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at Airdrie in Scotland carrictl eastwartl from the bottom of tho
CJyde ; anil tirose in Caithncss from Moray Ilirth, w€re among
exrrmples adduced in proof of tlris 1;rinciple. T)re improbabiiity of a
grcat submcrgcncc not leaviug corrcspondiug dcposits in othr:r parts of
nlgland rvas drvelt upou,

It rvas also hclil tlrat thcrc was insufficient cvidence of morc than
one advance in the icc-sheet, although halts occulreti in its rctreat.
The idca of successivc elevatious and submergenccs with advanccs and
retrcats of thc ice l'as disputcd, and the author irr:ltl that much of the
supposctl irrtelglaciul drift rras duo to subgluoiul rvater liorn lhe
mclt ing icc.

thc llsb portion of thc papcr discussccl thc distlibution of bouldcrs,
grtvcls, and chys soutlr of thc glacirl area. Ifuclr tlrc gloatct part of
lluglancl rvas belicvetl to have bccr unc,osered by lantl-ice. Thc dritt
delrosits in this area lvol'c shorvn to be thc rt'sult in part of grcat
frcslnvater streams issuing frorn the mclting icc-shcet, and in palt of
maline culrcnts boal ing icoborgs during a subnergence of sorne 450
fcct. Thc supposed glacial drift about Birmingham, and thc conccn-
tlation of boulders at Volvtrlrampton, rvere rcgardcd as rluc to the
former aqcut; rvhile thc dcposits at Cromor tnd the distribution of
lincolnshire chalk across southcrn llnsland rvas <lue to the lattcr.
The supposerl cshcr nt Ilunstarrton was belicved to be sinrply a sea-bcach,
antl thc lonclon drift clcposits to bc of aqueous oligin. 'I'hus tho rival
thcorics of floating icobcrgs arttl of land glacicrs rvcre both tluc, tlte
ont, for lrridtllc rrnd soulht:ru Uugirrnd, fbc othol fol Scobllnd, Wllos,
rnd the nolth of Dnglald I and the line of dcuarcation rvas fixed by
grclt tcrnrinal moraincs. 'I'hc paper closcd rvitir an aciinotvlcdgmerrt
of inclebtctlncss to thc many gcologists of llngland autl Ireluntl, rvho
hltl unilbruriy rendercd gcnolous assistarice during thc abovc invcstiga-
t ion.

YII.-Nors oN TtrE F.rcurrrco PsBnr,us Fuorl atrE Or,rvn Gnoup or
THD SALT l l lo*cn, PuNJAB, fA-Dra.

Ily R. D. Orn.rr.ru, A.R.S.1\I.,
oI tho Geological Survey of Inilia.

,{ T the last ruceting of the Blitish AssociLrtion certain facetteil
,fI pcbbles tlelived frorn the Olivo gloup of ihe Salt Range, and
presumably of glacial oligin, rvelo exhibitetl ond cornnlentecl on.1
Sorne i loubt apl)ears to hnve becn expresSed as to their being due to
glacial action. The follorvirtg uotes on these Debbles ancl the becl
tl-re.y welo rlorivecl from tna.y prove of interest.

Tho boulder becl of the Olive group in the Salt Range consists of
a fine-grained, thin-bec'lded, slraly matrix, usullly of that sLrade of
grcen fi'onr rvhich the litnro of the group is delived ; through this
are scattererl blociis of halrl crystailine and utotamolpltic lock, of
all sizes, fi'our an inch ol lcss to several feet in diarneter. They aro
too abundrurt for-tlreil occult'encs to be explr,inerl bv the action of
dl i f t  rvood, uor is thcle any sign of cabonaceolrs mrltel in t i rc bei l ;
thclo is uo inilication of volcanic action, and, as m&r)y of the frag-
rnents nrust have travelleil scores, if not hundrecls of uriles, wo alo

r See GnoL. Mlo. 1336, Decade IIL Yol. I IL 1p. 492, 494,574.
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r l los'ed by al l  rvho l<now t lre becl.  \
O[ these blocl is of stone irn l ,pprcciablc pr.oport ion shou. a f lattenecl

str iated sutf irce, exactiy i i l ie thit  prot lucetl  b1'glaoi l l  act ion; but a
pcul iari ty of this bouldor bei l  is that r veiy iar.gc plopolt ion of

ii llose bloclis rvhich shorv this feature ar.e nt-rt siriatec'l ori a single ftrco
[li: only, bui on several ; antl in solno cases tho original forrn of tho
I pebble is so cornpletcly obl i teratcrl ,  arrd thc f i tccts-rueet on so cleitrr-

cut an edge. t l rat t l ro yroL-r lr lo irssl lnr( is i t l rnrrst t , l ro a|r|orrarrco ol a,
gTstal.  .Sotlot lr i rrg sirui lrr  to this is l<norvtr in l l rc l , lorr l , ler-cl ly of
England ; instanccs rvc'ro quotetl  at tbo l- lr i t ish Associat ion, arxl I

;  h.rro nrysclf  scerr a pebblo l i 'om thc l lorr l t lcr '-clay of tho nl idland
Counties so stliatetl Jn tLree ftces; but t.lrc.se sur'lirccs dicl not nreet
ia a sharp edgc, l i l ie thosc so corlrnonly uret rvi tL iu the Salb l lango

. sPeclnleris.
i  . :  f laving slorvn that tho occnr.r 'errce of t . l rcse pebblcs iu their
L'  PreseDt posit ion is l lnc to thc action of f loating-ice, rve hnvo uext to

i ' ,  onsider rvhether t l teir pecnl iar folrn is also-clue to t .be action of
.ii' ice, and if so rvhcthcr ai coast-ice or in llre fblrn of a glacier.
ir A suggestiou rvas uratle at the Blitish r\ssocia,ti<n that thc facctting

might be r lue to t lre act ion of ,rvirrt l -blorvn slut l ;  this, horvcvcr, I
cannot acluri t .  Wit,houi cgotism f nrry *ry thrrt  I  hrvc had oppor-
tunit ies of studyirru tho closive rci iou of lr lorvr sutr l  such as lalI  to
tho lot of ferv luulogists. I  l raye seel 1rr1rbo1s r-rf  stopcs f ircr:t tct l  by
tlre s.rntl bloruri'rgaiirst thoil t.liIfereut litccs as Ihey rvclo ovcr.tulneil
fr .rm t iurc to t inro t l trorrgh ol lo cl luse or anotlrur ' :  Jrrt  I  l rave rrever
seen arr; ' l l r ing 'rvlr iulr,  to a 1,r 'act iss, l  c;,e, r 'cscrrrLrl . , , l  t l rcsc Salt
Range pelrl-,l"i 

",,y 
,no.c tl-ran ihcse lattor."t'lo a cr.ystal of felspar.

\Yirelc blorvn sturl  acts on a loel i  sui l ic icrrt l .y Lart l  or l inc-glr inei l ,
.  e pol isbed surl irce, urirr l ier i  rvi th nnrrrenrus l i l i r ly pal l l lel  sctatches
. p tlle directiorr of the ltrcvtiling rvinrl, is plorluced. 'l'lieso sclatches,

;ihorrever, coulcl uot bo corrfourri'letl rvith glacial stria; for they ar.e;,  [orgever, cour(l  uoI tJo colr loutr( le(t wlth glaclal stt . l&; lor i l rey ar.e
i sch as n'ould result frorn Pnlt icles of gr. i [gett i lg irr to an art i f ic ial
r pqlisher, aud ale vcry dil}'erent f\'om tho cleati-aud lirroiy-cut scratcbes

B. D. Oltllurnt-ITaccttctl Pcbblcs front, the Punjab.

:'. pompelleii to allorv that their occurrence in tlreir plesent posit,ion
toi is priuralily due to the action of floating-ice, So uruch has loirg bcen

pmduced by glacirl actiou. \Vhele the locli is sof'ter, it is often cut
ir inlo glooves ptlrllel wilh t.he dilecliol of tlrs prevailing rviutl ;
: .  lLese, too, nro not l i l ie the groovirrg ploducerl by ice, but broad
; " .b"l i; ; ;, " r'*t'- .*1'^"*J' iy" ;il;r; -:, i;;;i" ;i;; J ;il', ; ;"";;;;

ut appearance as if it had beeri rougLly dlessed rvith a carpenter''s
In any casc there is an entire obsence.of anytlr ing apploach-
shalt l  edqe exceut in tho direct i ,rn df the rvirrcl .  al l  alslesto a shar'p edge except in tho di lect ion df the-nviud, al l-augles

oblique or transvelso to that l ieirrg roundcd oft.  Norv t lre frrcettecl
plbles antl  boult lels of the Sr' l i  l l i rrgc slrorv lry t l re t l i recl, ion of tho

ir ir ia on t lrenr t l rat iu alruost ever') .  case t lre f ircets : .Lle t lrrc to sorue
iernso acting iu a r l i lect ion ))rore of less t l l rrrsverse to the l ine aloug
rishich they rnec[; conscquerrt, ly tho lhccts oirnrrot lre t lrre to the action

f 'd-blo*'n sau,1, rvlr icb s'oult l  hlvc r.orurr lcr l  ol) ' trry ansle so situatcd
,l idr referencc to t lrc r l i rcct iorr in rvhich (hc sarir l  rvas dr. i l ' ted.

11o nurubel of stoncs shorvirrg ouc or- Dlorc stliatcd sur'lirccs pro-
DaclDP rrr.-riol. ly.-!to, r, 3
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vents us from ascribing their origin to a movement of the soi l-cap,
wLile tLe steatl iness ol di lect ion of tLe str irc on each face shorvs
that the fragnrent must have been f rmly helt l ,  ancl,  in the case of
the snrl l ler ones, i t  is dif f icult  to see horv they coulcl have beeu so
hr' l t l  except by being inrbedr. led in sonre nraterial rvhiclt ,  l ike ice,
rvorr ld arlapt i tself  conrpletely to the shape of the pebble.

The str iatecl f i rces bear no resenrblance to sl ic 'kensit les, antl  as the
fragnrents seldom touch each otl ier in the betl ,  btrL are separated by
a greater or less thicl iness of the f ine-grainecl matr ix, any attenrpt to
explain their origin by friction of tbe pebl-,les against each other
snbsequent to cleposit ion is inaclnrissible ;  nroreover, thele is no
exceptional disturbance of tlre ber'[s, anrl the striatet] frngrnents are as
conrDon where they lio nearly holizonttl as rvhere tbey are tilteil.

l'he only other agency by rvliich the frrcets conld have been pro-
duced is that which is at f i rst sight suggestecl by the appearance of
t lre pebbles, , t iz. ice, antl  i t  only remains to see rvhether this was in
tlie tbrrn of coast-ice or glaciers. Here rve must leave the domain of
cer ta in ty ,  nnd en ter  on  tha t  o f  p robab i l i t y .

Prof. J. I I i lne bas shorvn I that, as far as the l ive rocl i  is concernetl ,
many of the appearauces usually consiclererl  chalacterist ic of gltrcier
action uray be produceil by coast-ice ; but in the present cAse we aro
not concernecl lvi th wLat happerrs to the rocl i  in si t t t ,  but with the
effect proclucecl on the loose pebbles and bouiclers caught up in the
ice anrl gtound on t lre sol id rock. Ai f i rst sight the rumber of
str i*tecl faces on many of t l rese pebbles rvould seen to point to tho
action of coast- ice, lbr, alter evely nielt ing of the ice, the pebble
rvoulcl plobably be fixed each wirrtel in a li'esh position, and offer a
diferent lirce lol abrtrsion ; but it is cloubtful rvhether the facets do
not indicate a greater pressure ancl a gleater constancy of direct ion
of motion thancoulcl be given by coast- ice, and i t  is st i l l  rrrore doubt-
ful rvhether they coulcl be ploclucetl  during a single rvinter, rvhich on
this supposit ion is al l  that can be al lowed for each facet.

A nruch stronger objection is the entire absence o[ any sign of the
action of water on some of the pebbles. Hacl the thcets been t lue to
the action of coast- ice forming in wintel anri  melt ing again in
summer', tire pebbles rvoulil every year have been exposecl fbr a longer
or shorter t ime to the action of waves, and t l ie sharp, clean-cut
iunclion of tlre facets which rve fincl rvould have been nrore or less
ablarlecl;  so thnt, i f  the sl iape of ihese pebbles is due to the action of
coast- ice, i t  must have been perennial.  I  need but point out that
coast- ice last ing through winter ancl summer irnpl ies a ruuch severer
cl imate than is needecl to account for glaciers descending to the sea;
a prtori then the latter is the rnore probable hypothesis as requiling
tbe least cl inrat ic change, besides being nrore in corrsonance rvith tbe
evidence derived from tbe appearance and mocle of occulrence of the
bouldels ancl pebbles sbowing signs of glacial action.

f have norv shown that these boulder becls orvo their origin
primarily to the action of floating-ice, that the shape of tlie facettecl
fragments must be clue to glacial action, that sorne at least of tLem
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.1r) never have been erposei l  to the action of waves on a sea-beach,

,,u,t  t t ," t  consequently they rnust have been shaped eitherby perennial

, ' , , , , . t- i .u r ising and'fal l ing rvith the t i i les, oI by a glacier rvhich

,l , ,scendetl  to the sea ancl there gave off icebergs. In either case they

i, , ' , ,1v a chcnge of cl imate rvhich, i f  rve bear irr ruint l  that the frag-

,, , , ,"r i t  rr""o i l l  come from the southrvart ls, antl  in nia.y cases from

i,, , ,r  . l ist"nces, is of a degree att l  kint l  di f f icult  i f  not impossible to

611,l ,r irr  in accorrlance rvith acceptecl theol ies.

YIII.-TII Lownn Prr,xozorc Rocxs xr:e'x, Srrrr,r.

By J. X. M,r 'nn, l \ I .A., F'G.S.

IIIFIE roclis of this area have been previously tlescribecl by Plofessor

I  Hr rghes  (Geo l .  ) [ec .  Vo l .  IV) ,  and sonte  no tes  r rpon t l te  s i tmo

,..r.ro .obioqrently submitted by nityself to the British Association at

Yot 'k in 1881, and publisheci in the Proceetl ings of the Yolkshire

Gc,r logical and Polyteihnic S,-rciety ([ ' r 'oc. Y. G. & P' S. x's_. vol.  vi i .) .  ^
I:uither work was carr ied on this ycar, in con)prny with a party of

( ' i rrnbrir lge geologists, urrr ler the guit l i lncc of PIof. I lughes, and I have

te th,rnh'him and them for much informaiion, arrd lbr the opportunity

of exanrining mrrny specrmens.
tr ' i rst ly, I  ivould-coirect one or trvo errors in my previous pap:r-. .

In the section in Austwick Bcck, a consit lerable thickness of blrrck

shtles is inr l icated betrveen the conglomerate and the calcareous blrnd

vith Phacops eleXatts. These blacli shales lrre really belorv the con-
glomcrrrte, ivhicl i  l t t ter appeiu's in t 'cch l imb of the anticl inal rcpre-

icnt, 'd in the section, though mtr,ch attenuatetl ,  att t \  the black shales

lrtvc yielt lecl Bala fbssi ls, inctuding Ofthis tr, twl inaria, DaIm.
The only deposit betrveen the conglomelrrte and the becl with

Phacops eligans'consisbs of two or three iuches of leailen-grey shales,
irr rrhi, : l r  no fbssi ls hitYe been yet f ,ruuti .

The betls marl iecl 5 in theiection al leady referrerl  to, ancl t lescl ibed

as pl le green shales, are real ly a polt ion of the same series as 6, and
cn,,ioin iilentical fossils rvitb it, and the difference of colour is simply
ilue to weLrthelins.

"[V'e must therJfore strike the beds 3 ancl 5 out of the list of those
rrhich l  correlated rvith the Stockdale shales (Valeutiarr),  and udrnit
that these are rept 'esented at Austwitr l i  only by the conglomerate, the
lcacler:-grey shalei, antl the zone ol Phacopt elegans. That these thin
bctls repreient the whole of the Yalcntian of other areas is doubtl ir l ,
antl it 

-is 
nossible that the representatives of the Coniston mutlstones

are here a'bsent, and that the-pale sl,rtes only are representetl. That
this may be the case is further inilicatecl by lhe fact that_Phacopt
elegans does occur in the higher Yalentian b_eds, as in.the Tarannon
shiles of Onny River, for I  hnve recognized this species in the Jermyu
Stroet \ luseum l lom that local i ty.

I mty now proceed to a more tletailecl description of the. clifierent
rlepositjin ascending order, as seen in the small valley nea'r Aulylgk'
thiough which Crummack Becli runs, and in the maia Ribble Yaltey
to the north of Settle.

As I do not wish to introcluce new naraes' I shall speak of the beds


