent 
motion of stars and star clusters, and if the radio 
observations can be interpreted in terms of a spiral 
structure with an arm opening out in the direction 
of Cygnus, the sense of rotation is that of a. spiral 
unwinding. This sense of rotation has not been 
previously established. It is consistent with the 
dynamical theories of Lindblad• and Milne7 on the 
formation of spiral systems ; but disagrees with the 
sense of rotation in extra-galactic nebuloo inferred by 
Hubble8 from interpretation of the dark markings. 

The results outlined here will be discussed in more 
detail elsewhere. 

We wish to acknowledge the assistance of Messrs. 
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tion, Australia. 
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Pleistocene Deep Weathering 
Sm EDWARD BAILEY has sent me a copy of his 

letter1 • 

The decay of these rocks is neither pre-Glacial nor, 
in the ordinary sense, due to weathering ; it is a 
post-Glacial rotting, usually from a. ground-water 
rich in peat acids. We know that, because boulders 
(mostly, of course, granite, schist or limy rocks) 
remain fresh throughout a stiff, impervious till, but 
are rotted wherever that till has a loose, earthy 
texture and/or is in a. 'flow-earth' state, through that 
solifluxion which twice obtained in early post­
Glacial times. 

The shattered rock at 1I'ynemouth (whoever claimed 
it a.8 a boulder-clay ?) is, a.s a 'head'•, as much a. 
myth as is the cliff from which it presumably came. 
I have distrusted Sir Edward's judgment on these 
matters ever since his acclaim of a pre-Glacial 
weathered surface at Hessle, another myth long since 
exploded. The few pre-Glacial 'heads' known a.re all 

in sheltered ..positions : that at Bridlington is snugly 
tucked a.way in a. cliff foot behind Flamborough 
Head. Contrast this with the huge crumples in the 
chalk, and the incessant rafting on the exposed 
sea-face of the headland. 

For too long Sir Edward has had the idea that 
great ice-sheets can, over vast areas, be utterly 
innocuous to all beneath them. So was born the 
quaint belief in the immunity of frozen ground, 
thought to account for 're-advance' tills on undis­
turbed sand-a belief quite against the physical 
evidence, and one which ignores those transported 
'rafts' of sand and clay, the parent strata of which 
really were frozen, as shown by their shattered 
margins and intact interior ; proof enough, surely, 
that freezing has not saved them from the common 
fate. Nevertheless, this belief is not easy to reconcile 
with his public announcement, when confronted with 
an 'Upper Till' contact on unmoved sand, with 
the most obvious of roof-falls therein, that these 
represented ''repeated surface creeps of boulder­
clay". 

Personally, I would not call a glaciation weak 
which carried trails (whether on or under the ice is 
immaterial) of Highland rocks and sea-bottom across 
Caithness, or Sha.p granite and Whin Sill along the 
Yorkshire coast; besides Southern Upland and 
Border rocks the whole way down to Norfolk. 

R. G. CARRUTHERS 
High Barn, 

Stocksfield-on-Tyne. 
Jan. 8. 
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THE recent communication by Sir Edward Bailey1, 

describing the brecciation of rocks beneath boulder 
clay, is most interesting, and his opinion that this 
phenomenon is unlikely to be due to ice-movement 
agrees with my own observations. Examples can 
be seen in many places, and a particularly striking 
one was observed by me recently near Bury St. 
Edmunds, where chalk was seen to be shattered for 
a depth of 15 ft. below boulder clay. The glacial 
deposit at this section consisted largely of rounded 
pellets in a matrix of powdered chalk and sand, with 
many flints and occasional fragments of Jurassic 
septaria, Bunter qua.rtzites and rare pebbles of Old 
Red Sandstone porphyrites. The state of the chalk 
under this boulder clay contrasted with that in the 
glacial deposit, as it was broken into angular pieces, 
but no rock fragments foreign to the chalk were 
found. Occasional rafts of this chalk-breccia. had 
been thrust up into the boulder clay. 

The simplest explanation of -these facts seems to 
be that the chalk was first broken into angular 'head' 
by frost action- at some time before the arrival of 
the ice-sheet, and the ice which advanced later over 
the frost-shattered surface derived much of its chalk­
content from this 'head', rounding the angular frag­
ments in the process. Many examples of disrupted 
rock below boulder clay which have been seen in 
northern Britain seem to have a similar explanation, 
namely, a period of frost-action before the arrival 
of the ice. This interpretation is not new, but seems 
to be confirmed by the examples under discussion, 
although dislocation of the solid rock by the mech-
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