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A systematic progr'(lmme for the X-ray fluorescenCe analysis of :,.,ucl<s 
and minerals 

C.S. Hutchison, Jabatan Geologi, Universiti Malaya, Kuala Lumpur 

,.'. " / A. stcmdard ppoced~e, complete Hi th rORTI;W-i IV comP4ter 
prog~., .. ~or tqe cOIPPlet~ analysis of l:?ilicate I'OCKS a~d, mine;r'!¥s 
by th~ fqs~cm, tE:chnique. of Nopr:i,sh and Hutton (1969), is now in . '.' 
regular; 4s'?.;l.n.this ·departmen:t., Copies of the detailed pI'ocedure:, 
cODlRu.ttil';r ppogr~me immediat~1y 4se,fu1 on an LB.M,. 1139 COH:r'lte~~ 
and da1:a !:~.1:leet~may be obta'~ned from the authoI',. " .' . 

Specimen Preparation: A fused disc of th~ rock or' mineral :powder 
isma9~ .r!accC?rrl.:i:ng to th~ procedure of Norrish and Hutton (l969) as 
det~:t.~.sl.i~ .. H~tchison ,(l97~, p, 290-293). The fUsed disc' ~s;.u.se<;i for 
analys~~"J?f all major. ,elem~nt~ from ir'on to magnes ium. . TIle" we:i gqt 
~f. ;th~.:~p~9.j.me~use.4 should be.' close to O. ~~OOg, hut al101-~anee is. made 
in tl}~.,qomp.u1;er.pr.ograf!lDl~;~c;>r th~:'actual weight:: A 'pressed ·pure:.,rock 
'lr ·.~n~:ral. pow4e~.,di,sp,rimmed;~clbacked,by boric acid or ch~Qmato­
gr,apl}~~) ,~~ll~os~,;is ,~c!e. accqrding tc;> :tp~ method.in, Hutchisc;>ri ;(1974, 
p. 265"':'2:~~);,of ~achq; .the .specill)ens ,and 9f one "rock or m:i,neral."qf 
similar composition, whose sodium content is already known from " 
cll~m~QCl,l;.,a.na+ysi~Jc~lled "5he ~~.~t:14ar~):. Th~ .~r7sse4 powd~:r:dis:f=s 
~:,1:ls~4 iiEQr ,sod~umapaJ,.Yf!+s... '" . 

•• •. .• '., . ., • .. ,'.. ". • . ' •• 1,' I • .: •. 

Measurements: The loss on ign.it'i~n' 'of' eac'h spe~iinen' i~' determined by 
w~igh~s~:an. am~un~ .• of "spec~'9l~n ::l?e~~eeI?:. l.~l.ld ~g ip,t() ~ .pla~fnum 
cr9~~lfh, heat:l.-ns~tJor;,30;.1I)i.nl,1.t(:l!i; fl"t: 19000C~, th~n',r~-weighing"after. 
~007ing ."}, ,:, ~(:l pEl;rcent~~~ ,lCl~s'~ri ; .~l>~c;me~<w,~igh!· ~s, 'call:~4' '~pe :~<?ss on 
19lW~i01jl, .Which :.is . pecElssax;y fpp,: t~~ .. ~omputer'. pr.c;>gr~m~. ,At: i~~.~$,t two 
loss::'~n,j ;gpi1;i,.pn<rd~te.rmin<i~!ons. ar~ ,made,~I:ld Clverag~d. .,.: .... J·.'c. 

. . ' 

' .. :·;.~-".I .. :':i,.; :.:~'~":'" ~.'. ",. i:",1 :''I.~.\·,I ;'.; _.; :,f ; ,'.,' . . J:"'" r,:! 

:,., rl; .. ,A+~.X-Ray fluore~penc~me~~urements a~e :made under vaquU!!} with 
a gas flow counter. The settings 'used are 'those' of Hutchis9n(~974, 
p. 304-305). Specimen holders used by the author al~e of aluminiUm 
and all have been checked to give identical count rates for a standard 
specimen when placed in the different spectrometer' chambers. For each 
element in tUI'n the pulse height.analyser is precisely set so that the 
energy peak is set symmetI'ica1ly in the window. The window is of 
width equal to 2~ times the peak width at the half peak height. A 
fused disc standard is kept permanently in spectrometer chamber 1. 

Warta GeoZogi VoZ. 1,., Jan-Feb 1975 
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:.:. I:.···. 

Announcement 

. :\~In~ 'futl.we the newsletter of the Persatuan Geologi Malaysia, , 
'·:(G'eoiogical. Society of Malaysia) will h'e known as \-lARTAGEOLOGI 
whtqh,~ll.Bahasa Malaysia (Malay) means 'geological news'~ As 
. our: S'ocfety:' is the sole national associatio:n representating 
M~iaysia'n earth scientists it is appropriate that the names of l 

our publications should reflect the 'national identity and so 
have tQ .be,~al~sianized • 
. . .... ' '\ ~ '" . . ".' . .' ~ 

I ' 

.. ~:,. ~e pt;'~v.io.us· practice of numbering Our ~ewsletters. will '~be . : 
,,,', dis'continued. Instead a more systematic method will be adopted" 

'fo:r. 'Warta Geolog:L:There will be six numbers ofW'arta Geology .: 
. pe~:'ye~ - Jan-Feb~: March-April, and.: so on" The. six numbers will: 

. . ... form' po volume. . The .first 'page of a p.articular number or Warta 
:.' .G~'o1.o.gi wi,ll be numpered 'irmnediately a~ter the last page' of thep 
, : preceding j number of Wal;'ta Geologi of the same volwne. Pa:pers 1n . 

theWarta Geologi should be quoted intbe following'mann,er: .... " 
~.' " .• ; .'" . . • • • . i:' 

bh;~1<.W.P., Yeap, E.B.and 'Hoskin'g~ K.F.G. {1975) The behaviour' 
of secondary lead species when subjected to the tinning ·tes·t· 
for cassiterite. Wari:a.Geologi,:Vol. 1, pp. 4.,.8. 

; ~ f 

'.". :The:',inasth~ad of th.is number .·of WaX'ta: Geologi "is a tempo~rY" 
,one. ",.All membeX's aX'e invited to ~design. the ma$:~head and send· 
the designs ·to the EditoZ' as soon aspdssible.The designs";, . 
should'bear the Society's crest an40n1y the wOl"ds shownin'the . 
pZ'esent number. The size' of the letters of Persatuan Geologi' ': 

. Malaysia, Warta Geologi and news~etter of ~he Geologia~l Society 
, ". of Malaysia"should be similar to"those snown in the masthe,d of 

this issue.' '. 
,", 

, " 

.! • 
l ;,,' 

.' " 
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,The author' uses a disc cc.tlled rS-60, which Hc:l::i supplied by Dr K. NOl.'l'ish. 
This standard disc is kept in a dessicatOl' I-Ihen not in ust:!. For each 

',element in ,turn, a check is mdde th,1.t 2(-) of the goniom,~ter is properly 
set for maximum readin3~ and that the high voltaGE: of the gas flol-l 

'counter is.on an operatiug plateau (see Hutchison, 1974, p. 296-298). 
The pulse height analysel" is set aeeOl'ding to instr'uctions in 
Hutchison (1974, p. 299-302; and 163,..166). F.:1ilure to set the pulse 
height ,analyser pr>oper>ly by this procedure ,Jill undoubtedly r>csult in 
highiy inaccUl'ate r>esul ts. Each speciO!(!O is counted for each of the 
following elements in turn: Fe, Mn, '1'i, Cd~ K, S, P, Si, Al and Mg. 
Counting time is given in Hutchison (1974, p. 296-298), Hith the 
additional advice that the times may be extended for rocks that have 
low'oontents of any particular> element. During analysis it may be 

'noted that ,a fall in the coun:dng rate of the standar>d is exper>ienced 
; with successive batches of specimens. \1hen this oCCur'S,.' the detector 
high voltage should ,be slightly adjusted for optimum count r>ate. ; In 

!addition.for P.E.T., K.A.P. and Rb.A.P. crystals it may be necessary 
to adjust the goniometer 29 to regain the maximum count rate from . 
time, to time. In addition.' to counting each rock ,or mineral specimen, 
a disc made by the fusion pr>ocedure in which 0.4200g of pUl'e pm.,rdered 
quartz (or pure Si02 glass) is added instead of the rock or mineral 
powder, is counted ~n the' same ,.,ray for' each element. In addition a 
,similar"disc made withO.4200g of powdered Al20 3 is counted for 
silicon. These counts give the background corrections fo+, the 
co~uter ~rogramme. 

,< : '" . ;',~' . ;{.,~ .; 

"'The'spectrometer'is now carefully set for sodium analysis (see 
Hutchison, '1974, p. 302). The pressed powder standard sho~~d be an, 
international ,or depnrtmental standal"d) kept in spectrometer chamber 1. 
Each samPle powder disc is compared with it, with 29 set pr~cisely 'on' 
th~ Ng' peak ,then 'background determined on each disc at +i .200 and" 
-1.20 29. A soan should be made on at least one of the discs to, 
determine that .±.1.200 from the peak position is a suitable interval' 
at which to determine the true baCkground. If another peak appea,rs, 
in that region, another nlOi'e appropriate :i.nterval should be chosen. ' 

:,·Entering ; the Data : The data are no,'1 entered on four consecutive .' 
'I.B.H. oards· .. The computer dC9k is than made of: Card 1 = //J9B T~ 
Card 2 .= /1 FOR • ,: Car>d 3 = ;"IOCS (CARD, 1403 PRINTER). These intro,­
ductory cards are follo\'led by the deck of 173 X-R-F programme cards. 
This is followed by a card / / XEQ,., fo llowed immediately by all the. ' 
data ,cards: in their 'order> of 1 to 4 each. Two blank cards must .. " 

I 'follow the last data card. 
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.I.' :Print .out; '. The foll9wing details Ctre printed out: Specimen number, 
·:im~orreC1=ed.Q~ide percent, cor't'ect~d oxid~ percent, and the 'specimen 

· •. ·.i-we~gh1;used: •. The corrected oxide percent gives the specimen analysis 
. :c~mP.l~t~ly cOJ'~ected.· f9r. specimen weight, cOWlter' ,dead' time, back .... 
· groUild;'~nd inter-element absorption effects. The. corr~ctions -are· 
· i:teratea :'foUl' times by the computer using the su~cessi vely new yalues 

" .9bt~:tne(H St~le values obtain usually ;3fter two i t·erations. . The . 
J'finai"~w :Should give ·the. correct .analysis of th~ specimen, provided 
· that,:pI'Op~r procedure' has been· observed, in all st'eps' of the sp~cim~n· . ' 
'preparatiOn, ~d X-ray counting~ . . ~'.'. 

. . ~'t;:, .. ',' ! , '. ·f .• I I • 

l>{scus~ion'i .... The par1=ic\.llar standal'd fused disc is rS-6C Cllad the' .: . 
.; :> PrOgr~" is. writ·ten. fo.r· 'it. The author can supply details of' how., I 

!' t<""inodiry. the programjn~.·'for another standard. The progranune. cOJ'rects 
"for' a.$as·;fl,_ow.:coun:tta~:dead time'· .of .000003 seconds~ ·Should·.the ':dead 

.' t~m~r. be: different· froin- :th~s, the pro~amme will have' to be. modified 
'accorctiil'g¥o details available :fI.Oin the author. 'It is important. that 

· all'·: ~nterEj~t'dat~ be coUnts per SECOND, and not for any other time,.' 
~:'Ptii~isfil the' ilJ'ogr~lDlffied dead time corrections· will' be WX'oug. ltds 

" l~mOst iPiPort-ant t'o- correct for, cQ\,lnter dead time. Failure'to do·.so. 
. cart , ~.s~lt: in grossly' in'acoUrate analyses if the stand~rd an'd ;',' ,.!' 

specimel' "~~ not, -a;lways. closely: s.im.ilc;.r. The incltis'ion of a d~ad " .. 
time co~p~ion' a,110ws the use ofa single standard. for all t'ock:,and 
mineI'al' variations. ., " , : : f 

, , . "" '" I .,' '; ..... 

, ' .. 

... No~i~h ~d Hutton (1969) I'~ComrnendthatMs b~., ~etermin~d with 
aJ) ADP ~~$.1=al .and with the detectoI'v01tage increased. to put the " 

. ·eneXlgy peai(..off-Centl'e in. the pulse heighta~al.ys~r window. '!'h'e" ,~: . 
, autllol"UI!1~S ·.an Rb.A.P~ cI'ysta1 foI' both Mg and Na analysis andit':,llas .. 

J 

. , 

I, bEjen ,found' ·that the best pea~ to baokg1:'()und I'atio obtains ~h'm the.: ..' 
energy 'PE?4k 'is . set exactly symmetl"ioally1n the winddw. . rOI' a~l . \~ 
.,1En.ntl 'thfl window is call.fully set at 2~ times the \,lidt~ of ·the. " 
eneZ"Syi~eakat its half height. Rb.A.P. gives aonside~ably i~~ved 
c;let$at1on of p01;h HS and Ha ove~ K.A.P." For' both of these 'ct'ysta'la 
caN' must be,·'taken to set the detector' voltage. A slight. incI'e~se· i . 
of vO~'1:agEl .. will cause the bacJ<gt'ound coun~ rate to increase dr~matical1y. 
There:fore'~ :. it is X"ecommended that after the energy peak has ~~~n. .~entred 
'in the'window, readings on· a blank be made to obtain the.lowes1;· back­
.srouIid·co~t rate:by slight lowetiing'of the detector voltage. 
, .. . '. j • ~.. : ". • .i . I .' • • • 

. . ' 
Acc~a~y: :. 'Several ' international ,'and departmental, rock standards : have 
been analysed' using this programe. High accuracy, with less than.: 
1% relative error, has beEm obtained for Fe ~ Mn, Ti, Ca, P, S ,.,Si .and 
Al. The accuracy for K is not so good (usually less than 5% reiative). 
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Accuracy for Mg and Na at present is poor (usually less than lq%' 
relative), but this is thought to be due to deteriorating performance 
of the authoris gas floN counter and not to be an inherent fault in 
the method. However high accuracy Na analysis by pI"essed rock disc 
methods may never be attainable because the effect of particle size 
cannot be eliminated and at present no inter-element corr-action is 
made. 

j ',.'':. i ~'i 
',1' I ';', ;": 

I, 
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The';·behciviotW : of~, secondar.y . lead, species when' s~.jeqt~d. to, the. .._ 
;'!;iinning itest:·toll ciaesite:dte :: " ,~, " . (~. ;I'.", \, _.' ;:.;~, 
1':: i. ~.'.r··~r"i ~:.~.: .. ' .:. " .~ . ." , , . , •. , I· j. .. . 

. "i!· ·K;W~'Pf:Oh~-'E.B .. :.Yeap .. and· 'K.oF .G. Hosking,. ,.Ja1;>~ta~:.Qeolbgi t ;4nivers~ti 
Malaya ~~ ~~la Lwnpur' ,. ,. -' : : ',' !, ,;: " ': "! 

....... : I.· 

. \':';,: ': :', :,' ,.:-~/t3e~~XlallY ; but not invariably, it is P9ss:Lble t~AEt'te9t . grains 
of cassiterite <Sn02 ) in a composite sample by subje'cting :tqe. lqtter 
to the t tinning test'. This: test .. "which has been discussed at some 
length by Hosking (1974), may be carried out. in . a variety of ways, 
but a convenient one is to place the sample, ~r a representative 
portion of it, in a zinc tray,:and then' cover the grains with 1:1 
HC!. After a short time, which depends OP' i; .l1-y.rnber of factors, but 

. which is normally less than 2' minutes, andrnqy "be much less, any 
cassiteritegI'ains"present a;r>e usually coated. with a grey matt layer 

.'.'.;:,O;f.~~~J.emental·' tin.· . The reaction invobred· is, generally expressed as 
", . 

Wal"'ta GeoZogi. Vo~. l~ Jan-Feb 1975 
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~-'" '..!-.:--

follo~s': ' 
, ': I . -. • { , . ~ 

I ~: 

':.:-. :.1 ; 
, , . Sn02 + 4H· 

" .... 

.' !.' 

Recently, when a concentrate of heavy-mineral. gt'ains, which 
had been collected by one of us (K.H.P.O.) from the Klian Intan area 
of North Perak, was subject to this test~ not only were grains,tinned 
:that visual examination had suggested Ner2 cassiterite, but, in 
addi:tion'lt ceptaip bright ,yellow grain:::: were also coated with a.: mi3.tt 
grey metallic·layer. 'Initially 'it was thought that this latter coat­

, ing might also be tin, but more ,cal'eful scrutiny indicated that it 
·:,1\tas."ribt'tin-grey in colour, and as the yelloH grains .were quite .. 

unl'ikeiJany cassiterite any of us had ever seen', it was decided to 
in~~tigate:the:lllatter :further! . 

A powder pattern of the grains in question indicated that they 
were pyromorphite, Pb4 (PbCl)(P04 )3' and this was confirmed by appro­
priate chemical tests. It was also confir'med that the cOating was 
lead by subjecting it to Feigl's sodium rhodizonate test (Feigl, 

·1954, pp. 385-6). ' 

It was also demonstrated that anglesite, cerussite, mimetite 
and vanadinite (the only other secondary lead species that were 
available for study)' also reacted' to ,the test in question in. much .;' 
the same way as did pyromorphite in that they all became coat~Q..w;th 
lead. In addition, after' the termination of the test and :removal of 

:·'the' '~ains;f'!'om the" zinc tray. the floor of the latter' may be lO,c;:c;t.lly 
dark due to the deposition of elemental lead on i,t. . ,'" 

, 
In the laboratory, at a room temperature of 240 C, the times, 

in seoonds, taken for cassiterite and grains of the lead species, 
hcitedabove, to become coated, when subject to the,t;est \undell~~v!ew, 

. 'were as follows:' . 
.. '.. . .... 

•. l '-,' 

',' 

'-:l . :.:.!.: 

Cassiterite 
Anglesite' 
Mimetite 
Vanadinite 
Pyromorphite 
Cer'ussite 

,.:-I.J> - .'j . 

. ... 
. -.t • 

15 seconds 
25 II 

-' ~ -

45 II 

.60 " '. "i 

50 " , ,." , 
va~i able. ,Some. grains on.1.y.. . 
partially coated after 2.minutes 

, .. 
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;:1::., .... 

',' . :,'. A' further set 
• "to' discovering how 
,'when' certain other 
: pfthese '1;ests ~nd 

(i) The HC1/Al test 

6 

, ;' 

, '. 
"~. !'.' I: 1" 

,,'( ", !' ,,' , When' grains of the lead species in question werep~Glced in 
. ., ~." an alum~~lium dish and covered with 1:1 HCl they were cQated, with 

.~ !. ,.' I .,..' . , . . 

"', ' " " lEil~d .rather more rapidly than when a zinc dish was' used. Hqw,ever, 
. '{l. j: :::\:,;:. ];>art,~al co,atin~ of grain: was not. uncoriHn~n and the deg::e.e" o'f' ' 
"',1 " • .'.,~<;!oat~ng of gra~ns of a g~ven spec~es dur~ng a testvar~ed 

I, 

': i . ~ 
;, 

, ,... . ·considerably. ' 

roo:' 

.; .. ,; 
, When ,cassiterite grains are subject to the test th~y are 

rapidly coated with tin . 

The HC1/Fe test 

Hhen grains .of 
. .., in an iron dish ,and 
" ',d~ve1.oped either in 

:.' t" 

'-: .. :1 .. ,' .' 

the lead minerals noted above were placed 
covered with 1: 1 HCl no, metallic coati~g , 
the cold or on warming; 

,:Cassiteri te 'also reacted negatively to thh test. .' :; 

',' (iii)' : The' HCl/M~ test 
, . 

When grains of the secondar'y lead species Undl;r review 
together with magnesium ribbon, ~'iere placed on a watch-glass; 
lind .1: 1 HCl was, added, no coati,ng <!Jf the grains was, obaerv~d. 

Cassiterite also reacted negatively to this test. 

The problem of differentiating betHeen CCClted cassiterite and coated 
secondary lead species' 

If a given person knows how secondary lead species behave towards 
the zinc/dilute HCl test, and if he has an average ability to different­
,iate oetweengreys of different shades, then he will not find much 
difficulty in assessing the percentages of lead-coated and tin-qoated 
grains in a cotr.posite sample that bas been subjected to the test ,in 
question. The writers are of the opinion that differentiation between 

.. 
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lead.:-CQat~,d:· and t~n-coated grains is somewhat easier after.tl1e sample 
··ha~: J:i~~ll;dr:i,.ep. •. Of cQqI'se~ the finer the grains the more 'difficult 
·d.oe'$;: "i}l~S ·4ifferentiation J:)ecome. On the other hand ~ if the coated 
"grains" a:rec'oar~e t. then 'rupbipg them \'1i tIl. a .piece of' c.loth· burnis.~es 
. the metal coats and this 'makes it easier '-to' determine "whether a given 

one is lead or tin. 

· _. :"'" .'l;'be:pr~sence of .. $e.cond~ry lead mine~als in a sample' of grains can 
. ;i~·,bi:.r,~~4l;ly;; .. c::'9nf~.rme4 b;l.,applying the Ki(di;. HN03 tes1; (Hosking,- 1957). 

· .:;,!\·.~)T9.;P~;'Y'.~:9u~".thlS. :.tes.t ~I!lmerse the. sampl~ .. ~n fre~hl~";'l?repa~~, strong 
· Kt .. sol\itl.on,·then add 1:7 HNO uIit~lthevolume ~s '~ncreased by.c. i. 

Most'_~~q~n,da~ad .~pe.cie.s . s~ain a., br.i lli ant . yelioti .,alm9st ; immediately ~. 
Little 'or no 'agitafion is 'necessary ; and the test can be' :qarried out in 
tl:l@ fieid on a saucer, pan, dulang 01' vanning shover'. 

'.,':' 'iKf'~e;'~ is ample h~s be~n thus te~tE!d' it, may swje'C~ed to tHe in/ 
Helone after it has been washed to remove·the excess Cif'KI 'and HNO • 
Any yellow"c6ated lead-containing grains will then be .. rapidly coat~H 
with elemental lead. ".:' .... ' t,' 

. . f· ;·:·.:i<iIl.~n':~'Q·cieq.v'o~' :to faGili ta't~::' di~f~~entiation" be'tween lead-coated 
atl'cl" tin-coated grains (,attempts were made to. 'so s~airi one '01' l?oth types 
of metal coating tQat 'the' two displayed marked differenc'es' in colollr. 
The KI/HijQ .test, noted abqve, and the sodium rhodizonate one (see . 
Feigl, 19Sa) formed the bases of several 'experiments aimed at achieving 

.. : this end.. Alas,. none of these yielded results which, were satisfac;tor,y. 
• ,. " . i. •. J. !. . 

~h~~ .:l)cit~.~. conce'rn~ng . the tinniJ~g t~st 
.:;,.,','. I{'ls0f'interes't·:tonote tihat'i'~hen ~ains of the:secondaJ:iY , 
c'oppel' m:i.net'als .that; were available to us (namely, malachite, a~urite 
and, cupit! te) were subject to the Zn/l1cl test they all become coated 

'. with a dull reddish-bl'own coating of elemental coppel" • 
.t.' . ,.. ! -: ',.: I.. . ::" .: .:. '. .. ' : -: . ." , " ' , f i·:1' J.i'".; 

Although the silver haloid spedes (cel:'argyrit~., emboli;:te;::'i;i1;·g.) 
'.. were. not availab~e for study, the writers think that were theys\ilijected 

; ;\.;:. ·!t9 ,the':test:under consideration they.· might become coated with elemental 
. ! :··:.·silver.·.Thisis- not entirely a matte1; of academic interes·j: as.: suc.ll· . 

" :species.i'may be, associated, albeit ,rarely, with.cassiterite., _:rl}~.for 
. example;. cerargyritE!' ~AgCl) lOGally.,occurred with cassiterite 9't,.tne 
Perran :~ilver Mine ,. .. Cornwall" ('Jones., 1925, pp. 126-129).., ,.:'",~: 

.. 

. < 
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It is also not irrelevant to remind the reader that grains of 
tungsten species, excepting those of members of the ferberite-wolfra­
mite-hubner:l.te series, become s,uperficially reduced to a pale~blue 
compound when subjected to the Zn/HCl test. (Hosking, K.F.G. 
Unpublished studies.) , 

Conclusions 

As far as the writers are aware t!1e behaviour of :,econdary lead 
and ,copper species to the tinning test has not hitherto been recorded 
in 'the 1iterature. From the points of view of 'the tin prospector, 
miner and'mineral-dresser the reaction of the secondary lead species 
to' the ,test~,in que'stion is important because' on superficial examiner­
ti6n"Of 'a heavy-mineral concentra'te it would not be difficult to 
overlook the presence of certain secondary lead ,minerals, for example, 
cerussite." Were ,this to happen, then, on applicat ion of the tinning 
tesf~"such '~ea4 grains would be counted as cassiterite. It is also 
t-o "be" ;remerrib~redthat' lead and tin species are by no means uncommon 
natura]:'" associates. In the southeast' ASian Tin Belt, +fo; e'xampie ~ . 
such an' associatioD is well-known' at~~Ulu Sokol' '(Keiantan~'r1alaya,) 
'and at Pinjok and neighbouring mines in South Thailand ~ " " 
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LET T E R TOT H E E D ITO R 

, 
.,' 

I" : _ '.J ~ •• • ' 

Dear Sir-, ,', 

Stratigraphic No~nclature, New Spelling of , 
- Geographici..Names: Remarks 

, .. !f,:-om' am6ng th~'mariy;aspect~ t,Q b~ considered by a 'Malaysian 
conimitt~~on ,~tratigraph:te no!penclatur~ whEm this body' begins , 
(hopef~lly' sotm) ,to forniaiizevariolls ;types of stratigraphic units 
in tl)e country ~ I should like tos~ngie:, 'out the geographic component 

,of: Ii thostratigraphic names. ' ' , 

Arti9le S of the Preliminary Repo~t on Lithostratigraphic 
Un~1;s, l;ntemationalSubcommission on Stra~'igraphicClassification" 
Repqr"!; no., ,3 ,(p.lS il970) states that 'IITh~ ,geographic~cornponent of 
an es't'a.'blished Oli tho~t:r;'atigrCl-phic name ':S,hoUld not,: b~ 'changed ". The 
article is th~n explained by four paragraphs as,follows. 

- . ..,.."".' 

A. Difference in spelling of geographic names,according~o 
the report, should be settled by adopting the form accepted by a' ,", 
majority"whatever the locs+ spelling or the original spelling in 
geological. literature m;ght be. ' 

, " , ;r str~mglY object ,against accepting this ruling' for strati-
,'graphi6 no,menclature,~ especiallY so in Malaysia. There are' three 
major' parts in thi.s opj.;c'tion. Fil'st ~ the';msjori ty of pllscticing . 
geologists in thtl country are until now non-native elpeskers of ' 

,Malaysian (i.nclUiUng writer). 'Several gd/)~";I'aphic names have been" 
p't'obably, unconsciously, ~pe:lled i:1,ccordin'g ':to th, E~glish uSftge. ' ,; 
Johore instead of Johoris a recurrent example., 

, Second~ geographic names of foreign origin are being 
replaced by local names. Apart from a ~atura:l urge to establish a 
national identity) this name-changing has practical reasons. Several 
'unpronounceable' names have been Malaysianised in the past. Examples 
like SUngei Selim (Slim River) and batuan Kroker (Crocker rocks) sound 
farcical but are unfortunately true and have been used. The process 
of recin:istening proceeds slowly but ~lemay expect that almost all 
foreign-sounding localities will b~ renamed eventually. In order not 
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to get caught with an obsolete name, I suggest that the committee 
assign Malay geographic names to the stratigraphic units. Fortunately 

. the Kennyl'li).l formation has not been formally identified; Buki t 
T~~u Q~D~mans~~a ar~good substitutes, I feel. 

. '.. . 

~ ',; ~ ; .,', .' 

,- B~:' This paragraph in the report st~tes that Ch~g~i~' 'th·~f ri~me 
of a geographic feature does not.bring abQut Chq.nge of the.c~res­
ponding name· of the stratigraphic unit. . The ~·ame objection avp.+ies 
to this paragraph as to the previous one. Aren't we .lucky,that ~any 
formation names have not: been formalized yet! : ." . 

C. Disappearance of a geographic feature aoes· .. not ~l1tail the 
disappearance of the corresponding name of a stratigraphic.unit. I 
believe we all can agree on this provided the stratigraphic name has 
been Malaysian. !.'. 

D. Spelling of the geographic component of a lithostratigraphic 
name should conform~ the usage recognized in the country that contains 
thd type loca~ity. Such a ruling ·shouldbe.fully supported! 

.' 

One last remark. The stratigraphiq code which. we geologists in 
Malaysia would adher.e to, should also insist that formal terms like 
group, formation, meml;>er 0 and bed should be tI'snslated· When the'· 
language used is Malaysian. Translated teI'ms could be ~, fOI'rnasi, . 
anggauta : (!'" lapis an. , I . 

. ~ . 

H.D. Tjia 
Jabatan'Kajiburiii 

.' 

. ,. '," . Universiti' Kebangsaan Malaysia 
. I ; .. 1., 
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.'~REPORT ON THE INTERNATIONAL·MINERALOGICAL ASSOCIATION 
. ' . 

. , ' , 
:i I '~ , 

, , . 
':.} I, ~;~ . '." !·t ;. ~'" . .' '" :.. . 

The Ninth' General Meeting of the International'Mineralogical ,.' 
;; r! Asso,ciation (IMAJ ,~as,. helci ,in Berlin' and Regensburg; . Germany ,: in .. .' 
,'"Jr.':Sep~~Jriber ).974 ... Malaysia was not represented ;at. this: nleet,ing~,. ; , v: .. . :C, •• ' ~ .... .' o· ," • ,.' • ,_ '.' • ' " " " ':, ,'.' ; _ :. '.. ,) 10', 

~1;·'"'' f:..- .. :..;::; :".' '. : .;". .' f" • •• ·,.t-.;, . : 0 •• , ~"'I 
; ,I;,t ~s,.hoped that closer 'futureties with the J;,MA Wl.ll gain ,;',. 

gr:eat~J',bepefits :for Soc:i,ety mernber~ irithe form of up-to-date' 1:, I 
• .&. :; "1 •• :.. ••. :. ,I • -. ..' . ' ' . .: ,. '., '. ,.' r , • 

,1;nf9~~;t.<?.n ~n developments,1n mJ.n.er'alogy. " '. . ,.;c,.' 
• •• • ......... < '- .' ••• '. • ! . '.' ., . ;, . '; ~' .. o. ~.: 't', .. 

, ,',;I~~\:; :,··'tfiEt¥~~16w~ng are ,the member countrIes of the. IMA: :,:'1' ',,",',:><\ 
" • J o. I # / ••• .• , ~'. • " ' . ' .' ~. • ,j , ' ~ . . •. -: • • • .. .: f .', '''., ... 

d:. lAtistralia,;,Austria, Belgium, Brazil" Bulgaria,: Ccmada,:J!ze~h<?f3lqyakia; 
Denmark, Egypt, Finland, France" Germany (FGR) " Gerriuil}Y ([)DR) , , 

',:' Hungary;' India) Italy ;'Japan', Malaysia, Netherlands ~ New .. Zealand, 
::f'lfoMy; iPdland " South .:Afir-ica ~ Spain, Sweden, ,.Sw,:{. t~er.l.i::J~d, UQ.::i ted' 
;'~rigdOm;'·United Sta'tes';1'and··U . .s.S.R. ',' : l',' ':J ';, 

':., L i·'NominationS".foI!· the" Officers of ,th.e IMA for . the period +97,.4 :,~9 
;~r;,cl·978·we~e:'·' ". :.: 'C,' ,',", , c': 

. " 

'. , 

President: V.S~ Sobolev (USSR) 
':i.: ,r.', Secretary vi.HaI'jorie HO.dke!l,(USA) 

, ..,. ;TreasuI'er ~ . 'L • G'.; BerI'Y' (Canada) 
'; Councillors:' D~IS .;,Coombs(New Zealand) 

Manuel Font-Altaba (Spain) 
.::;,'. . R. W. Howie ( U. K. ) 

, . ~ ';,'" 't.· ,". Ichir.o ,.Sunagawa (Japan) 

" :.1 ,. ,i',: :.·:l 

,,':,r 

.,','~ i ,'.J 

' .. ., 

,·i."·';I>", ,:.;,'; ;:""':"'i:;:-' .... ,:,- Josef':Zemann--(Austria' . 
'FirstlVice,,:,President; " Claude' Guillemin (Frallc~). 
Second,· Vice-President:' Ma%'io Fornaseri (Italy) 

;,;. " ,Pas:I:' Pt'es'idont: '" HU/io, ,StX'unz (Germapy fl\G) , 
.. ;' ;' \' '., .• ,.: 1 -= i ;' .. ! ~ .... ) , r I' ::: . I .•• ;' ,',.' ; 0' 'i':1 • \: '. , ., l' : '.,> " " • 

,~t'osrese 'ofi,t.,he' IMA ,.!;I·',"':,; ::., •. 

..; ~ -. L.r 

: ~, '\ ' 
. ~.' 'J' • r' ' •. 

. :.:,!. ,i ~ I'" ' , ~~' 1" ; I' .. ' ";. r i 1;:.: •.• ' '.: :~j:( .:, 

A Thesaurus of mineral names is actively being: compiled •.. ': Y 

A World Di~ectory of Mineral collections is being compiled. 
" j"'j 

:.~,. "I r ,: I 

, The IMA 5et~ the rules for and authenticates or rejects new 
minerai mimes~' This is an important task which many mineralogists 
ar~'not; awa're . 'Of', .. 340 neH species Here approved from 1962 to 1972. 
324 of th~se'were published by the end of 1972. Pubiication has to 
await approval. Unfortunately some new minerals have been proposed 

" !, 



t.. , ~'. 

~ .. ,--..... ~--•.• .:"\;",' •..• ""r-

and published without approval. Since the Geological Society of 
Malaysia is a member of the HiA, it Hill first transmit to the 

'IMA any manuscript in which a new mineral name or species is 
described before the manuscript can be considered. 

': As' the new national I1epresentative for Malaysia, I intend 
. :", '.to·keep in' .close touch ,wii;:1,1 the H1Aacti vi ties atidto report to .. 

~ 'metnb'ers through this, pu.bl:tcation any acti vi ties' of' the IMA which 
i .. ~sh6u'ldbeof interest to the member·s. . 

>, f: 

, . If any member has any queries or suggestions on miner'alogy, 
'. he'i's' welcome to direct them to me c/o the Editor. 
:. ~'·~'I. -I: .' ": i. ' 

,. ,;,: .. , "'!nAprii 1974. I attended a meeting in London on Reflected 
Light· Microscopy.. The following papers were . given: . 

•.... .. '! ...•. < .' .' • 

E~ ·F'.' Stump:E1: 
, ! , ; ~.,; .. :' 

N.F j1-:: "Henry: 

p ;R'.~ilJlP'son:' 

J.B. Nelson: 

:IOre microscopy todayil 
. . , . . . 

;IQuantitativE! c;olour}~ ore ~icroscq];ly:r 

;:Nece~s~ry theory in ~eflected-::light micI,'C)scopyll 

IlApparatus for the microscopic, determi~~:l:~ion of.' 
ore minerals;' 

12 

N.F. Henry & 
S.H.U. Bowie: 

. :Tables and charts in the microscopic determination 
of ore minerals;' 

J. PIIins ::' 

M. Tarkian: 
, ",' . . ~ . 

J. Prins: 

i A punched card system for· the' microscopic determination 
of ore minerals;' 

I 

"A new key-diagram for the microscopic determination 
of ore ,minerals;; 

LA new method for polishine ore specimens il 

Completewrite~ups 'of these papers hav~ been sent to me. If any 
member';is inte:&es1;ed; the Society will sendhim a' copy of the 
write-up' of· any one of the above papers {when received) . Requ~sts 
shouJ.4 .. pe . addressed to me cloThe Editor' of this journal . 

.. ' I. . . . 
... '." 

C.S. Hutchison 
ChairlJlpn 
International Mineralogical Asso. 
Sub-group 
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'M E E. T. I N G o.r THE SOCIET,Y· 

Annual General Meeting 

;',The Annual Genera,l' Meeting '-las held as . announced at 5 p. ifi. on 
28'Februatty 1975 at the Universiti Kebangsaan Malaysia, J:(uala,Lumpur. 
Before' the meeting a' discussion session was helq, in which 4 pap'ers 
were read (see below for abstracts). ,About 25 'memlbel's att~nded 

, the meetin!'§: 

At the meeting 'the President gave a summary of 'the a~tiv{ties 
of the Society during the past year. He pointed out in his report 
that ·the' Sdciety is one of the largest professional bQdies in Malaysia. 
The reports of the Secretary, Assistant Secretary and .Edi tor, ,were 
later read and passed. The results of the election to the 1975/76 
Council were also announced. For further details of the election 
and the l'eports mentioned members are advised to read the reports 
sent out together with this newsletter." . The meeting' was ,adjourned 
till 26 March 1975 to hear the Treasurer's report which was ,. 
unfortunately not· ·.ready. foX'. presentation at the meeting. As the 
Treasurer's report was not ready, the Hon. Auditor also could not 
81 va his' repoi't .at the meeting. I • 

Abstracts of papers 

Chairman: Encik C.H. Yeap 
. Associated ~anes, Kuala Lumpur 

. I ~1:lustaflf l'101engI'aa~,ft PioneeI' geologist in lhdonesia 

N.S. Haile: Jabatan Geologi, UniveI'siti Halaya, Kuala Lumpur 

G. A. f. Holengraaff (1860-1942) was eQucat~d:. in his natal 
town,.Nijmeg~p,and at the Univers:i:Hes of Leiden, f.lunich,·and' 
Amsterdam. ·.For most of his life he was Professor and Head of .... 
Geoiogy at the ,Technicai High School in Delft, Hplland. ·He was i

.·' 

for some' ye'ars (1897-1902) State 'Geologist of the Geological .' '. 
Surv~y of South Africa, and later (1902-1905) a consulting 
geologist the~e. ,He made three investigations in Indonesia (then 
the Netherlands East Indies):, :The Borneo Expedition in 1893-94; 

.. '." : ' .' : 



, , . ,i' .,. l. I 

·-·---·-"--7,~·::': , ~"''''.---''~'. ~ -., ..... ~.~-~ ... _' .... - --- .. 

:ah~~'~n.vestiga~ion of gold deposits in north Celebes in 1901 ; and " 
he·:J.~~~~~e Timor Expedition in 1910-191l. 

; ,;,' 'lHi'majorwork on Indonesia is his "Geological investigation 
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in Central Borneol! published in Dutch in 1900, and in Englis,ll., in 1902, 
describing his survey of the Kapuas, the greatest of Borneo rivers, 
illustrated by an atlas of beautiful and detailed geological river 
traverses. Molengraaff"described the Crystalline Schists of Semitau, 
recording glaucophane-bearing varieties; 'the tonalite'of th~: SchwaneI' 
Mountains; the "Old Slate formation li of the Embaluh valley; the 
association' of radiolarian chert, diabase, and serpentini~ of.:his 
oceanic IlDanau Formation H ; and Tertiary sandstones and subaerial 
andesitic lavas and tuffs of the Muller Mountains. All thes~ forma­
'tions arE!' today important and controversial elements in,' the inter­
Pl'etationof geotectonics of :the ' region, in terms;' of fOI'mer' sub~; 

,'I.' e:hlction' zo~es,:' th~ glaucophane s'chist has ,been: cited a$' ,evide,~ce 
,of deephur,ial; the tonalite and volcanics may'repI'e!=le1'lt :intr.W3ions 
'above a dipping 'former subduction zone, maI'ked also by' !tlJe ',pheZ'.;!:/ 
diabase/serperttinite (a 'chert/ophiolite assemblage) of.-the 'l;>~au 
F6rmation{"whereas' the ,lIOld Slate Formation" and its,co~ti~uq.t;ion 
into: Sarawak and Sabah 'as the Rajang GI'OUp is now recognized;'~:;' 
forming a great thickness of marine sediments with typical flysch 
characters, 'which probablyweredeposit'ed on the 'seawBrdside of 
a 'former 'subduction zone, and moved south towards, \'lest' Bomeo:on 
spreadin'g' oceari':'criist. Although the area was:resuI'veyed, in the', 

" i930 's ,Molengr>aaff' s observations are still the only, oneS ayc+~lable 
"from' sonieparts. ',,' , , 

+ : .~. .r -', '.' .', ~. ~ . 
'I' 

His surveys in Timor and Celebes, led ,to i.PlPorrt;an:t;' papers: on ' 
neot$ctonic,mqvements, attested by raised, coral reefs, and to his 
syrl'~hesis : on the' coral reefs and marIne geology of the whole archi­
pel'a'go.'He was the first ,to ,describe the Sunda, Shelf,~ystemati¢ally 
and to attribute the valley systems found on it to lowering ot~,sea 
level during the Pleistocene Ice Age. ' 

His recognition of the Danau Formation of Borneo and red 
clay with manganese nodules in Timor as uplif~ed abyssal deposits 
resulted'in a classic paper on this topic. .. ' , , 

." ': ,,', 'Molengraaff's energetic field work~ and ,his careful' and 
de~iled field observations, coupled with his sound judgement and 
'cau:t;io\ls but imaginative interpretation ,give a PI'esent :r>elevance 
tC{his work beyond that of many of his contemporaI'ies and successors 

, '1' 
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who worked in Indonesia, yet l'1olengraaff, perhaps because his major 
work wa,s' in a:still remote part of the least developed major island 
of Sundaland, Borneo, is hardly remembered today. If·· .ever, the .. 
history of scientific exploration of Southeast Asia is studied' ". 
:systematically, his .name will, perhaps~ be more vddely known and 

;~)~. honoured~: : .. ' . '. .' . . .. 
, '. ~. 

1 ... ______ _ 

,,', I,. (' 
, "", .'.'·.j·j:Ui":,;' .;;, :.'1 ... : :.:. 

····:,~f:;· .. ·'1or·j"' tll~j Malayan' !Carb~nife~ous '. 
',,: . J',_! 

"'; .. ' . . i.. '( . ,,', ~l ..... 

L;~:~V·:~~~~~:.;~atan Geologi,: Univer~iti r1aHj~~~:j'Kua:j.a L~~~k' . :;': 
. .1.~jri::·';·~"~!;;-~ '," . ' ... ;, . , ..... ' ", , :,: .. ~ .... " :". .. ': .. ' 

-:.~;:f;i'·.!'-, 1 ';.,~:~--: j- i. .~.:;'. .'1, : 

"'.,.j :- ,'; ::'1'11 th:e '~laya~;carboniferous ,. ·the well-kn~~ Vis:eai'l .a~e .d~ter­
Iiliriation has :~ot",.be~nconfirmed by Igo and Koike.(i968)~s .the~;r· 

):ittii-j;btition : is . younger," that is ' Namu!'ian. Malayan~owe:r;' CqrbonLf.er­
Cl"i)~;ous~:hasbeen :¢orre.iated.·to that of Gr'ea,\: ,Britail) and,~he· Mf;!.iayan 

. ~ine ;sedimen·ts 'of Lower .Carboniferous have .,been c,l.o$elycomp?red. 
;~'d,.'th~ ·EurOpean·· ;Diljlant~an . (.GQbbett~' 197.2) but. the ,.ppesent . au}hoX" 

'has·;'foundaf,a.unal ~firii ty. betWeen Malaya and . the, ~pwer, C~rpo,nf.­
,f~:r~~';:po.Sei'ies· and; ·~~pak.Limeston~s;.of Himalaya. ang. Sal1:R~gE!. 

I: ;..;. 'j~':. _ .' I . I : 

.i. i,;::.:. ~In",th~ ,M~l~ya~.; .. C~~bcini-ferousmari~e fauna is ~stly assc;>'-;' 
',iCiiated.with plant rqss,ils; which are.,known as dri;f~e.d. plant remains 

and: the tna:rine f",una, occurs in . siltstone; sandstone t, ~udsto.n~ or 
!', '.,; ·1.r'iriiPtilie·'limestones,~' It''is interestin.g 1:0 note that:~h~,marine. f~una 

tolerated this shaliow coastal pollution. occasioI)~~~ybrac:niol?odS 
are found in the Carboniferous strata showing marine incursions' in 

. :"coal:,:,swampseqimentatiofi ... ;' '. ' .. ·.:i':'· 
~:~;' ' .•.. ~:r!·. ("~'.: ... ,'" .:,.1;: •. . r·~ '.'.< 'I" .. ':'"',.,' , ", 

.. " '\ th·.' \: < 'l'lie Malayan plan·t. fossils do, notsho;w ~n af,fini ty: 'to. Indi~ 
o,;'!!like'the'.'maI"ine foss:ila,but they;;,show resemblange tp, the fqsS!t.ls Qf 

,'; China'~:·~' , ,.. \.... ' 
" i : ',I' 

. -:---~---'-
·t ~i,.:,:_, l\.;, ')-. ~ ',J .. ~ • 

. ,~:. .. ~;~:'.'~r.~ : ..... -~.\···t '.~':.J! . 

:;"".','.' 'I'he'C."I.P.W .• 'norm is an expression,; of the chemicalanaly~is of 
,.!·~·!,c': a' rock : in terms of: the ,weigbt % of the nOI'mative miperals. : It', is 

more commonly used by North Arrierican petrologi~ts .:;,.TheNiggli"' cata-



. ; 

16 

nOI'l1l.:is.·an::expression in terms of cation proportions of the same 
minerals. Both norms of the same rock will contain identiGal'lminerals, 
but in varying amounts because of the differences in all.ocation':·; 
proc~9ure~ '~., ... .. 

~ .' •• - .. • I . • . . .. .• • ~ . .: ; 

The oxic;le· ~.As Sq~l.v~rted .. t.o a· mol~Gular proportion' 'by . di ~~'ding 
by the oxide formula weight (C.I.P.H.) or by the oxide equivalent'· 
molecular weight (CatanoI'm). The divisors are identical for single 
cation oxides (eg Si02), but different for others (e.g. C.l.P.W. 
Fe203 , 1<20 = Cataflorm FeOll' 1<01)' Allocations in C.I.P.H.are 

2 2 
oxi~e based, ~.g •• I orthoda~e = either 1(K20), or. I(AI203) .. or 
6(Sl.02,};!,;whereas +n, th.:catanorm: I orthoclase = e1the::- . 5~~0J..)!: . 
or 5 (JU011 ) or 5/3 (S102 ), because I orthoclas~ conta1ns .. 5c~tl.<?ns. 
The C. I. P~W. norm procedur'e ends by mUltiplying each mineral amount 
by its oxide-based molecular .·weight (e.g. quartz 60.08, orthoclase 
556.64)." . 

;' aq~e(:l ·po these. pr.ocedural; differences, .. a t?ilile ot. fact9rs have 
been1.cqlc'-l..1.~ted foi-! .conversion ··from C. I •. P • W.. to Cataribrm:.· CAT ANORM 

• J : ' •• ' '. • ,_ •• • • • • , '. ; • ~ J' ,., , .'. 

amount =: ·C.~:I..P'!I. ~IAQunt divid.ed. by c;:atanprm molecula.: we~~ht .•... 
". i,j "J \.... ;,'... " ." .:. ' .' mlTnP.e~ o,f catl.ons.· .S' 

All conversion factors have been mUltiplied»~ a~onsta!lt (.=27~.32) 

beoause it has been found that o~thoclase calculated by either the 
C.I.P.W. or the Catanorm a~e always closely similar in amounts. This 
makes all oonversion factoJ:'ls close to unity. An example of a 
conveJ:'lsion facto~ for albite = NaOi.~+0~~.3Si02 = 
30.99 t 50.98 + 3(60.09~ X 5 

5 278.32 = .942 

The Volume No~m (= mode). 
Volume Norm, d5. vide the C. 1. P • W • 
the mineral specific gravity 

TO conver't from C.'I.P.W. to 
miner'al amount by 

the specific gravity of orthoclase • Aftel' all conv~~sioris ~·:'t.h~. 
. ',. r . . 

norm has to be pro-r'ated to 100% 

The Mesonorm of Barth is like the CatanoI'm, but incorporate§ 
BIOTITE and HORNBLENDE. It is-more useful for acid to intermediate 
igneous rocks and fol' meta-igneous r0.9ks where biotite and,hornblende 
·are more approp!1iate than hypersthene' 'and cii~pside 0 . :" .~) 

I .' . '·i.: j •. .:/. 

.'.'.::;~./. ' .. 
. . " . ~" . " 

" \ ':.1\; 

'.:.f !'. 
' •. I, •.•• 

":i.-
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" 

.:"f.,:\. ~':::TJi.~!~~~ J;;~ ': W ,~' '~~c;l Ca~anorms are~ealiy only ideal for basic'"" 
19n~p~s,,~yks.. , " , ' " , ",! , , f ,j 

• "-', ........ '0 •.•• ," '._ .... " . ~ . 
,FORTRAN IV computer progI1ammes for C. I. P • ti ., CatanoI'm, ';,and' , 

,l"~~~cU~Cj.tj,ons an~ complete lists of ,the conversion factors 
. "betwe~Q" the three norms are,-:- av~iiable from' the author., ". '." 

•• ::. :,:;:1 !....:; ,1:.;'- .', ,"; ::,",.: .• ' :; ~> .. ,. \ I . .'. 

:-::.~j~~:l.i~·l ::'. '~<'~;' .. ::,':' r .. ; ;;': :.;: '. . J 
',. . . • . '. i :,\,:', .,'.:; _;" . 

.l'/ .. ;1'.I.t.,: .~'.'}'.:-.. ':' .. '~':J:' 
I," ... ( 0' r •• " • ~ ::. ~ ::.~ 

::.',U-:' .:, \-, • {~ .. 1. "I.~' : :. .- i' :. f ---------, . . . . 

· .',! :: -' : ,.-":: 

.. ~., .~. > 

:' D'~;:£:;', ,,;/~Tlic:id~,~~91f ibZ;: new' 'tindeposi ts: in 'peninsula%' Thailand: 'ha~ 
'''inte~'i~,~~:cr;'''.~lth'con~ide~able ac~ivity in Ncilchon' ,Si. 'TbanllJi~at;" ",J, , 

, provinct=f.~~;-:B~~.ef:}.e.~~riptio~s of past arid present activity, aiJe,<given • 
. ,i ,,"'-~~ ,~ftec,t ,~f ~h~~, eXpl:or~t10n, ~ff,?rt on the search for other, 
,;",,~L,·minerals is discussed. ,'" '" ':,"r',: ::;,,1 

.. ~}:; (':, :'~~'::,j : :. ~: }, r ~;.~ .. ', .... i j • " . : ,_ I: .• 
.•. ;H· L • I' : .•• : ... ',."t 

f .~tLT 

," Jo . '. . .', 0" '0.' ,I.' 

," I. . 
...... I;. t', 

.. ~, ;,='!:I.)1.,··i·,····.J,~:'/.I::.ii!·f· .·r; 'q ;.:,1:' ; 
. ~;'J fj.i.l·~~·.:·i~:;:·;t:~)J .. ~'I :~.: :.;', .. 

" 

~----------. 

TH E 

Officers . 

~ ::. ';:. , i", , " ~ '! 

.I ,I ; ~ 
· , ' 

· : :)' • • .. I,:~ ,: . :. .~ 

" ' 

.. i '-f ", ..... ,'-

,S 0 C I -l- T 1[ . " ,'. 
" I 

. : .• i ..':: y, ,:,.' l:l. 
.1 :~;L,)'j i ''':.-1' fl,.'"d . ~~~: ii- 'C .; • • :. i ...•. 

Presideqt:])'. Santqkh ~al1g~ ,", : I.; , '::- ~: . ~ . 

Deputy Director-General Geological Survey of Malaysia. Educated 
at University of Western Australia, B.Sc. (Hons.) 1957 and Imperial 
College, London, D.l.C. (1964), M.Sc. (1965). Publications-

, ,< 

. 
" 
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several in Geological Survey of Malaysia publications and 3 in the 
4 Technical Conferences on Tin held to date. 

Vice-President: . l-t. K. Lee 

S~nior"geologist,. Associated 1,lines, Educated at Camborne School 6f 
Ml.nesand Imperial:College , London. Interest - e'xploratio.n, eva-~ , 
l~ai:ion,' and apl?ra~.~al Of mine:ral deposits; mine plapning •. ", 

Secretary: s.S. Almashoor 
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.Assi~;t:ant J:.~cturer~ Jabatan Kajibllmi, Universiti Kebangsaan Malaysia. 
E~uc;.a~ed at University of t-1alaya and Universi ti Kebangsaan Malaysia, 
B~S~. (Hons.), r4~'Sc. Research interest - petrology. 

Assistant Secretary - T.H. Tan 

Assistant Lecturer, Jabatan Kajibumi, Universiti Kebangsaan Malaysia. 
Bducated at Uni versi ty of r,1alaya, B. Sc. (Hons.) M. Sc. Research 
interest - geochemistry of Ma,laysian granites, gemmology. 

Treastlref"'- G. H. Teh' 

Tuto~?~?p'at~n G~ologi7 Universiti Malaya. Educ?ted at Universiti 
Malaya:,'B.Sc. (Hons.). Research interest - instrumental and analy-

, ticali)geochemistty, fluoride analysis, ore textures. Previeus, 
experience - geologist, Gcpel'lg Consolidated;" seismologist, Geophy­
sical Service International. 
Editor: T.T. Khoo 

Lec,tu~er', Jabatan Geologi, 
'si'·d Malaya and University 

, , 

Universiti Malaya. Educated at Univer-
. I 

of Liverpool, M.Sc., Ph.D. Interest-
general geolugy. 

Councillors 

,< To serve 2 years) 

M. Ayob 

Lecturer,.Jabatan Geograf.i~ Universiti Nalaya. Educated at Universiti 
Malaya': and New York Uni versi ty, 1'1. Sc. Ph. D. Ini:eres t - sedimentology) 

: s'tratigIlapphy, geomorphology, etc.. ' .. ',. 



... " , 

S'~H~ Chan;"" 

,Associate Professor, Jabatan Geologi, Universiti Malaya. Educated' at 
,Camborne School of Mines and University of IvJissouri (Rolla), ACSM,! 
M.Sc.~ Ph.D. Research interest Theoretical geophysics~ " 

n;'I~ : ...... -;. :--; 
~ (. " .. 

. . :f· . ,;", . 
.• 1 • 

, , . : ',.~ '. ~ 

.! I. " 

Ltd., Kuala Lumpur." Educated 
Interest - ~cono!Oic -:geQ!.ogy,; 

. : .• • • h· ... 

To 'serve 1 year' 

,,' 
N.H. Chong .. 

. : :: : : ,!. . ........ '. . ' I '.' .,'. , • . ,,' • r ••. ; 

~~J.:q.g~~;~:, (i~.sc;)ci,ij\1=~dMineslt .. }S1Ja~a· ~umpur .. ~ .. ' Equcated. at Unfve~~~:"ri.:, 
Ma.tay~.,:, J3".Sc·"(Hons. ) .;.;. R~~~arch. interes.1;:, ;~.: ~~W:-~.a.ti ono,f 'ecori9~~:' 

: ~,!~al deposits', "~lll1gsten.,:mineralia~t~.~;~: :;~~: .. ~lt~; Tllai~M,aJ.ay f'~~l~~.~,~-
. '.~. . .; ~. 

, A.s~· Gan " ': ..... , .," 

~~i()gi,st;, Ge~logi~Ell Sur'\fey Malaysia ~ .' Ed.u6tit~d at Universi'ti Mal~ya, 
B. Sc. (Hons.)'. . CUI'rsntly mapping the Tanjung ~Ialim A:[Iea,Pe'rak·,··· 
Peninsular Malaysia. '" ., '~':i, 

B.K. Tan ,. . 

Lecturer, Jabatan Geologi, Universiti Malaya. Educated at Univ~r­
sit! Malaya, I.T.C. Delft and In~eI'ial College, London, B.Sc.CHons.), 
Dip. Photogeology, Ph. D., D. I. C. Research interest - structuraJ. . 

, ,: 
geology, etc. 

, .... 
. :','Ht~D. " 'l'jia ...... ';. ',:. 

. .... ~. I 

Chairman, Jabatan Kaj ibumi, Uni versi ti l(ebangsaan 11alays ia.;( Educated 
at Universitas Indonesia; Institut 'I'eknologi Bandung, Indonesia, and 
Columbia University. Drs, Dr. Research interest - structural apd 
Quaternary geology. 



Donation 
",:_ i·t. 

A gift of 3600 Ringgit (Malaysj an dollars) was, received "fllOffi 
Esso Explo~ation Malaysia Inc. on 14 December 1974. The Society 
thanks Esso Exploration l1alaysia for the generous offer. 

International Mineral~.e;ical. Associati.on Sub:"group 
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The Council has appointed Dr C.S. Hutchison to be the Chairman 
of the Sub-group and nationa:i. repl-leSentat:ive in place of Mr J .H. 
L«aow on 24 February 1975. ' ' . 

A Review on Bulletin 6 

The following comments on Bulletin 6 appeared in the AAPG 
Bulletin Vol. 59, No.1 (Jan. 1975): 

~ '. !" 

:.:.!I.~~~ qu~.llty;. q~ this volu~e. is. a tribute. to the Geological 
SocJ.ety of 14alaysl.a, the organ1Zl.ng staff of the conference, and 
the editor. The scope of interest in the region is ev.i4e~<;~d, ~y .. 
the diversity of the 260 participants liste': In the back o'f the'­
volume. Most of, the prticles iire supported by e/~tensive . .b~l:i,p-: 
gr~ph~es • ~e b()ok. i~ at:tl:'ac~~ vely bound, ~nd, the· :!Ilateri'a:ls .:~~~ , 
prJ.ntJ.ng ~~~ .~l;t. ~,f: .suGh quallty that occasJ.onal typograpl1.i q.·. ~'.::;!.i :. 

errors can "be ignored.. ~t its .members price of US$5 it, ~I:!. fl . ,,',,','j' 
bargain, and even at its nonmelnbers price of US$lq it 'is'a very 
useful addition to th~ .libllary of anyone interested in the <.1 .)i 

geology of southeast Asi~ •. " .' ,~. ";' .. ~ 

.. ::.r; \' I. ..... I.; . :.:' 

,:',l' .... .:.' 

"j • 

Reviewed by A.E.L. Mot-llis i .• :/.";,,; 

Los' Angeles) California 90064·:!'·f~i,: . 

. ! .: 'I... ,~:r:.-tC\ 

l' " 'j-, :·!"··L.~ 'f ... 
. '," ...... . 

..... ,. 
. ".: .. :', 

" i: . .1.··· 

' . 
• • o. 

'.,," d d'·· 

'.1.:.:./":," "'l 

Ii 

, , . 
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Exchange of Publications 

The Council has agreed to exchange publications with the 
:~ollQwin~::, 

.. ' ; ... ' 
., t, •. \. 

" 

1., ,Suomalainen Tiedeakatemia 
'Academia Scientiarum Fennica 
Snellmanikatu 9-11 
00170 Helsinki 17 
Finland 

,', .. :.!.,. , 

2 .. 'jabatan Kajiburni 
Universiti Kebangsaan Malaysia 
Kuala Lumpur 

Membership 

'Th~ ,following applicants have been elected to the Society: " 

Full member 

J'~ H.' Al:'TIli tage 
EXXON Prod. Malaysia Inc.' 
Box 857, ' :, 
Kuala ,'Lumpur 

H. DOUBt.! ,," .J. 
Sarawak Shell ahd. 
Lutong, Sarawak 

S.K.F. Ho 
Sarawak Shell,Bhd. 
Lutong, S~~wak:; .-

Mohd. Zahari Abu Bakar 
Jabatan Kajibumi 

,', 

Universiti Kebangsaan Malaysia 
Kuala Lumpur 

R.L. Pile 
BP Petroleum Dev. Ltd. 
Tanglin P.O. Box 288 
Singapore'g 

W.R. Brown 
Buttes Gas &'Oil Co. 
P.O. aox,2067, Houston 
Texas, USA 77001 

. 'W .6." G:tgon : 
Sarawak She11'Bhd. 
Lutong, 'Sarawak' 

T.H. Lim 

:, I 

l22A Jalan Choo Cheeng Khay 
·Kuala Lumpur 

A.R. Lloyd 
Core Laboratories Ltd. 
24-A Lim Teck Boo Road 
Singapore 19 

W. W-S Yim 
Dept. of Geography & Geology 
University of Hong Kong 
Pokfularn Road, Hong Kong 

'.: 



Student member 

H.K . Lim 
25A .Sussex ~1ansions 
Old Brompton Road 
London, S.H. 7 

H.K. Tang 
Jabatan Geologi 
Universiti Malaya 
Kuala Lumpur 

Honours 

N E H S o F 

Y.L . Low 
Jauatan Kajibumi 
Universiti Kebangsaan Halays ia 
Kuala Lumpur 

/ , I 

',' 

. ' . 'j ' 

.' 
'. :, 

t1EMBERS 

Dr C.S. Hutchison" Jabatan Geologi, Universiti Malaya lias 
recently been elected a Fellow of the ~lineralogical Sqciety of 

'''1 I 

Amer>i ca. 

Appointment 
! ~.J ~ : J.. 

22 

d' . ' I( ~; ·{.£n.ic..ik H.I+. J1ah fo:t'me rly a geologrst with the, Geo],qg;i.cal Survey 
." I olil Nalaysia lias j oined Exploration Loggiug InteJ1natiqnCJ.l<. In~ ': ,as 

a petrole um, en'ginec!". " ,i ,:' 

New Address 
( 

C.K. Burton 
P.O. Box 98 7 M.C.C. 
Makati, Rizal 
Philippines 

E.A. Grib i 
P.O. Box 99 
Singapore 10 
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Lee Mun Kit 
Placer Expl. Ltd. 
GPO Box 4315 
Sydney, NSH 2001 
Au~tralia . . ': ':.',' 

• J L. • f •• " .,' . tI J ' i. .: ~ ; 

T.R. Sweatman 1.. 

', ' 

Superintending Co. of Indonesia 
Ltd. 

Jalan Let. Jen S. Parman 102 
Grogol, Jakarta 
Indonesia 

J . S. Uonfor 
Gulf Oil Co. (Japan) 
c/o Pacific Gulf Oil Ltd. 
P.O. Box 43 
Akasaka, Tokyo 107 
Japan 

Resignatio:l 

U. Ahmad 
P. T.1. In't'ernational ' Nickel 
Ujuhg Pandang , ' 
P.O. Box 143 
Indonesia 

,i ', 'i :"', 

R.D. Stewart 
Resident Manager ,f '" .: " . 
Union Oil Co. 
House 661, Road 33 
Guls han, Dacca 7, Bangladesh ', ,' . 

R.E. Sweet 
~1obil Oil 
Box 900 
Dallas, 
U.S.A. 

Texas 75221 , 

, ; 

J J. ,' 

: .,. .. ,": ;-! 

\ ',' I .. 
,', a , ' , 

. ~ ,:, l 

':., . :j·:·H· 

" 

'(I. "'li ,.', f'Memheiis 'who wi 
, cl:i~n'gesi ih" jobs, pOf' 

to the Editor fot' p ' 

) inform ' other' meTTib'ers ; of the, Society about ' 
as, addresses ', etc. can send the information 
te inclusion in the newsletter. ' I ,; ':, 

, '0' ~ • 
- ' _ 0 _ 

/'. ,oJ . 

, '. " '( • I, 

/, 
' . / 
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N 0 TIC E 

Regional ConfE:rence on the Geology and Mineral ;Resources of South­
east :,Asia,.· Jak.arta, 4-7 August 1975 
. '. 

According to the first circular received in late February 
19;75., the sci .... ·· ific programme will consist entirely of ,invited 
PqP~:rs.. J\l!3Q ~t appears that offel's ofcontrib~ticins wili be 
cq~sid·~r~4ands~c.h offers must reach the Secretary 'General' not 
lateI"',th~·.15 . May 1975 '. EX9Ursion$ to larger isia~d.s 'of the .. / 
Archipelago wiil De held. For further information,' registration 
f~rms and information circulars .members are advised tp write"t6:-

:; .J ~ •... , 
.- ' ... ,' . . : ' .. '.'" .. 

. ,. 
*M,::: ,';~) i) J. .;.,. ,i. 

j' ~{l j .;' ~.: ·'1 -,~ : 
. i{J j:."'-: ·:.I':~;::..~1 ,', " 

.. ;" 'j I .,*: 0' 

•. I. 

',t '. 

I,I,/. '0 

"I.! ,,' 

. G.A.S. Nayoan ! '! .... 
The· Secretary General " .,'t ,. 

";Regional Conference on; the Geology 
. "and Mineral Resources of, SoutJ)eastAsia., 

", . Jalan Siuabtmg 111/4 . . :,;. 
. Jakarta Selatan .. :,1 
. Indonesia . I. '.01; 

" . 

-----,....----

NEW P U~B LI.C:A T I O~J.S 
. .. .. , ~.~.'. .' ..... 

. '-.' 

'. ' 

:, . " 

. " 
'. ..' ',,' 1:* 

',I .• 

:~, ,.:: I; );;; 

~.; • '.: , ~ . .' 1 1 

.' Lapot'an·.tahunan kajibumi (Annual report of the Geological :Survey 
;""~f"Mala:ysia) 197.2.' -281 pages. Price $15.00 (Malaysian). ,:' c,> 

I • oj :, I ~ ,I' :;" ,! • • . , I' 
:.' ,'," -, 

Rishworth,'.D.E.H~ (1974.).. The Upper Nesozoic terrigenous G~ga\1 
.t. " 
:.·Group. bfPeninsular Malaysia. , SeaL Survey Malaysia .sp.j .. : . 

. ' .··Pap. ·No.' 1, 78 pages. Price $10.00 (Malaysian). ,,:, . 
'·.1:'; 

iI' <. 
··;'Bains Malaysiana', VoL 3 (182) 1974, 175 pages. (This jOUI"Q9.1· 

.- . "contains 6· papel's art geology of Southeast Asia by c. K. aurt~.,: 
;··R~D.· 'Tjia, T. Zakai>ia and P .. Heseldonckx. 5 of the geol~gical. 

J:oClpers are in Lilglish). 

,. 
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BOOK REVIEW· 

•• .... . :~~'.' .1. • . • : j '. 1, " . :. • ! ... ; :,! 

RishWOI'th, D.E.H. (1974): The. Upper }1eSozQic;: te~~genQ1!S Ga~u. 
Group of Peninsular Nalaysia .. : Geol.. Sur'vey Malaysia Sp·,. 
Pap. No.1, 78pp. 

-X.tl~~~i';·-f't~:1 ~l:'.:~l :.~ .:>.'.';..: .... : .. 

}.:':"' ... [V :.~,;- : .. ··c '\.~';' .. _!.; .~ .. : ~., .: ': .:. H ; 

.. , 
. -. ..... , .. : . 

.' . :. ': ~~.~ / 

i r)::"; i.~is.:A~~~~:1i.ci~ puh~ication is,a. v~f)y,wel;.~~m~.~~.¥1ti.~n 
to 1=1l~ p~lil:+s.~t~ons· on. tb~ 'g~6logy of, the Malay' ~enl,nsUla .. · " . ·It'·:) . 

11~9:n~.'!.~1 !.~~ • .iat.g~., ~~e~:: ~~, p.~~~o~ap'hs ~m4 figUx;~~,:' a~d ·.~~l~O·:.,:~:~ . 
. . ·-:~?.l?~~~8;Ut.l+.s.u:~~·;: ~~:t.gl. :ren :p~gE?: n,u~e~:~;. :."., ",'.J i. ::;: .J.t::':':f(~:j: 

This is an impoI'tant work foI' several reasons. First, it 
covers the deposits of the upper Jurassic-lower Cretaceous, 
which is the youngest geological interval that is of widespI'ead 
importance on the Nalay.;.Peninsula.·.:Tbe~e.,are continental depo~ 
sits that w~lIe·,:deposit~d . after.: the main :p~I'j,od of lower Mesozoic 
orogeny:ton ;·the( peninsul.a .• · .. They:,~re:·f,latf" iying to low dipping" 
and are sepaI'ated from un4erlyingI'oc~s,by ,a pI'ofound unconfomity. 
These slightly deformed strata: : may be:.maI'ginal deposits of the 
newly forming Malay Basin in the SO\,l:th ·.Chl.llc;t Sea area, which is 
a significant sOUllce of petroleum. An inteI'esting aspect of the. 
deposits of the Gagau Group is that they are entirely continental, 
similar to deposits of the same age in Thailand and the south 
e~d of the Malay Peninsula, whereas deposits of the same age in 

'southwestern Sarawak and western central 'Sumatra are maI'ine 
qaztbonates. 

The Gagau Group', is dascribec1 fo1Mtl~l1y in tl)is repoX't, and 
contains two fotltllally desct'ibed fomat:tons. These at'e the lower,'~ 
Badon, ConglomeX'Bte and th, uppe~ Lotong Sandstone formations. . 

.. ',~:1'h.;,;'Badon8·,is, g'ut te J' va:r:-iabl,lil: in!. t~:t,c,l<ness ~nd may" :b", .. hunc.\X'.d.~r5f 
metx'es thick, Qt\' dnly:a.th:Ln b.asal 9~nglotnerate., l>"~ ~,sr..Ii.~ip.ted 
to the western and sQuthern parts of ·the Gagau at:'ea.··' It contains 
la:'Feat.:·v.ar:ietY-'of.· coarse gI'ained strata" and ~ome. int.eJ"he~~ep::· 

· siltstOn~s\~~·.r .The· ·probahle:.source .. area was 1;0 tnewes.t ;" :': Th~ . 
Lotong is· a:t'. rleast:.1000 :me1re~ .thick in placee;J C!lld .. Q.on~~~1=S of 
poth orthoquartzitic and subarkosic sand~tones and siltstones 'and 

. ".m'inolv·cOng.lomerate::;as. w.e.J.l was :variable amount~ '9f .yq.l-c:;~:i,~.~:.-.;~~ 
· This" fonnat,ion,:-.is:: wid,ely. exposed. . There aIle· v~ial>le, ·l.n1;1; .. g~}.te 
· common,; ,.e~osUr.es, of .. vo1:cani:c~ .rock~ witbin: tbe: ~ G~g~u group \, ~l A\lese 

. . .-',' . . .. 
• ',' ...• ~. ~L~' ,.'.:) '''(~~;Y·.;:i 
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Of! 
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occur as tuffs, lava flows and agglomerates present in both the 
.Badong and Lotong formations. 

This report by Risht'1Orth is a detailed study of the Gagau 
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Group in ,its type area; in the upland areas at the borders of Pahang, 
Kelantan and Trengganu, and within. the large Tamall Negara ,:t,:he '. 
natis:mal' parkof.Malaysia. Continental· strata of the same li.tho­
,logy.::and age occurextensiveiy in the high areas along the pah.ang­
Johdre~border. These' are placed in the Gagau Group, and are ,. 
discussed ::In''the report, but are not covered in deta~l beca~e ., 
l"elatively little was known about these strata at the time the," 
:report was written (1963-1964). In the 10 years between writing 
and publication further work.on the Gagau strata in Johore has 
been done by S.S. Rajah. 

This report is one of the best stratigraphic studies published ' 
by the Geological Survey, and is the best stratigraphic study on 
rocks of the Malay Peninsula. This is due to the favourable expo­
sures of the rocks, although in diffi.cul t terl"ain, alld to the careful 
work of the author, who made ~very effort to determine the strati­
~aphic succession and properly describe the units. Older rocks 
arednvariablY'deformed and folded, and usually also ~lightly to 
iildderately . metamorphosed, and consequent:J,.y have. generally.-, ".,: 
received inadequate stl"atigraphic.study. 

. .. \, .,.;. ., ,. 
Of great significance fol" the study of stratigraphy on the. 

Malay Peninsula is RishW01"th's unhappiness with informal and .in- . 
adequate stratigl"aphic nomenclature that s~ill plague, Malaysian 
stratigraphy. Consequently he decided to follow the principles and 
p1"Ocedu:t:'es of the 1961 Code of 1=he .. A,mE;!rican Commission on Strati-
gI'aphi.c Nomenclature as J:ligidly as possible in his own wOl'k to .' 
help end this confusion. He succeeds in this intention admil"ably, 
and the Gagau now emerges as the best defined formational unit in 
Malaysia. It will be difficult to equal this feat in p1"e-Gagau 
strata, but the effort must always be made. Inadequate strati­
graphic nomenclature and descriptions, aggravated by the practice 
of proposing formations in the legends of geological maps (often 
o~ly sketch maps at best), is currently a major detriment in 
studying strata on the Malay Peninsula. 

T.E. Yancey 
Jabatan Geologi 
Universiti Malaya 
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,11.. . .. ' The 'GSl-J pic:turepuzzle ·.introduced· in Newslet'te~·::No. 51,';' 
.·aPpEars td.be qUite popUlar eSpecialiy to otlI' student members.i.! ... >;: 
'Many iofthem' have sent in solutions'~ The'w~ner is Encik 'Yoges"!'!· 
'waran' Mail vaganam of Jabatan Geologi; uni versi ti. f.ialaya... Member.~ 
who S'en:t in all COI'I'ect· entries are Encik Hoh Swee Chee, Enc.ik :" 
JO~'A~;' Kading, 'EncilcFobng' Yin Kw~m, ·E.ncik Seet Chin 'Peng .and 
En~i~: Ahmad Said. The answers .to the puzzle 'are~-' .1. ':., .L: '. 
i~J,: l' j:.l·~·I'"," . ... ~'I •. :; ••• ~."". 

i,;;,(: . ',' ',':. 2. overturned (invel'ted) bed 

3. tie-line 
;',i',' i.' .... :; .. :! .. ,,' 

. '~", ,", ~.~.; :.r 

• ;::.; ..... ;... ';:i-,. 

" 4. "Triassic' 

,5. 
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Love wave and 

Pele'steaz.s. :', " 
• p'- • 

',",' 

.. " 
•• ' ; • , " I • ~ • ~:"';. 

: .' 
...... : . .' ) .. ,.~ . 

", !, I: ~ . 

.' ., :. ',= . . ~ . . • ..' .". , . I '(1 

,> l' .' '. " ,Dr 'Co'S. 'Hutchison has .-made another geo-~rossw9I'd.: .. (GSM .. :::, 
geo-crossword'No. 4) ror:oUI' membe!'S:~' However, no·prize will'·.be. 
given this time 'and so do'not send,:your'solutions to'tne'Editol''': 
The solutions will be published in the next Newsletter • 

. ,.. I' • ~ .' '. r ' 

~ ~!:"., J I 

' •• I 

;' :!,' ~ !, I " ~' , ,i .... :, I ' 
, ! 

.', I 

':. 
'1 .; ~. • . c;:!7~--:·-----:-

'i :!', i. , ,.," 

: '. I ,. I I .~ 

·t .' '.':" •.•.• 

.. J'" ; .J.' .•. . ... ". 

. -

.,', . 

~ , l".', 

. " 

;, . 

- . 
,:. I 

',:! I. 

~ . ,. 

1, " ." • • ,;i ".1',;1 . 
. :, ; . ,', 'I :~'~"",:':' ' ; • 

I .. 
~ " , 

; I , t: ." .. j' '. ~ , : 

.' :.·'1 
' .• J' 
• :,'t·. 

" :".', 

, 'i ::' 

. ," ,',' ..... 
, . ;:;!'I 

. ':, .~, '. .;., 
.... ,L .... ) 



11 

'~~ 10 

~//~ .h/ 
11 

31 

35 

3 , ! 

I 
4 5 

12 

26 

~..-:: Z7 %<> ,~/~:, ZII ,>' ,,' 
,,/' ,..' ./ ..... ~/ ,.. .,~. ,:"'.;',.-:,, ,,'.:,~~,~ ./ ,// ... -;. ~, ... " '~/;<' " .'. 
/// /," .... -: ,//:,,' 

32 

.' , " , ;--: ,-, ' ,., ,'" , ... ./".,'.-:, ,',-' 
;' . '" ." ~" .. r ~ , 

"./ ~, ... " /.~~' ,', ," 
, /,' . /:.' I~'" ',""- ' " /'''./.' ',., 

," I' ,II ,.. .f'/.' 

6 

GEO-CROSSl-lORD NO. 1+ 

I 

8 

14 

17 

:':,';;;'-:' 4 2 

':,0: 

. ' i 

29 

·'. 

," 

, " 

1 ,", CSH" 

" 
~ .. 

•• •.• 4·· . '., 

,,'. 



29 

,'. . " ,,' r~' r- , __ --'-_____ ~..;..... ____ ...a .. ""'"' ' ___ ,_,.,---0.' 

ACROSS 

1. Trans-Atlanti~quartz monzonite (10) 
7 • Spooner-ism ( 3 ) 

10. Normative Mg Si03 (2) 
11. "requisi tion from knoop or Vickel's (6) 
13. F = C-P + 2 (5, 4) 
15. acid fc;>r etching quartz (2) 
17. ultrabasic (2) 
18. separation from a mixture or a magma (13) 
20. measure of pe~meapilit:y, 0t.' ~e,dical:, q~lification (2) 
21.' identity card' (2) . 
23. metamorphism in a triangle (3) 

, 24.; mea.sure of geochronology C. 2') 
25.' The gem of Wilkie Collins (9) 

, -9' ( ) , , 29.l10 ' metres' 2, ", ,<, ... 
30.; The magnesium orthopyroxene, (2) 
3lot Clciy~y 1(12)', ,. 
34.', .. J eweiry :, from; fuel, (3) 
35.; Crystal'proj~ction like a sundial(S) 
36.; nektonic pl.us 'pl~ktollic (7) 

, 37 •. 1 thunderqus element (2) 
38 .1 de~si ty ; sep_arat~o~ by ""ater (11) 
40., from heel to toe (2) 
42.: And so on (3) , '. 
44.i mixtures' of mechaiiicallY separable. solid materials" '(10) 
4 7 ~ GeC?logi~al Sir Leonarcl ( 6 ) . 
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.;:-r- Ri~ging: out the' old y~ar, after year, after year ." ~ • • (16 ) ; , ~ I: I· 
3.; a ,arnet'cori;junction' '(3), .' _ ,.i' .".,~,." .. 
4. i TransfoX'Dl Lot.' s wife and Stone the crows. ( 7 ) . I . i,'" .. :'1 5.;' majestic 4. 5~6 litres·:.",( 3) !p" '. • .. ~ .. , •• + '.", .~. '~t 6., Alice and Alice-through-the-loo~ing ... klass ( 15) I I·!, I 

. 7. f . kind of. 11pe:, for the n~(!k . (3) j .; . 
·8. i Plinth for attacOing 'electron microscope specimens' (LJ) ,.: : '·,1 ..... '7-"" I 
9. ~ falsel,y' interPreted as a mixture of components which are pro~oX'tibned: , . ! 

'so' as to give ·the loweot possible melting-- point, for example,.int.-:: .... : .. ;-..,;,· J 
!.. gr9wths: of some sulphide minerals (6 ~ 8) .',! . .!.' ,. 1 

12 r. ' . a :igure ~pod\,iced, by: acid ,J 4) . 1... ... --/-. , .. + . . i 
14 " gr~phic granite' (6) '. ,I!, , !' . ·1 ' 1 
16 ~ normat~ye Mg2Si04i (2) . : : .. !. . r· .. ~ 
19;. no; one: (3) ; ". ..; '.' .. j "1 ' "':~;:"'1 
22 ~ co~nectf=!d - by a :'special type of joint system ( 9 ) . 
26'~ emphatic 'numera~, , .. ( 3)... " .... -:-._ .. 
27~ widths of manganese nodules (9) 
28 ..... c).,inkery-surfaped lqya (2):.. : . 
32. I ;';.stopping-place ' for a."' cage' in . a' shaft' (7) 
33. lower surface (4) 
37. major cation of rutile (2) 
39. explosive substance (3) 
LJl. energy unit· from the U.K. 
43. number of components in the plagioclase system (3) 
45. normative NaAISiaOa (2) 
46. ~ther end from Fs (2) 
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