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IL-Tuu nDcnNr l)rscussroN oN rEE OnrarN oF Ttrlr 1hltar,avls.

By I i .  D. Or-on,trt ,  F.11.S., V.P.G.S., etc.

f  l I I I ] l  discussion on the ol igin of the Himalayas, stt tr ted by SiLT. I{.

l ,  l {ol larrt l 's re vielv I  of Coioupl l- lurruldts memoir, appears to have
beerr led, by t l ie concluding sentence of that Leview, irrto an ttn-
prol ibable chrLlnel;  for al i 'he in the rcview ancl i l  the sur:ceeding
alLiolos l-ry I,Ir. Ilisher2 ancl Colonel Burrald3 it seerns to ]rave treen
aoolrptorl  t i rat only two theorics are appl icable, f i rst ly, Mr. Ir isher's
r l isorrssion of tho thoory of the cl isturbecl tract ooutainod in chapter x
crl tlrr: lilst rrnrl clraptcr xiii of tlre seconcl edition othrs f'husics of the
l lat ' t l r 's 0'rust, antt l ,  sooondly, t l rat dovr:Ioped by Colouel Brrrrard..
Irrrthol ' ,  i t  is assurned t lrat t)re foruter is clependcnt on the hvpothesis
<-rf a l luir l  calth and the luttcr suclL as shotr l t i  tbl iorv frorn the
hypobhosis of a sol i t l ,  Ir iglr ly heated, and cool ing globe ; the conlrexion,
in cit l rer case, bcing so close that the acceptanco of orte ol othel
h5'1lr- i t l rcsis, of the consti tut ion of the earth, necessitatcs t lrc acccptance
of oue arrcl the reject ion of the othet of t l te theories of the ol igin of
thc l l i ruaiayas. ' I 'his, hower.er ' ,  is not the case; I Ir .  l i ' isher's
trr:r tnr:rrt  oi thc r l ist,urbcd tract, though ol iginal l ,v a developrnent
of lr is t l ret-r lv of a f luid eart lr ,  antl  t lui te consistent with i t ,  is equally
cr;usisborrt ivi th the l iypot)rcsis oi a sol id ern't l r ,  Iol  i t  is ]ral i l lv
oorrr: t : ivtt i r l t :1, lrat t l re substauce of thc nost sol i t l  of giobes rvoult l  not

f, i , ' i , l  trr ,(  { lorv urtdel strcsses of the tuagnitudtr rt t i t l  t lul t t t iorr of thr-rse
irrvoivcd by thc supp,r l t  of t  rnountain langt: suclt  r ts the l{ imalayas,
ir ,u, l ,  orrce suclr t  i lorv comructrccd., thoro worrlcl  bc devclopcd a system
of rlrutsi-Lydrostatic suppc.rlt, and an isostasy causecl by a species of
l lotat ir .rrL, wlr ich is al i  t l rat is demandecl by the genet'al theory or by
tho ailaptation to thc particultrr case of the J:linralayas contailerl in
clrrrptcl xviii of tlrc sccond" edition of tLe Manual of th,e Geologv of
.[ndia. . [ ,  al ,  lcast, have noverregardecl this as lraving auy but a Yery
lcrrrote boul ing <-rn the hypcthcsis of a sol id or f luid corrdit iot of the
in te r io r  u I  t l r c  car th .

On t l ic othel irantl ,  Colonei Bttt ' r l t 'd 's explanation, so far from
boing iu accold rvit i r  the hypothesis of a sr.r l id, cool ing, earth, is in
lcr l i ty irrconsistent with i t ,  and l i is view, that, in such a globe, r ' i f ts
wotr l t l  opcrr by contlact iou f lonr the surface downwatt ls, is tbe reverse
o[ rv]rrtt woulcl actually ttrke p1ace. 'I]re conditiols existing in
a partirlly cooled solicl globe are rvell unclerstoocl; I believe they
rv<;r 'e { irst poirrtet l  out by Mr. Mcllard l leadc in 1876,, but oncc
ir idicatet l  1,hc5' beoarne a t luism, aud may be verl 'bl icf ly exlr lained.
In srrclr i i  gl , 'bo thele lvoult l  be, on thc otter sulface, n crttst,  u'hicl t
l rrs lul ly coolet l  antl  is irrotpablc of further contlaotiott ,  l rnt l  in the
oorrtLo ;r l rettot l  colo, to wLich cool inq lras nr,rt  penetlaled I between
llre trvr,r l ics a belt  oI ruatcl ial  which is gradrrrLl lv losing heat and
corrt lact ing in l-rulk. At the inncr l imit the contraction of this layer
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of cool ing rnater ia l  nust  caLrsc tousi ,ur ,  as a d i r l inut iou ol  tho
eircurnferencc is  tesistc i l  by t l rc  urrcorr ler l  contra l  core I  ut  LIr .  out ,c l
l i ru i t ,  rvhele no fu l t l ie l  cr- ro l ing tukcs pl i lcc,  the cons<-r l i t l , r tc , l  c l r rst
rvr-ru1d be th lowu iuto cornDressiorr  bv t l rc  r .educt i<rrr  in brr l l i  o{  t l ro
matel iu l  6"1611,,  und s,r , r re.v l l , , r 'e  b.Nl 'c . ' r '  these tn,o uotr l t l  c , ,nr , ' ; r  zoue
whele thc l rLdiz, i  aud ta lgent ia l  corr t luc l i t - rus exacl , l . r -  b i l j i r l r {  c  o i lch
other,  so that  the nratcr ia l  rvoul t l  tc i thel  l ro cornplessocl  n,r r  c , r  lcrr r led.

'1 'he 
depth at  th is lor .c l  of  lo st l iL in bcneath the srrr fucc ryr ,u lc l

depeld on t l re iu i t i r r l  terrrpcl t t r r ro of  colsol i r lat iorr  urr t l  thc
tenrpcrature gladient .  

' f  
i ro lat t t , r ' is  apploxi rnatel l '  huou'r r ,  t l r r '  l l r l r r ror

is  t loubt f r r l ;  Nr ' .  I lc , l larc l  L lerLdc,  assurrr iug a terupolatulc o l '  r r l rorr f ,
3,000o F. ,  calcr t lat r : r l  tbo deptL at  r [ , r , r r t  I  nr i ie ;  ]ater ' ,  n l  r .  l r i *hol
ca l cu l a ted  a  t l ep t l r  o f  r l , o r r l ;  0 ' 7  r r r i l c  I o r  r u  i n i t i a l  t c rn I r . r ' r r l r n l r  s f
4 ,000o  l r ' . ,  t L r r t l .  o l  2  r r r i l c s  { o r  r L rL  i n i l i u l  t e r r r l r c r . i i t r uc  o f  7 , { l t l { r o  [ , ' .
Of  these t , l t r te valr res f t - r r  tho i l i t iu l  t . r : r r rPelatule t l ro lou ' r 's l  is  t l rcr
r uos t  p ro l>ab lo ,  : r nd  t ho  c t l c r t l i r l i o r r s  s l r o r v  t i r a t  anv  r i l t ,  r v l r i c l r  r r r i gL t
be  f o r r - r r ec l  by  t e r r s i o r r  i n  t l r e  '  s l r b , cn r s t ' ,  cou ld  no t  l t r l ch  t , l r ( )  s r l l i r c c  i
i t  u 'oul t l  or ig i latc at  t l re ler . r : i  o l i  tho gtcutcst  tonsiouul  st l r r i . i r ,  u ' l r ioh
r l -ould l ie  at  bct ivccn 30 arrr l  50 nr i lcs bclorv the sur{ iLoc,  l r . r r r l  l , } r r r r rct :
exteud uplvalr ls  t rnt l  r lou 'nrvt l r ls ,  but  corr ld not  I 'eaclr  r r ln l r r l r ls  l i r
rv i th in about a t r r ih '  f i 'orn t l re srrr fucu.  

' l ' l ruse 
calcrr l i r l , ious rr t ' i ,  r '  l r ; r i l

any  geo log i ca l  i t t t c t ' o . t ,  be1 ' 6 r r t l  s l t , r t l ' i t , g  t l r a t  t l r o  I t r ' po t i r t ' s i s  r , i  r r r r
o r i g i na l l y  l r i g J r l . v  he l t e t l ,  a r r r l  g t ' i L r ' l u t l l t  co t , l i n s ,  so l i r l  g l o l r t , : r l l o l r j e r l
no  su f l i o i c r r t  c ) xp i t l r l r t i on  o f  t i r r :  s t , r r r t ' l u l u  o l  t l r c  uu l t h ' s  u r r l u  . r ' r r s1 ,
as  r cvea le t l  b . y  geo log i ca l  obso l v i r t i o r r  i r r  LLo  I i ek l 1  t l r c y  I r t r ' ,  l r c c rL
rende tec l  o f  I i t t l e  I uo l o  l h i L r r  ac l r dcn r . i o  l L r r d  I r i s t o l i c  i n t t l r : s t .  b . 1 ' r r r o t l ou r
rescalches in rat l io-act iv i t l , ,  rvhio l r  l rLr . t : ,  i r rc i r lcrr ta l ly ,  provir lcr I  i r  nreans
by  wh i ch  0ssu t cs  ope l i ng  i L t  t he  su l f r r c t  o f  t l r e  ea r t i r  a r r d  po r r c l l l t i r r g
dounwar t l s  cou l t l  be  p ro t l uced ;  I o r  i f  t l r e  ea l t i r  i s  an  o l i g i r r a l l y  cok l
gL rbe ,  ge t t i l g  g radua l i y  w .u ' n l c l ' ,  r r r r t l  c xpa r r t l i ug  i r r  bu i l i ,  l , t ' t l r e
ac t i on  o f  l ad i o -ac t i v c  r r uL l c r i t L l ,  t he r r  s r r c l r  f i s su l cs  r vou l< l  na t , r r r , , l l . v  l r o
f o r rned ;  bu t  i r r  t ha t  casc  no ro  { ) t  l , he  co r r sc r l r . r cuco6  wh io l r  ( ' c , l o r r c l

I Ju r l a l d  has  t l l awu  f l o r l  I r i s  l i l t  u  o r r l , l  t L I l o i v .
I n  a l l  t L i s  [  ) l r ve  t r o t  been  u l g r r i r r g  f r i l  o l  ag ; r i ns t  a  f l r r i r l  i ] )  i r  so l i d

ea r t h ,  b t t t  t qa i r l s t  b l r c  i r r t l oduo t i on  o f  l n  i ne l eva r r t  i s suc .  \ \ ' l r c l l r c r
thc eat ' th is  a f lu i r l  o l  r r  sol i r l  s lobc suorrrs a ruat te l  rvhich eorret ' r  r rs t , l re
cstronomer,  the t rhysic isr ,  01 '  t l lc  rLr :LLlr t ,nr iL ic i lLn,  r r r r roh l ) ror ' ( i  { , l r l t ,n
the geol t - rg ist  l  {or  a1I  thc processrrs r r , l r ic l r  } r is  obse rvt t io l r i  ( l ( ' r r iurd

appear to be er lual ly  cornpat ib le wi t i r  o i t ,hcr  hypothcsis.  Nol  zuu
I  a rgu i r r g  a i ; a i ns t  OoL r r r r : l  S rn ra l c l ' s  c xp la r ra . t i on  a . s  a  u ' l r o l r r ;  i L
t r ray stand wi th the <-r t l tc ls  iLs u.  p, , ,s . ib le l 'ypothesis,  to l rc  t r :s t r :d
and  cxa rn i r ) od  on  i t s  n r r : r ' i t s ,  h r r t  [ l r t r  t es t s  n rns t  r r r os t l r '  r ] ( :  o t
a r tature qui le ur)cor)Dcct ,et l  r r i th gt ;o lo i4- ical  oLsot 'v i r t iorr .  \ \ ' l r t  r r ,
I t oweve t ,  Co lone l  l J r r r r t t ' c l  pos t r r l r r t es  t ) r t :  t r x i s t un ie  o l  l L  r i l ' f ,  { ' } ' r i j r l r ' o ! v
buut l  of  subsidet tce,  r ' t ;uc l r ing 20 rr r i los d, . :ep f r , , ru t l rc  suLlr rcr ' ,  r 'c  a le
bror ight  fncc to fa.cc rv i th a phonorD(.norr  fo l  tvhic lL t ,o l r ' , r 'c  r ro
pleccdent,  ant l  befole acr :opt ing i t  rvo rurrst  bc sat is f icr l ,  r r t i t ,  orr l -1 ' thrLt
i t  cxpla ins t i rc  geoi let ic  facts,  but  t lLat  r r , . . r  o lhc.r  cxplanut iou,  i r r  t : losor '
acoold lv i th rvhat  is  l<nou'u of  thc gec, log-r 'of  the regions,  c ln i rc  Iorrnd.

No ortc cutr  gai l rsuy Oolol r : l  IJrr l lu l t l 's  cc.rntent ion that  gcologists
lnust  take cotul t  of  the lacts of  gcot lcs l ' ,  but  i t  is  c( Iur i l ly  t t ' r r t :  t i r l . t
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geotlcsists nust take count of the facts of geology, arcl in either case
a tlistiuctiorr must be drartn bctrveen thc facts of eithcr science anil
the corrclr.rsiols of individual vvorkcrs, rtni l  again between those direct
arrd iucvitablo dcductions, r ' i r ich have almost t i re value of observed
facts, alcl thc more rettrote intercnces, which rnay roprescnt only
ole, or* a part of one, of the possible explanations. Searing this iu
vicrv I p''opose to re viow, very briefly, the {acts and explanations on
cit lrcl  sido.

Ol t l rc goodetic sidc the facts mav be summarized by taking the
trvo stations l(urscong and Jalpaiguri, 25 miles apalt, ttro first situatecl
orr thc edgt: of the Hirnalayas, the secol ld out in tho Gangetic
al luvitLrn. At .Kurseong t l te obselvecl deflr 'x ion of the plumb-l ine
is 40" to the nolthwards; the calculated effect of the attract ion of
ali visible nrasses, aftcr allorvance is maile for thc efiect of isostasy,
should havc producecl a t lcf loxion of only 23", lcaving an unexplained
resir lrral of 23" nort irerl1'  deflexion. At Jalpaigul i  the observei l
t lel icxion is only t" to the rtorthwards; the oalculatei l  deflexion
shoull  have been B" to the nolthwards, lcaving an unexplairred
resirlrral ol 7" southcrly deflexion. It rnay be weli to point out tbat
tho valucs, both of the observed deflexions and. of the uuexplained.
residuals, d6penrl on thc assumed climensions of the carth. The
l igulcs r luoted aro dedrrced frr-rm the dimensrons now acceptcd by the
Glcat'I'iigonoruetrical Survey of Inclia as tlte nearest approach *'hich
has boon nrarl: to exact acculaoy, but, although the acceptance ot
diftererrt valuos fol the sizc of the earth would alber the figures, no
ridruissiL.rk: varialion woultl rnake a rnaterial change in thc tlifielence
bctrvccr thcrn. 1r'or instaloe, if the earliel values, basetl on the
l lvelcst splrr:roid, arc arlopted, the observecl clef lexions at Kut 'seong
antl  Jalprr igul i  beconre 51"anrl 6" to the north and the unexplaine,l
resir luals 28// to the nolth and 2" to the south, st i l l  leavi lrg a dif felencs
of l]0" as between the trvo stations, which cannot be explaiuetl by
thc oldinaly nretJrocls of geodetic calculat ion, al lcl  is only to be
acoorlntecl tol by soruc local peculiarity, or departulc ft'oru average
condit iorrs. ' lhe explarrat ion of lbled by Colonel Surratd is a deep
antl rrallow rillt, lilierl with materiul of iess density than average
rooh, antl  si tuLLted between the trvo stat ions ; there calr be no question
that thc explanation is a feasible one, so far as the matltenratios
iu'e corrceLrrotl,r for the climinishetl attlaction catLserl by the replace-
rncnt of clensor by loss dense matel ial would causc ttn apparent
ropulsion orr eithel sicle of the l i f t ,  but befole accepting t l i is as the
only, ol c\ iolr us the plobable, cxplanatiou, rve ntust see wlrcther
anothol carurot be fourrcl, in better accortl with the huorvrr facts of
geolr-,gy.

' I 'he geological facts, which are pert inent to t)re qrrestion trnder
oorLsir lel tr t iou, nrav be sirnply expresscd. Al l  along t ire southeln face
of thc Himalayas runs & great fault ,  or series of paral lel  faults,
ktorvn as the boundaly fault. on the north of which lie the oid,er
rocl<s of tlre }Iirnalayars, and on the southern the upper Tertiary

r It rnay be aclclecl that a much lesser depth than 20 miles rvould not satis{y
the conclitions.
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Siwaliks of the sub-Tl irnalayai; antl  tho : l l luviurn of t l re Grrrrrr^ct ic
pla-in. The Sirval ihs rvrle loug ago shou'n, by I{r.  IL ,B. l tor1l ir ,ott ,
to havc bcen folmed fronr thc x'asto of t l ro I{ irnalrLyau t lnlgc, rrrrr l t :r
exactl l '  s imilar contl i t iorrs, ar-r i l  l iv t 'he surrrc Lir.crs, as t lre al lrrr, i lLl
c- lcposits o1'the Gangetic plaiu, in ot lrc, l  n'olr]s to bc nroleiy t lrc lou,o',
older, and marginai,  deposits of t l re sruuc l 'or.uri i t ion, rror. i rpl i fLcd rLrrr l
exposorl to denudatiou. I 'ho t ln'ory of t l ro b<_ruticlary frLrr l I  ctrrrrr i l ,  bo
l-r easurct l  direct l l , ,  but i t  is cortairr lv gr.cirt ,  autl  ruiLr. r 'errsurr i t l , l t  l rc
estinatcd at betrvccu 10,000 anrl 15,000 ioot, say betrvcorr tn,u iLntl
t i rree rni los. I t  ruay exccr:r l  or. 1'rr l l  slrolt  of t l rcsc l i rnits irr  1rLrr,ss,
but is not l ikely to c1o so to {ur) '  ruit torial clcgreo,

On its southcrrr nalgirr t l rc :r i luvium t lr ius out o\ror an old lrLrr i i
sulface. l3otlecn the trvo nlrg^irrs nol, l l i rrg oau bo dctcrminctl ,  by
direct observation, of thr: Io.r* of i l ro r.or: l i  1loor, but tho r 'ost rr. trr.r i l
deduction is, that thc t l i ic l iuess of al luviurrr gladuall f  iuu.olLscs I ' rorrr
south to nolth, reuchirrg i ts nraxirurrrn at t l ro great-bourrdar..y {rrrr l t ,
so that the Gangetic trough nriLv bo le;1ardcrl  rLs lr trving tho f lr l rn ot
a vely acute-anglod rvcdge J.ying on i ts sidc, rvi th thc thicl i  crrt l
towar.ls the north. Mr'. H. 1{. lf.tytlerr hts I'ecently shorvn tlrat l,hc
peudulum obselvations of thc Irrcl ian Survcy supptirt  this irr tcr ' l r lo-
tat ion,r but tvhether this cxt,; t ly I 'el l rcscrrts thc case or no{; i l ,  is
certain t lrat the northo'n l i r l i t  

-of 
LI ic Crrngrt ir :  tr .ough is rrcrr l l  y

velt ical and of a doptir of t l 'o or.t l rrce rrr i lei ,  rvlr i lc at ' the sorrt lrol ir
l imit the thici<ness of the ai luviunr is vclv smal^.

The elfect on the cl i lect i , ,rn of blro l , l t i rub-Jinc of a dcplessior oI
this sizc and shape, { i i ler l  rvi l lL nratcr. ia[ rvlr ioh caunot irar.c a t lcn, i ty
of more tTtan 2'2, tnrrst be corrsider.ablc, ani l  I  huve Larl t lLe cul i , ; ' i t i .
to invr:st igate i t ,  ' l i re rL:t l i ler l  rosults ol thc invcsLigutiurr rv,,rr l ,1
take up too muclL space to lol l lodrrce thern lrere, uor irr .u tLcy srr i t , ;r l ,Ju
to this X[agazine, but t ]r t l  gorrcr. i l l  losult  inay bo int l ioatod. I  l i rr t l
that r i t  the nolthelu l i rnit  of tho plain t lrc el[ 'ect ry'ruld bc tn aplrtr ctrt
repulsion of thc plurn-b-bob, or. i rr  ot lrer '$'oLtls arr applLr.orrt  ci , :cst ' ,r f
attract ion b_v the I{ imnlayus, uruorurt, i rrp3 to rbout i}0,,  i f  the tL'pth
o f  the  a lLuv iu rn  i s  taken-  a t  3 '5  r r r i l cs , -  u r r t l  18"  i f  i t  i s  tn l ie r r  a t
1'75 rni les. I 'hcso values alc not rnatcrial l t .  al leclerl  1-rr.  arrv val ial iou
in the width of the alhrviuu. Orr ci thor'  . i , lc <rf thc bouri i lar.r.  {rrrr l t
the deflcxiorrs decrease rapir l l1.,  l -rut lrore r.apit i l i ' to t l rr :  soutir  t l r ;Lrr
on the nolth, for l 'hcleas, lr t  20 rrr i les fruru t lLe bourrr l lu 'y orr l , l ro
nor t l r ,  Lhe le  i s  s t i l l  a  de f lox ion  o I  s romc 5"  o r  G"  to  tLc  lo i t l ' , v , r r t l s ,
the  no l ther ly  de t lex ion  l ras  rL l r r ros t  r l i sappoar .o r l  rL t  tLo  s r r r re  d is tu r rc r ,  to
thc sonth, to l-re lepJacerl,  st i l l  ful t l rol sorrth, Lry a southel ly r1o1lc-xiorr,
ornppare nt repulsiou arvlr.y f loru t lre I l i rrrt l rryas.

I l rave only iudioatecl l ic lc tLe goncr: i t l  rrrr l ;r .Lrc of thc el luct * ' l r i r f t
wouid be produced, but enough hus been siLit l  to sholr.  t l rat b,rt l r  in
kind aud rnagnitude i t  is vor '1'  sirni lu r to t lrut rvhiclr l ras L,:cn
obscri 'er l ,  arrd fol t i re exphrrrLt ir iL of n Liclr i ; l re 20 nri le cleep r i l t  l r ts
beou oJlclod. Kulsr:ong I ius aborrt 2 rni lcs tort lr  ol thc rrrait
bor tndr r l y  fau l t ,  ,  h lpa i r r r r i  l i cs  i r r  t lL r :  r . r rg io r r  n 'her r :  sou lhc l i y
deflexions should bc expcctecl,  anrl  thc r l i lTor.encc irr t lol lexion, l is

r  l l ,ec.  Geol .  Surv.  Int l . ,  x l i i i ,  pt .  i i ,  pp.  163-7.
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bctween the trvo stations, tlue to the ellect of the less dense material
filling the Gangetic trough, could not be less than 20" and might
anounl, to ovet 30". Trom this it appears that without going beyoncl
the l<uown facts ol the geological structule of the rtgion-facts which
ale independent o{ any theory of the origin of morrntains or the
constitution of the interior of lhe earth-we cau account for nearly,
if not rluite, the rvhole of the unexplained residual deflexions, rvhich,
instead of amourrbing to 23" a:nd 7", would not come to rnore than
3" or4", audthe d. i f ierence of l l0" would disappear or, at the least,
bo reclucetl to one of a few seconds of arc.

In all that has gone before I have avoicled the question of the
origin of nountaiu ranges in general, or of the Himalayas in
part icular, as, although l  enteled on the investigation, rvhich I hope
to publish in detail, wit'h the hope that the lirnit of fair'ly establisireil
rlecluctiorr rnight be carried furttrel into the domain of pure speculation,
1 havc found fhat the geodetic results c1o not givc any rnatcrial
assistance. 'I'hey have confirmecl some eonjectural infelences
legarding the form of the rochy becl of the Gangetic depression,
bub on tlre question of thc origin of the Himalayas, and of the nature
of theil suppolt, the eviclence is too uncertain and equivocal to be of
anv rnaterial value. This rnuch. however, seems certain, that there
is iro Eood eviilence for the existence of a rifb of 20 miles or so in
deptirl as, once the hnown facts of geologicai structure aro tahen into
corrsirleratiqr, the existence of such a ri{t would explain too rnuoh and.
intlotluce fresh difrculties even gleater than those for whicir it was
irrbrodrrcotl  as ari  explanatiorr.  Moreover' ,  we must add to this
negative evidence the positive fact that evel'v obselver, in everY
part of the ran;4c which has been visi ted, has found evidenoe of
cornplession in precisely tliat zone where Colorrel Burrarcl's postulate
demauds extension.

lll.-lfnn ?r,uroNrc Rocxs ol Gltellr, I{rr,r,.

lly 1,]. K. N. Wvr,r,rn, M.A., B.Sc., a,nd AT,EXaNDER Scorr, M.4., B.Sc.,
Carnegie ll,esearch Scholars in the University of Glasgow.

(Concluded frotn the Nouembar Number, p. 508.)

,,{ ' f  vr l ions pluces, sttch as the north side of Garabal Hi l l ,  the two
n Grlrabal bulrrs ( loc. iv and v, I ig. 1), and elsewlrere, remarkabiy
coarsc rocks arc founcl. A good section showing an apparent passage
{roru tontl i te to a coarse l iornblen,l i te is exposed ab loc. v (Fig. 1).
'I'lre rocl< in the bed of the burn is the normal tonalite, which appears
to pass glarlual ly to diori te. A closer examiDation of the rrnweathered
locks, holvcver, shows that t i re passage is only apparent, ancl that
tho tonal i te is clcal ly int lrrsive iuto the diol i te with sharp junctious.
Thc diol i te near thc junction is a rock of porphyri t ic aspect, con-
taining largc crystals of zoned diopside, abundant glecn hornbierde
and fclspar' ,  whi le the amount of qualtz is snral l .  A good deal of
biot i tc is present, so that the rock might be clescl ibed as a pyroxene-
rnica-diori tc. Within a fow feet thc rocl< becomes coarser in texture,
arid the fclspathic content diminishes, while there is a corresponding
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increase in the arnount of anrphibole. ' r 'he iatter is the gr.eerL lrorn-
blende comnon to the diori tes, anrl  is occasionai ly repraced by r 'osaics
of secondaryact ' inol i te. ' r 'his substi t*t ion of f6lspor by ho.rrblr, . i ie,
accompaniecl by an increasc in the coarseuess of thd textule. contirrucs
ti l l  a hornblendite corrtaining about 85 pcr cent of anrprr ib. l .  is
reached. 'l'his rock is exposed for a cliitancc of 20 r"r1,1. tu t}r"
south., and then _the gr.t-runti is obsculccl bv peat, so tliat thr: othcl
margir . f  the dio. i tes cannot be soen. The hornblerrdito c.rrr; ists
essential ly of large^crvstals, ruol 'e or less uniforrn in sizc antl  rrJr to
3 cm. in length, of grecu hor.bk. lrrdo which has wLo11v or r)rrrt lv
altercd to brorvn, thc aitc.. t iorL com'rerLcirrg ir ,val ia)rry f .or,r t l , i l
centle. occasional pvroxone col 'cs al 'e fouud, ancl these ai 'e 9crrcr.ul l1,
surrouncled by a uarlorv lranil ,f glocn arrrplribole, witlr blou,n irc.l outl
and f i r ia l l y  g ree ' ' ra rg i r rs .  ' r ' [ re  iu te is t i ces  a 'e  r i i l ec l  . r , ' i v i t ] .
aggre.gates <-rf quartz, felspar', a'd srnall green ho'rrblcntlcr, rv iilr
occasional crystals of spLone. 'r 'hc l i rrer-grainecl va.iet ies ,f  i l r is
sequence probably resernblecl very uuolr the h.rnblenditc l ' l r iolr
occu . rs  a long w i th_scye l i te  iu  t l r . '  t r lo inc  Gr r t , i ss  leg ious . r  ocr :ns i , r r ra l
schl ieren, rese.t lr l iug those alrt ,a. iy descr. ibecl,  occu' arno.g t lrc
coarscr rocks. These a'c gene.al ly rn.ch rno.e felspathic i l r .1, thc
su' 'ourrding Iocks ancl cortain lorg p. isi l rat ic hornblentlcs up to 6 cm.
in lerr Eth.

'r'he brorvn i-rornble'dc of this se.ies tliffcr.s considerablv lro'r th.t of
the davainites. r '  the latter crrsc the r ' iDe.al has clcveioperl cr ir ,r :ct ly
fron pyroxene a'c1 is i ,varir ibly bro'r,rr,  rvhi le in the forlruor. ,r , ,*" i l
has formerl f i 'om original g'een'hor,blerrde , cl i f ferent deg'ees of tr .rLrs-
lbrmation beirrg visible, r 'aryini l  frour incipiont alterut ioriut the ucrrt 'cs
to oorlpletely brorvn c'ystals. ' I 'hc r. ir ie.uL shows preocrrroisrrr l ro*r
deep brorvu to ;rgl1.n' irh grccn ard has strong atsorption. I  L is
geuelal ly t laversetl  by s-erir:s of paral lel r lar l< barrdi arrarr[e,1 irr l t |Lice
fashiorr a'd l ' i th small  orrtg'orvths, the rvlrole somewrrLi i  rcsorrr l , l ing
at 'bolescent nricrol i tes. ' lcal l2 has t lcso.ibetl  sirni iar stmctrrrr,* i i i
arnphiboles frorn co.n*'ul i  a'd Anglesor.,  and 'r 'honrsons als. f ,rrd
therl  iu holntr lendites f ron wichl.rv. rrr these cases the darh t,rruds
were assurned to be magneti te, fr inrred by the rnagruatic rosot. lr i , ion
o^f p; 'r 'oxene and consequont rcplacerneut by hur.,rblc,rt ie. I  rr  i l r t :
Grrrabal l lurn roch a car.ef u1 exarnirrat ion, irnrier n. 1rig.h pou,cr.,  ot
the enrls , f  the bancls arrr l  orrtglorvt lrs shol 'cd that thcy a, 'e co,,rt , , ,*cr l
of agg.egates- of minute paie-grecrr o. r:ol,ur. less crysir ls, o. icr i t ,rr l ,et l
in i l regular fashiou with lr :sleot to tho nrain di l t ,oi iorr oi thc brrrrt ls.
rt  seems probable t lrat the r,r 'hole o[ l ]re r lrL.k bantls rrrc nrarrcr r* of
thcse  u l i r ru tc  c lys ta ls ,  tho  b lack  co lou l  bc ing  ur ra logous  t , ,  l l r : rL
observed _in so_ure -opaque glasses, rvhurr the opaoiiy is r ' luo to
iuunnrerable colourless long-ul i tos, rvlr ich lrot as lrr is,us irnd cl isrr, ,r .sc
ard total i1._ re{lect t}re l igi t ,  t}re dr:grco of opaci iy var;, i rrg rviLj,  blrc
amount of l ight total ly rcf lecte d.a

i Qegtgly Ef nen, I4'yui,s, etc. (Nlerrr. Geoi. [iurv. Scotlancl), 1912, pp. 1?B-9.2  Dt  i l i s l t  P , l ro '1 ray l ty ,19Ux.  pp .  47 i  9+ .
"  Qr r i , , r t .  Jour r r .  C leo l .  Soc . ,  l x i i ,  p1 t .47J ,J  f ,  l : r08 .

. 
a Cf. Pirsson, ".rrrtificizr,l Lava, Flbrv rr,nil its Spherulitic Crystallisrl;iorr',;
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