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P0,ge i 

11bro0 1.-Ioteo:cites have been analysed, pctroloeically and 

rnine.r·o.c;raphioo.lly described. '.l\10, Ca1:1alu0 and l·,'LuwD. .... o.billa., L'U'O 

mcdiui:1 octa.hoc1rites; C:--,. . .ra1uc i:J e. genuinely lov, sulphu1" meteorite ;, 

·uhile l:Iui1dro.billa is exCGj_Ybionally high in sulphur; phosphorua,

chlo:cino, ca:cbon and contains o.cccssory silicates�

1nru.."y mincral,s have beon found in Caralue a.nd eleven in 1.�u:c1clco.-

billa, J.-:inora[;raphic investigations show interesting crystal--

liso..tion and c10fOPrnation events in the two irons o �L1hc third

meteorite, V/itchelina, is a highly-neathcred Olivino-Bronzitc-

Chond.I'itc nith a high corrt:;ej::it of ferric oxide o Hine priu1a::."y

minerals riere found in 'Nitchelina, while all three metoo:citos

conto.in p0ntlandite, goet.hite and magnetite formed by n0athoi:·i�10 ...

Sampli:i:1t; and analytical methods a.:co discuss0cl, as EtrG the 

ruJ.gtionshi::_') bot\'IOGll cor.1position ir:1d mineralocy for the sid-

erites and aero1ite o It is conclu(led that X-ray jlluol'escenco 

is a s-uitc.b1e analytical method for S, P and Cl in irons, and 

f'or the cletermination of Si, :ci, Al, .Cx·, tote.1 )?c, J.:n, Ca, P, Le: 3 

o.nc1 Cl in a0x·olit8s � 1\:Gon1ic .A.b::1orption Spectroscopy is o., valuabl8 

technique fo:c determining I'Ii, Co, Cu, Zn., Cr and I.In in side:cites 

anCl aerolitof)" 
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IN T ll CJ.DU C_.'f�_I_O N 

i:J.'hc e.im of tho project Vlas to describe tbree provious1y unstu.diod 

.,'.\ust1�alian 1.'Ietcorites :, one ao:colite and tyro sid0rit0s" 

�Che aerolite 11Vfitch0linu" was found in sanclhill country on 

·i'i"itchelina Station, apparently in the 1920' r:,
:, 

by J,:l'. T o P .. G·ourlay,

3 

in whose fam:Lly 1 s possession it remained· until 1967, vthcn it was dono.ted

to the University collection by a grandson of tho finder. 'i'ho locD.tion

of the finO. is un}::nown e::-::copt for the vague doscriptiori 11 from ·;'fitchelina

Sto.:tion, 11 which is approximately 15 miles west of' l"i1ax·ina in tho north of

South Australic, ( location e.bout lat. 30°s, long. 138°E). It :Ls o. ricl1-

orientated stone with 11 t.burabprints" on the rear surface and o.n ante:c :i.o:c

aerotherrnHl able.tion surf nee f> 

complet0 except for a fovr grams removed from one end G The specific

gravity of 3.,27 reflects its highly weathered ste,te; urrueathcre<J. chon-

dl�ites of this class are in the range 3 .. 6 to 3 0 8.

1'hc sidcrite 11 Curalu0 11 is another poorly located rneteo:cite, its 

location being known only as 11 miles :N � \"l .. of De.rke PeoJ<: ( location about 

rrhis places it about 8 miles west of Caralue, a swall 

x•o,ilwuy station in central Eyre Peninsula, South Australia .. 

i'Co has previously been knov1n as 11 Cpwell," a tov,n over 50 miles diste,nt o 

This 11.mne is considered inappr-oprinte in vie\'l of the mGteor·itc' s pI'OJ�imit� C 

to Ca1'D.lt.H.::1.,� o.nd it is suggestecl that the name 11 Co·.v01111 shoulcl no 1ongcr b,_. 

finder, by the Univcr·sity in 1955, and weighed 5 ,) /0 !Ctms � 

from l1,u.stralia) ho.vine; .:.� total mo,ss of ov0r 16 tons" 

'i 1 and 5 to:i"is, p1us sove:cal hundred sma1le1"' f'Pe,gnwnt:J v1er·e rccovcr(xl., 



r11 lrn meteo:cite \'Jo.s J.ocuted in IJ.s.:i.·ch 1SJ66 by accident after earlier 

searches based on reports by a rv.bbit-tra1�per had failecJ.. ,. rl1l10 locc.tion

iD on the Nullarbor Plain in \Yostern Australia (Latitude 30°L:�7 1 S� 

Longitude 1 27
° 

33' E) o The so.mples studied comprising some of the small 

f'ru5mcnts, vrere obtained on loan from Hr .. R u B .. Y!ilson who, nitl1 

,L � N_ALYSIS 

'J.1he twr·olite was sampled by crushing a 20-gran1 block f'ro;n 

which a poli:-Jhea.:i thin section he.cl boen macle. This nllov:cd a 

close compu.r·ison of the mineralogical and chemical compositions Q 

Cutt.ings obta.ined in sectioning the siderites were used 

·by the usuoJ. ·methods .. Contamination calculuteCL :from ne.ight 

loss of the blade is only .. OL{S� thus. contrunination of only 

�- ppri1 occurs frorn a one per cent o componunt in the blo.0..e" 

�:ho blade contaihod no elements capable of causing significant 

contm:aination of the stunplos ., Problems nrisc t111�ough oxidc.t.ion 

of troilite causing sulphur loss, and also du.o to tho hc.1�G.n0s8 

of' tho troilite and sch.reibe:csite Cc.uo::.n:3 cutting clj_ff:i.culties o 

Sampling of sid.orites is usually done by sGloctinc; a:n 2rec. froe 

from inclusions, ancl either cutting out ·a block or 1.wi.ng c:Lci1J. 

cuttings f.r·om the ar'oa" 11'his must then be 211 un�cop:c·csentativo 

;3o.mple u.:J has been [ll�10rln by Hendo:cson ancl Per:cy -( i 958) ., 

rn<.1.cle in Cax·nluo o.nd �che nnnly.ses oompar·0(L 



2. S0LU.1.'I0NS

Three solutions were made of ench siderite: the first, 

dissolved in hydrochloric acid, v1as used f'or ..l\.tomic Absorption 

Spectrographic Analysis; the second, in sulphuric acid, 'f'o:r.." 

dotermino,tion of' iron by oxidation of the f'orrous ion,; the 

third solution, in nitric acid, vras evaporated and docornposed 

to the oxides and usGd for the .X-ray J? J.uor·cscence /i.118.lysis of' 

sulphur, phosphorus, chlori�1e ancl iron o A se.mplo or 

},lui.1drabilla troilite warr c1issolved in hydrochloric acid for a 

partial analysis oi' mino:i:;- elements .. 

dissolved in hyd:C'Of1uoric acid and perchlox·ic acid for dctermin-

at ion of K
2

o ,i>fo.
0

0 a:o.a_ some t:race elements ..
,_ 

3., S'l:/.l'fDJRDS 

For Atomic Absor•ption Spectroscopy, two standar(ls were 

made containing mixtures of iron, nick.el, cobalt, copper- and 

cltcornium in the range found for siderites Of the so.:ne type .s,,s 

For all other Atomic ,,'.\bsorption 

Spectroscopy, ulready-prepa:c8cl standB.Y'ds \'iere used . ., 

Fo.r the X-ray li'luorescei1ce anal;'.,rsis of· tho sidorites ., t·.,,o 

stan(larcls '.Vere Iilad.0 up: 

nickel £tnd cobalt oxides of' a similal' oorapoi-�ition to the sidcr-

ites, and was usocl in the deterrnino..t:Lon of' iro'.!.1.; "Che other· \'10.:-:> 

mioe"Lo by ad.CU.ng kno-w11 amounts of' sulphur, })hosphorus .and c!llorine 

to c. sample of' Ce.x•a.lue ., A pressed mount conto.ini:og an aJ.(lecl 

J;:nov111 2mount of' chlox-·ine 1·1as used to dcto:cmino chlorino in 

\'litohelina. 
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Ord.ng to the desirability of' havinG the stc.:nd&rd and unln1own ,,-,'ith 

similur comiiositions, it was decided to use a meteorite £lS a stnndo.rd for 

the bulk o.nalysis ·of Witchelina by X-ray li'luoroscence .,\nalysis,. As o. 

meteorite suitable for use as a standard could not be found in the 1:eo..te ' 

l1�useum Collection, it Has decided to use the recently-fallen meteoi·ite 

PUeblito do .Allende -(irype 111 Carbons:ceous Chondrite), (felJ. l1
1 eb,. 8th, 

1969) C •• ' i "' • (' u 11lllU8,:!Ua, 1.:8)'.:lCO n a ,. 20539 ) • As it is an unusual type, it 

will bo well analysed in the f'utur·o; however, a suitable prolirr:inary 

analysis v1as obtained fi-•om D ;:; Brian J,Iason .. 

Po:c the sidcrites, nickel, cobalt, coppe1.",. zinc, man.::;aneso. and

chromium v10re determined by ..:lton1ic lLbsor·ption Spectroscopy; ix•on, sulphu1�
:i 

phosphorus mid chlorine by X-ray 1r1uo:cescenoe An2.lysis, and carbon by 

combustion .; A second dete:-cmination of' iron by a Fe.r•rous Titration was 

:mnd.0., 

}?or the aerolite, X-11ay 1/luo:r·oscence ai.1alysis on a fused button 1,·,r2.s 

used to dctei"mino SiO 'l1·i.O f1 l O lie O CaO, I,�nO awl Le:O. A yn'essecl l 2' " - 2' --� 2 3j 2 3' '-' -

mount was usocl to clotermine P 2o
5

, S end Cl, while K20 and H2.2o \'lore do-

1\bsorption Spectroscopy o 

':L1he results of the �nalyses of the ,'3ide1"ites a:ce shm·,n in 1rable 1, 

o.s ia a partial analysis of the 1:�und.:co.billa troiliteo

It is obvious from t}10 �Co.ble tho:G, for the mo.jo:c netcJ.s c.n(l

Co, 'Gho rnoteor:Lt0n Ca,x•o.J.uc c.nd Cund.r·c.1):iJ.1o. a:ce vor;y Dir!1:i.1r::co 

:i:'nJ.1 on a pco.k for o. plot of the f':cequency dist:,."ibu·Lion for· :�1ickel in. 

1;-icteo:citos .i at the vaJ.u8 of l'.ledium OctoJ10clcites· (no:cmally 7 .... 9;,·; }·(:L ) �-
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J\ .. B .. }..11 as percentacas except where indicated 11 ppm 11 ( 1J 2.rts per million) 

Go 

Cu 

3 

p 

Cl. 

C 

Co.ralue 

(Cut 1 ) 

90.79 

8.02 

00397 

'110 

(Gut 2) 

90,81 

famdx-abilla -��, ·<>••·····•-· •• �. - -

('froilite)

750 ppm

156 DDm 
�i 660 ppm 11 ;I ppm .. 

� � V:1;1,,,,IJ.�', 

G,C H <fa 
�r() I 

J)pm

32 

27 

8 

0.035 

O.,i 56 

ppm 31 

ppm 12 

ppm

0,017 

0.165 

n.d. 0,021

0,03 0.01,_ 

99 . 1 ,.s 

ppi::t �,5 pp�1 

ppm 1,.7 p1:-im 

n .. do I;( ppm

0.682 

0 .1,.01 

01>033 

o. 24-

99.72 

(·i) :B10rrous titration tote,l ·l 00,.367�

n. a,. Not clet ermined

1 2L1- pl)tl

n.cl.

n,do 

n. cl.

n.d.

1l
1 h0 minor metals are all somenhat highe:c' in the i\Iund:c abille. iron; 

this is a i-•cflection of it.s much hi,gher t:r. ... oilite content, the troili·0c 

t0ncling to soe.vange these elements ( Cu, Zn, Gr and l.:n) ,.. 

Sulphur, phospho�crw, ci1lorine and ce.rbon e.re h:l.eher in I.'.undrabillc.i 

e.nd are :;1.r:1onc;st the hishest recorded ., 
1l1 he sulphur content of Eundrabilln

is much h:Lghe:c thrtn the value shonn, due to selective oxiclation of rin1oh 

of tho --'c:c·oilito in tho small fragments analysed .. 
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1l'h0 tvrn Co.ralue cuts are very similar
., 

the only two real differences 

being fo:r sulphur and chromium. This is not surp:-.c.�ising in vierr of the 

fact that most of the chromium is pres0n-G in exsolution lamellae of 

daub:ce elite in the troili te, resulting in a lower chromium conten:'c for 

the sc col1.d cut" 1110 check the r·ather low sulphur values of C2,r·a1ue, the 

su1phu1-- per-cerrtag0 w2.s checked by cletermining the a.re a of' t:coilitc :J and 

the total nrea of four cut sui2l'aces totalling 165 sq .. ems .. 

Analytic�l 

Ca:raJ.ue Cut 2 
• ,,. � ' 

VlitcheJ.ine. 

The analytical and al'Oa percent2-ges are similar, nnd, when it is 

considered that the £'our cut faces rar.ged from 0 ., 009'/h to 0 ., 085/; sulphur� 

and th2:t the size of the inclusions is simil2r to the width of the 

saw-mxt, then the method and values a1�e very satisfactory .. 

. A compa:cison of the bulk c�na troilite compositions of l.Iun<lI'abillD. 

shov,s various COi1cent::cation fe.ctors in the troil:Lte for· some of' the t:cace 

Zinc has been concent1"ated tlu ... ee times, copper four t.in10,s
) 

• rn.'J.nsa:aese sixteen times
., 

chromilrn1 fifty times, w·hile cobalt shovrn a fi vo-

:;;''old d.cc1·0u.ce unU. nickel Et terif'old decrease °' 

rrhe 11i.ckeJ. content of unvreathe1"'erl t1·oiJ.ito is usuo.lJ.y ve1·y low; 

n:Lcl-:el being stronc;ly side:c·ophilic; 

ha.s cc:,used tl.'Je fo:cms:t:.ion of c� few percent pentlnndite contai1;:i.ng most of 

J.1ho bulk v2.lues f'o:c Eunci_1''2-bill2. s.re loY/ cs most of 

the:: t:.coi1:Lte haB bocn X'f:;�1ov0d by vrno:t.hcrint;, co.usine the loss of' t:1c: 

mi.iJO:c el0rnents" 1fho effect of v,10athe:cing Y/O.S E.;-tu<.1iocl by clctc:1·i!1in5.ng 
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1ihe Cu
:, 

Zn, Or, Lin, Co and :Ni contents of SulpJ.1ide, J.:otal 

IJ.1:coilite Uetal 2f� Sulphide Total 1 o,� Sulphide r1.1otal 

Cu 660 \') f' l'C\ 14-3 t?\-:, \'(\ 156 f\'IT! 190 f\>I','\

Zn 124- 1,_3 4-5 50 

Gr 1 , 9'; 2 38 4-7 205 

l,In 8';0 Y1 L�7 102 

Co 750 �-, 1 50 L;.,000 3,705 

Ni 7,570 79,9'15 79,900 72,720 

11110 total contents rrn:ce then a.etermined usiYic; the values of the 

moto.J. e,nd sulphide ( il1able ·l:.)
;; 

assuming 1 O)S sulphide for the uni'matherecl 

It is believed that 1 Oil Sulphide is not an unreasonable 

estimate of the t:cue sulphide content� I:lost elements increase ,,.:ith 

inoJ:-ee,sing sulphiclo, while nickel and cobalt decrease in the over-c.11 

Witchelinu and the stn:-.1cla.:c·c1 huv0 very similBl" cor,1positio:nc, cliffe1'-

ine; vir·tual::'..y only in the relative amounts of the va:cious oxide..tion 

l'li'Gchelina is & rno:ce highly :cecLucecl 

chon(h·ite th211 Pueblito de ,Allencle
,;1 

and contains mo:c0 rnotal1ic ir·on, but 

is o.lso hit;hly-'.'leathered, and contains a consicl01·2.ble amount of f'e:c:c·ic 

oxicl.e� J:.'erric oxide is ,2.,,bs0nt, or al.most absent., f'ro:o. unrteatho:ce<l 

or-0in2.:cy chonch·i t e,s Q 

rl'he e:mou.JY0s o:E' t:ho v2.r:Lous oxiU.ec of iron 'i".'Orc dotei':':1inecl by e. 

oomldn�1:Gion of methods; point countinc; :i:'"'m."' metal ancl m1lph:i.clo i:con
;:i 

a 

conce ..:\xlc.lysis ., 

rio,;;, dcto:cmincd, �1 v2J.ue for· coi.1te11t of' tho 
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',Jitohclina, the c.ve1•e.g0 for 0livine-Dronzite Chronditcs, and tl1e 

l.1o1e Percent .. Analysis foz, \"/i-Cchelina.

Eno 

HiS 

Co 

Cu 

Standarcl 

31, .. 23 

0.15 

0,00 

27.15 

0.23 

0.06 

1.L\YCo..1 :i?e 2)c8J
1J.lote1 J'd. "1 039 
•:1�·otal S 2"05 

0.20 

7.1 5 

0,22 

0,95 

0,-1 s

0,20 

7 .10 

0,57 

0,07 

0,05 

81.;- ppm 

79 ppm 

2l; . .,l1l.1. 

'i .,59 
2<)01

1 

99,77 

0,11 

0,00 

9,26 

0,23 

0.17 

0,17 

22.93 

0,00 

·17,76

0.10 

28,,58 
·j 068
2.07 

Yfitchelinn l�olO <,;-; �-. , ....... ,. .. ,- _,,, ... ,,_ . .,_,.,.,_,.,_,., ..

0,23 

O,i 9 

2,85 

0.11 

2,9.3 

o.Go
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It is assurnecl that the remaining nick:01 (1 .,02/�) ocoltCt\ in 

pentlandite, although some probably occurs e.s oxides .. ':Phis allows a 

value to be found for the ferrous iron content due to troilite u 
1:Clrn

ferT·ous iron (1etermination includes metallic iron as rrnll. 3.s ferr·ous 

iron in troilite. and silict'.2.te .. Knowing the arnount of n;etallic .s.nd sul-

phicle iron, o, value fo:c the ferrous iron in silicate 02,n bo found.,. 1l1he 

rer.10.inin.g iron is ferric oxide for:rned by the terrest:cicJ. v1ec.,thel'in5 of' 

metul
:, 

,st1lphid.e and silicate o 

Comparing V/i tchelina with the e.verae,0 for· the class, it is foun(l to 

be sit;nificantly low in silica and tots.l iron
3 

the latter p1�6bably clue to 

,·,ec.thcring loss, at least in part o It is significantly higher them 

average fo:c• A12o
3

, CaO and },IgO
., 

while, for the remaining elementr,, it is

very similar. ��
1he effects of this. on the mineralogy will be discussed. 

later .. 

A total of eighteen miner·als, of which three we.re form8d by 

te1-rostri2.l wes:'chering, rre1·e x-ecognised in the three meteorites. 

The minerals vrere identif:LeCl by optic·2.1 nnd other physical properJ�ies, 

X-re,y dii'i:ro.ction, or by elect:con probe analysis, or u cor.ibination of

these methods ;) 

a 0 .S.�r�1,c,t_uy·,Q, 

('l ) Gross Structu:ce 

meteorites, o.i1cl consists of about 60-907; krn:w.c:i.te-taenito 10.mcJJ.::1.0, 



1'2 

Oitl.�r the one orientu,tion, and the meteorite crystaliscd frott c., .sincle 

crystal. of () -i:con o Seve:cal lo,x•ee c:cacks 8..1."e pI'esent, and he.ve been 

a.cce!rGuatea. by v10athering .. 1l'h0 coarse srain-size of the 1umellnr 

lrn.nw,cite is noteworthy .. Ka.macite lamellae are from 0 ., 8-1 .,5 E'.L1 \'title, 

which places Caralue in the rnoc1iurn Oct:rahedri te Class o 

I.Iine1"als present in the l-.Ieteorites. Cnrelue, EunCLr8.billc,

anc1 Witchelinao

Konw,ci--'ce 

Copper 

Gro.phite 

.Pentlandite 

)JmibreolHe 

Sphalerite 

Abundant (XRD) 

1\bunclant ( P) 

VeX'y race (P) 

Rare (XJ.l.D ;)EP) 

Vcx·y rare (EP) 

.Rare 

},:undrabilla 

Abundant (XRD) 

Abundant (P) 

Co1mnon (XRD,P) 

Abundant (XllJ)) 

Common (P) 

Connnon (XlW,P) 

Very :c·2re (P) 

S.chroibersitc Comt1on (XT?.11
;,
EP) Very comm.on (XICO,P)

Chromite 

Lo.,·1rencito 

G-oetbite

D:i.opsidc 

Cris'co bali to 

B:conz:Lte 

01:Lvine 

lbX'e (l,1rn) 

Conunon (Xlill) 

PJ.r:.cioolru0,0-glo.sn 

Very rare (P) 

Common (X.lID) 

Common (XRD) 

Very rare (XllD) 

Yfitcholin8, 

Abundnnt (P) 

Common (P) 

Abundant (P) 

Common (P) 

Very ::care (i') 

Very l'CJ:'8 (P) 

Rnre (P) 

.Abundo,nt (P) 

Abundant - (P) 

I�bunclant ( �) 

Common (P) 

:Cdontified by X.till, X-ray Di:f'fraction; I·\ Phy,sical (oyjtico.1, ha:cc1-

ness etc o ); 



L:u1,1dr•o..billc., nhovrn the Wid.111anstatten pattern "' :Iowever., in 

this case
:,, 

many orientations exist: as the meteorite c:cyst2J.isccl f:i."'Om 

polc1°ystallinc '6 -iron, This is also shown in the ka�acite g1'uin-size 

r1here
., 

in cont:-cast to Ca;t·alue
., 

few grains are larger th.an a fon milli-

met.:c0 s, even in the appm.--e:atly course le.mellae o J.:unclrabillu has o.pproz:-

plesGitcs, un(l contains GO8.:i."' S0 troilite, g:-caphite and. .sclu--eibeTsite i'n-

(2) 

The tvro types ro•e common to both J;�eteorites, and. may be 

cl.oscr·ibed. as G-:can.ulnr and r.Iic:-cor1ic1mansts;Gten types ., 

G·rnnulo.r plessites consis..ic of anculo:c knmacite ( 0 .., 02-0 ., l:. rrr:1) 

nith G.lrnost i O)b angpl,9:c• taenite ., 'rriple points s,I'C common with taGnito 

tena.ing to be in these 2X'08.S o Schx·eibersite is oor1r::on
J 

e.nd is much r11O'.L'8. 

ir1"egu1,::• .. r· in g:C'ain-size then the nj_cke1-iron
., 

and, in contrast to {;o.ord.to:; 

tends to be concentratec1 at gl'ain inte:cfaces·., �Phe edges of these r1l'.co,s 

o.re mox·e '.:."egulnr
., 

c.nd of'ton hc.;ve e.n outer boundar·y of' taenite and

schcoiber·site (Pl.,:i.te 1 a) ,, A variation of this textu:c0 is :CounG. in 

}.:undr·c.b:LlJ.a v1ith 1 ... ou.ndcd. ·bao1iite
., 

tnenite-schr·eibcrnitc o:i.. ... scl:l:·eibe:csi te 

in a m0.tr·i::c or"' non,�granuleJ."" lrnJ-nacite; 

ilOl"'l,W.1 grrmu18.I' type, 2.�1d some tae:nite g1""0..ins o..re shs·x·ec1. by both 

L:i.cJ::'or1idJ1:an::rtatten st:cuct:ures :;_,...e:sernble the ·no:-c:nal structure 1xd:; on. 

a much f'j_n,,:;i-• scale
) 

vd.th kmno.cite g1:-ai11s on1:'/ about 0 ,, -j rn:n t.11:Lck ., 



very sinuous g Schrcibersite often occur·s in this structu:;.:·e as i-·l12.bd:i.tes 

( • ". 1 ·t ' ) . • 1 . . t ' ., v1rci.1in �camaci ·e gre.ins or J.rregu a:c grains be ·vmon ..:-::c.rnac1c0

(Plute 1c). 

Dark etching plessi tes again consist of two t�rpes often occu.1,ring 

togothe:r."' , and it is only then tho.t the two types can be distin[:,11isl1ed 

with any clec;ree of ce1"tain{;y ., '.Phe Duplex type is apparently the r10ro 

o.bunclant, and, ·where it occLU'S i'Iith the l:Irirtensitic type, it'is cent:i:_·o.l ;) 

It is lighte:t."' e1cchii1e;, generally coa.:cser· w-ith karnacito mox'e abundant, 

m1d often has a recognisable Widmansta-'cten orientation, c.nd formed f1•0:..;1 

the lower nickel portion of the pe.x·ent taenite grain (Plate 1 d.,e,f') ,. 

J,Io.rtensitic plessite may border the duplex structure or, er;,pecially 

in finer taenites, be the only form present. It etches darker, with 

a less distinct Wic.lrnanstatten orientation ., It is richer in taenite, 2x1d. 

formed. by the bJ.'oakcl.own of higher nickel taeni tes than cl.icl the a.upJ.ex, 

A third t,ype of lemellar ple.ssite is very common but light 

etching. It appears t? be an early stage of clark plessite fo::t·mation 

nhich., clue to its highe::c nickel content, has been o..r:cested and �Jresc1,vod. 

�Che inner boundo.ry of the ta.enite is veJ.'"Y ragged, and t.ho crouna. r:ie.ss 

cround- mass is unl-::n·onn, but IT!ay be a submic1,oscopic rnix:tu:ce of k211w,oite 

8.na. tuonite ., This pleGsite often passes laterally into mc,2."tensite 

Hhe:ce the ps.11ent taenite b1"oa.cl0ns ,. 

nox'm(1.lly fw.r.:: o. V icke:C'D Eo..rdncs r; in ·the :c2.ne0 260-280 � but, in Co.ro..1uc ;i 

the hec:G-nff'octed ou-Cer zone it.> partly prose:eved with values clown to ·J 60 
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in the outer 5 mm (li'ie:o 2a)o In Cr:rnlue
., 

the graii.1,s muy be up to J+cm la-g • 

but
., 

in J,'�uncJ.rabilla, they are generally much smaller ., 

rj!aenite is distinctly crerunish compo.red with kamacite, and h8-S o.. 

Vickers He.rcl.'1ess ranee from 370-l:.20 across a lamellae ::cieflectinc tho 

variation in nickel content <> 
1l1he highest values are from the Centro of 

the grain v:hore taenite may be st1"ainecl (li'ig ., 2b). Neumann lines are 

common in the kamacite, and are often refracted at grain boundaries and 

distorted near inclusions, and only rarely pass through taenite grains. 
cl· 

I /\ I 
300 I_,_ 

.,. + I / ,, 

V.H.

200

-r 

V.H.

200

KAMAC I TE 

I+ I 

/ I 
I I 

•1/1>.ENITE I KAMACITEI I 
I I 

+ 

100.; _____ _,_ ____ _,___ 
0 10 20 

200 O
•1 ·2 ·3 ·4

DISTANCE FROM EDGE M.M. DISTANCE IN M.M.

FIG 2a FIG 2b 

(2) SCJli,-Li.�JJJ.i::1.'.·(tLCTE is largely rest:cicted to g:cain bound.1?2ies rrhero i-t;

• occurs in a va:t:'io t.y • al" s itue.tions o 

( a) ,.:\,ssocinted with troilite nhich it pox·tly rims ( Carulue) or

forms l�..,ge borO.o_r:i.nc masses up to 1 cr!l or r,1ore (l-.;und1 .... nbilla)-.,, 

Baro euhedrc1.l crysto,ls mny nlso be found OJ."ound the bord.c1�s (F'lato 20,)., 

(b) 1\.t komacite-ko.mc.cite grc.in boun[lr, . .:cios r.rhe:co it vn:cies :i:'rom "'05

to �i mm or so in len.gGh, pa:eticula::cly in the YiiUinc.nstatten Pattern

where it 2.lte:cn8.'tos '/tit.h the tao:ni-'ce lamell8,0 ...
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ponGe • of -�he to,en:i.te p:,.:•oducing II corrosion° pits in the tc:.eni-Go 

("'l , ? • ) ., o:co ,._ b, C .. '.Che sc}:rreibe:csito erains nre usuG,lly isol2.tcC� in 

to,0nite, but tlund..r·abilla has exoraples of scl: .. rcibersite in cont2.ct 

Ylith taenite., 

( d) At kamaci te-k8macite bound2.ries shov1ing no relationship to

taenite, it is often coarser in these Gi tuations. This type of 

occuI·rence is corr1mon :i.n the Y✓hite plessites .. 

(e) A .. s euhcclral crystals usually isolated in krunacite grains, this

is the so-called rhabdite; very commonly as small c1°ystals alone 

c;rain boundaries in both meteorites (Plo.te 2d) o 

}
1 :com textuo,l evidence, it con be seen that sclrceibersite has 

c:cystallised over quite a range of time e.nd tempe:catU1•e ,. It is be---

lievecl that the sch.r·eibersi-te ( a) crystallised much ec..rlier, than 

(b) or (c), which possibly formed nt quite low tempe1·atur·e by

diffusion of nickel and. phosphorus .. In the latter two t.Yl)OS ;, 

the sohreibersi-'ce hus drawn the requisite nick:el fl'om earlier-formecl 

t&enite by local diffusion of the order of 005 mm or less ., 

scJu,eiberr.dte is late forminc is shov,n by the way it has· cor:codecl the 

c1o.rk plessi-te in some places .. If it is accepted that this plessito 

i'o:crna:Lion tOok place at a late sto,E;e, then the Jcl11,eibersite fo:cmcd 

ve:cy late .. 

(3) LA1,7lB:i'TC�C::L1E is Q_uitc commo::i, especially in l.lundre.billo., nhere. c�•ops

oose out of the metal intoJ.,fs.ccs in a mutter of hours .. It is 

r;reeui.sh-yellov, ;i and :i..s ii-·reGulo:cly distribute(l a.lone; karnacite-taonite 

bourn:1a.i"ies e.rnl around tr·oiJ.ite nodules .. Es a ro.c .. mlt of the methoU.. of 

poliched section prope,r.:-:/cion; the ve:cy unstable lanroncite YJas not .seen· 

:i.n t.ho soction,s, o,lt;houe;h the co:crosive ef'focts of its p:cesencc were soon 
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ov:Lcl.c11t .. In spite of its instability in the pr0sence of ·1·to.ter ,;:_ncl 

oxygen, lawrenoito has survived in· some appai"en-Cly highly v1eatherod ai�eus 

of the meteorites ., 

(L1-) r11 ::iOiliJ:i:E is rare in Ca:c·alue but very cormnon in T.:und.Pabilla, and i�1 

tho hexagonal form in both cases ., The troilite in Caraluo conoists of 

single subhed.ral crystals 'Nith a few rounded. grains which c.re stronf;ly 

px·essure trriilnorl .. One e;:-cain sb.ows two deformation eve:i.1ts; 

c2.L1.sed m:Lcro-fauJ.tine; along c. few i'!ell-c1ef:Lncd planGs shor,n by the cl.islocr.--

tion of G.uubreelite ex.solution lamellae; tho second (?) c.1oi'ol'mo.t:i.on 

canE>cd the formation of pressure tninning \'lhich crosses over -Che fractuJ:-cs 

Also p:cesant in Cal'alue are thin planar t:r.•oilitcs which 2.i-·o 

probo.bJ.y the so-called l�eiohonbach lru11e1lae ,; 

o:i:' the oric;in.al 6-i�con;i a1.1d a:ce up to 3 cm long; some h2.ve a su1:'rounc1-

ins layer of sHarthing k::.i.maoito" 

'.Croilite is oo:.11IBon in i.:unclrabilla as rounded polyc:cysto.llinG nod.u:Les; 

f:coquently vtith a series of 0O�1.cent:cic rne.rginaJ. grains \'Iith gx·o.phitc con-

tent d.oci·co..sine; inrrn.r·ds" 

up to Oo1 rnrn o:c mo:ce oooux·s o:t the rn.a1�gin Yfith some s:i:•o.phite in the. metal" 

1j:l1e outc:c· t:coilite banJ. is about i mm thick ancl contains up to 30;;: 

crap hi.to ;; gene::·2-lly very fine, but some coo.rser elongr:.tc cx·nins occu:c> 

One or two mor-0 conco;:icric bands i1rni(le th:i.s 

contain p:cogre::.rnively less gro.phite with CL.ifi'orent pre:f'erx·ecl m:·icl1t2.tions, 

}Jrobo.l)J.y rofloctinc; the diff8:cent cry.stalloci-·a.phic m:·iontation,s o:2 the 

t:coiJ.:.i:Cc" 1.L1 hesc be.ncls h.c�ve the cm11C crystallographic oriento.tion 

e.1·ounc1 t.h.e nodule: c1 ·, , ' 

O.lSTCL':lCE::·. 

poJ.yc1�}rsta11ino ) r.nd contains t�co.cos of e;:caphite at the mnrgi�1s· 

:i..o



A seconc1 type of occul'rence in bot.h meteorites is as cor,1posite 

grains with daubrcelitc and chx·omite, 2,n(l is usually associated \'lith 

L:u."ge sclu"eibersite era:Lns,. The grains are in the r�,nge 00 001 to 0 .. O•i mn 

and are fairly rare o In Caralue, troilite-daubreelite has exsolVed from 

.i\s the ex-

solution lruneJ.lc:.e (plate lJ . .0) a.re only 1 to 0 ,. 3 microns \'/ide, th\"? electron 

probe gave o. bulk anolysis of the grains, two giving the same composition 

of C:c
2
lre

7
s

10 
v1hioh falls in the (1vc ;1 Cr-) �S solid solution l'ielcl for· the 

1-} .. 

The gr·ains. were at higher temperatures a ch.:comita:a-

p;y-:c:cb.ot.ite ;i but at lor10r tempera:'cu:i."es have broken a.own to the encl filGrE-

bers ]'eS .Two eJ.e9tron I.Iicropi."'obe ano,lysos of' Ca.:cnlue 

Diffraction using t.he calibration g1,;o,ph of Arnold ancl Reichen 

1'he association chror.1ite-d0,ubreelite-troilite may be of use in clofinin0 

conditions of formation� 

( 5) D;\UB!'(EJ�Lr.L1E is common as li6;ht bluish-e;rey e�::solutio11 l2mellc..c in

troilite or· in the srne.11 composite grains describec1 nith- t1--oilitoo It 

is readily :cecognised with o. Vickers Ha:cdness of 350, e, reflectivity of 

36 and 0:.10 poo:c cl0&.v2-c;0 paI'E1J_lel to the length of the grain ., It 0011-

tainD occasionoJ., a9pa.rently later;i e):solution lo.mellae of troilite ,. 

It is moro resistant to woo.thering tlw.11 troilite. A micropx·obe ant.)J..y.,;;is 

In I.:Undrabille,, daubreslite 

li:L10JJ_o,e o..:ce continuous e.crons boundaries in the concen.t:cically b:,1ntltHl 
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( 6) CI·Llo:t,:11:b: is ve:f•y ro.re ;i althouc;h several mgc:coscoyJic g1"'0,ins occur

in Co.:co..luo and are ee.rlier than the daubreellte and may be e2r1ier thnn

the t:coilito (p1ate 3a)
,, Ver'.Y small c;rain.s Occur \'lith de,ubree1ii;e ancl·

trojJ_i-'ce in both meteqrites �

(7) COPPER was found as a single grain ( .,01 nun) marginal to t1,oilite

• a,:;sociateci. with cbubn,el:Lte ancl schreibersi te in Caralue ( Plate 3b).

(8) C•:RAPflii.1J� is common in I.Iunclrabilla, occurring in several ways ..

'l'ho occtn•:ccmco 1·,ith tr·oil:L-L:o h8.S boen clesc:cibecl, and :Lt also ir_; v81"'y

common at> eu.hed.ral grains in the large mare;incJ_ schreibersite g:cainn

.Also, in essentially graphite nodules v1ith euhed..:cul 

c:caphite aacl kam.e.cite, tc.e11ite
;1 

schreibors:\.te and accessory tro"iJ.i{e., 

Isolntec.1 g1�aphite cuhcd:ca occuI' in the metal nea::c graphite-bearing 

t:i..--oil:U:;e nodules,, Graphite crysto.llised early
:, 

certainly before the 

daubreelite ., 

(9) SP�I\L�lr.·i.1:� is vc:cy x·a:co, only two t:rains beint; i'ouncl in :.\lnclro.­

billo. in a tx•oilite nodule ·assoc&>.ted \\1ith daubreel:Lte (Plato 3d)
., 

("1 o) DIOFS:CDJi is e, common constituent of one troilite :r..oclule oith

g:c8,phito, d.oJJ.breeli-te o.nd sphale:.t:'ite, r.ri th some silicate in a lsxee

associc:l:.ecl :;;clrceibe:coitc mass� anCl in the ko.:nacite ., Cr·istobal:1.to has·

bcox� tento:l:.:hrcly identified. as o, minor associate with tho cliopsirlo ., 

C::vistobe.litc indicates cryst:?.llise.tion at a high temr)era.'Gure ., •�L1 he

;:_;:i.J.ico.tes o.r·e veined by J.td::er troiJ.ites, and. a:ce up to 2 r:-:rn in cl:i.e.­

motcr- (Ple.to )o) ., 

common in �-._'.undI·c.bilJ..a whe:ce it is x·cplacing t:r·oilite, 
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( 1 2) G·O��i.L1Il':CJ� is D.. p:cocluot of \'/Gathering; porticularly nea11 tl:e na:c-

cins of' the meteorite and in the troilite nodules o G·oethi te aJ.r10.yn 

riirw troilite nodules in }.iunclJ:abilla, and fo:i.,ms laq;oly by the vreather-

in5 of nickel-iron :ce.ther than troili'Ge o 1.�e.gnetite is intimately

a::::sooiated with goethi-'ce and only id.entif'ied by X-:ruy Diffro.ctioD. ., 

·1·, • 11 • 1 • J " t '' l l • l � ' ., 7 ' c is gen<:n,a ·-Y be ievoc. tnD. - 0110 su p 1ic es .i:ormeo. rrom 3, r.,,e_·c,

ancl. this is in acreement with the textu::c2.l a:r.1d structvral evidence 

seeno 1-'eatures such as the concentric banding in the 1.iurnlce.billa 

°C:C'oi1ites e:ce difficult to e::-::_rJ.atn e:xcept by cooling a I'.lol-'c o 

iD sOml> ovit�Bnce for local rel1ea:'cing ir1 Eunctce.billa, perho.ps b;y shocl: o 

It is not uuuDual to find among the White Ple,5sites local o.1"eas whe�ce 

the gr•::.dns hc,ve become x·ounclea. by a lnter diffusion, anrl the poly-

01"'y::d.:;o.llin0 keJnacite hG,s become ::� single grain ., �Phis is -the round 

D.::trk p1es.sites sometimes partially b:ceclc a.onn to the scn1e 

rouaded. g:co.ins (Plate 1 f') ., 

In oont:ccst, Co.1'alu.e shorrn 0, history with at least tYrn c1ofor·mntions 

of' the t:C'oilite as diBcussocl. bGfo:ce ., The sequence of events in Co.:.c£�-

lue is cryst.s!J.J.isut:Lon of ch:comite-troili te, ercolution of d8.Ub].'eeli-'co, 

fr,c:,.ctu:cini c.n.d. development of p1"essu:ce t'.·tinnint;� 

It is not knO\'/11 \'Jhether -the fracturing ancl pressu:cc t·:limtlng 1',re:c0 

r·olat.0d or two s0p2 .. :cat0 cven-Cs o Caralue sho'i'!s no evidence of lutcr 

ho2.ting as c�oos �-·:unch·eJ)il1ao 

�l�llc resistance to vrnathoring of -Che rno.jo:.." phases is scht10ibo1"zite > 

Enrlic:c olect:con probe vrn:ck ·by the B.H.P. Co o on .some !:>ilicn:'co 



the pl'esonce of i'orsterite, lJlagioclase al1d unknown aluminium and 

calcium--:cich phases (It., B o Wilson, personal communicution) .. 

J?e 

Na2o

Ali3 

Si0 2

CO,o 

J.Ic;0

:KLECI1RON PJ.lOBE .MlhLYSES OJ? LillNUIUIBlLL.li. SILIC}.:I'ES 

(a) (b) (c) 

1 o6ib Oo5ti 0 5d o ;O 

5o9 tl"' 5,4 

4.0,5 tr 28�3 

l:-7 ,8 39,0 l:-7,1 

!+, 1 1 o2 i l:.,O 

t;_, 56,9 tr 

IJ}heno analyses cor:cesponcl to 

(b) 

(c) 

(d) 

l!"o1•st01•it0 l,ic;2 Si0l;

Na
0 

(Ca,Fe)
0 

J\.1
0 

Si 0
'.\3 ~ ::, J 10 � 

Oligoclaso + J?orsterite 

(d) 

1 "0% 

4,6 

1·l "4. 

55�0 

1,2 

28,0 

'I'he forstc:cite is notewo:cthy for its very lov;: ix,on content, a 

fact noted in other iron.so The analysis (a) contains too much Al
?
0 7 ~ J 

and too little SiO2 to be a plagioclus0 ;i but rn:iy 1Je a rnixCure of

pJ.agioclo.r;;e ancl a hi&h alumina-low silica phaso o Similarly, the 

a::.w.lj-sis (c) is ·'coo high in (Ca 311'0) and .1coo loYI in alumina o,nCL· :c.dlica 

to be o. pure plucioclase, but may be a miA�ure of plagiocl2.se and a 

calcium•-iron silicate o 

Onl_y the placioclaso cud fo:.."stcrite can bo iclentifiocl with oer-

the silicates p:cesent o It woul<l a:ppoar that o. fairly cor:::plcx: sili-

co.to aos0mbJ.o.go is pre.oon-'c 0 When the sample \'to.s clie;ostcd, .some sil�� 
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ico.to 01'ains \'/ere f'oui1cl in tho residue, but in ir.cuf'f'iciont quadvitics 

to identify .. 'i1hey incJ.udocl ono b:r·ight creen t;l"nj.n, o. f'on yellorlish-

groon e.nd some colourless gra:Ln.s ., J1..t least two silicates could be re-

cogniscrl in tho polished section and have been identified o.s cliops:i.dc 

B,nd c:cif;toboJ.itc ., 1.'wo silicates were identif'iod by olect1�on p:cobe 

o.nalyDis and the p:cesence of at least two others sugscsted ... 

. Cc..r·uluc is a fairly normal mea.iwn oct1..1hech·ite v1ith evidence of 

deformation in the sulphidos <I l\ietnllu.r·gical investigation uw.y bo 

v:010 to define the nature G.nd intensity of the deforming forces "' 

l.Iundrabilla is o. romo.rkablc, per·haps unique, meteorite riith its

h:i.,zh sulphu:i.� :i phospho:cus, car·bon and. chlorine content and v.o.riety of' 

silicates pre cont .. Very fruitful lines o:f' research are ponsible in

22 

the minoraJ.ogy, buJ.k and trace element composition3 isotopic corapon:Ltion,

structure.l anc1. metallurt;icnl aspects, such as heat effects in the atmos-

phore and in space .. However, as yet
;) 

on..ly small ubLs-,ted and weo.thcrecl. 

fI·n0ments o.re available, a.r1d those e.ro· not suitable as they ru.0 8 un:cep1'cs-

0xrCe.tiv0 of the true composition (low in S ctc g ) and metallurgy {; 

hoped tha·G some a0reGrn0nt \'/ill soon be reached, and the smoJ.lo:c of the 

two i:msscs sectioned. to reveo.J. the true nature of this J.'"'cmurko.ble 

m0tco:cit0" 

is the most abundant. oplv1ue vlith the kamncit.c the

mo,st o.bun<lant phaso ., 

compat·Gd to komc.oi-'co o 

�L1aonite, fl:1-'chough common, is re1o:tivcly mir:.or 

Several types of asoocintions xce found: 

( D,) Kmnaoite in isolate cl £rains is tho most cor.imon mct.s.l pho.so 0 
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not uncommone 1.l1his may not be an oxs olution fe atur·e <, 

(c) T.senite gro.ins with exsolvod kamacite 0.1:·e loss cornr11011 (Plo:te 6b)

(d) Plessitic km1w,cite-taenite is very rare, only one c;rain boin&

positively identifiede This is an exsolution tex:ture o 

( e) Karn0,cite-ts.enite-t1•oilite eu{�ectoids 0.1--e· not uncor:!1:'.0n

(Plate 5 0, f), but tend to be in smaJ.lcr grains, The rnoto.1 iu 

cornmonly ·associatea. \'lith more 01· less troilito, un<l. the tc1::turcs 

sug:;_:;e.st they formed fror.1 ·a melt" The n1otal is J.e:Gcr than the 

silic{;�to; pa:ctly o:-c completely surx·ounding silicate e:ccj_i'}.S or 

cor::codint; chond:cules (Plate 6c) I> It ho..s been highly TtGD.thcx'ecJ. 

o.nd. about half of the metal has beon oxiclicocl to goethito,,

'I'.hs metal phase contains both exsolution tBxt1...�ros o.nd 1Ju·�;ccto:Ld. 

mix~Gui1 os
., the cxsoJ.ution textures apparently b·cint; later ., 

effects o.re shown by the softness of the meta1 (V ,.JL -1 60) � 

Schreiber-site .was very doubtfully identified as a few VGry swc.11 

pinkish srains in the metal phase ., Clu"'omite is a fairly r2J."8 

phase occur:r·ing as subhec1ral or euheq.J. ... al grains up to 0�1 mm ni"L;h 

troilito .. It may ho.ve corroded. edges where in contact w:Lth tht'.: 

silicates ., and is sometimes fractured a.nd inf'illed r,ith sulphide" 

(2) TROILr.rE is very cornnon, and is usually associutecl. Hit.h pent-

Like the nickel-i:con, it is later than the silicato ;i ·01.i:G ., 

• unlike the metal ., 
it shovrn evidence of rernobilisationo Sulphic1o 

occurs in silici::/ces ·s.hoVling evidence of some degree of' rccryst gliso.­

It has s0ve1'esl m.o-d0s of occurrence o 

(o.) Ji: .. s i1·r0gul8.r rims a:t.."'ound the chonclJ:•ules (Plate 5 o ;, CL),· 

(b) ..{\.s o. troilito-s:i.lico.te shell o.round. chorid.rules to o. clopth of

about 0"1 nun (Plate 5 o., b) ., l1o this depth, the choncJ .. rulos 



2l:-

appoo.r to be recrystaJ.lisedo1o 

( c) J1..s elongate g:cains in the bars of some olivine chonclrules

(Flate 60,) 

(d) As very fine grains scattered through completely recrystal-

1iscd chond.rules ., 

( e) r.i:hc comr.uonest occu:cronce is as interstitial e:cains scattered

throughout the siJ.ic2-t0 mat1,ix in 5:cains from 1-2 nu-:1 do'..·tn to le,3s 

than the x·esoJ:ving poner of the microscope ., It is often associ-

atod with :net al eit�1e1· c.s host or as inclusions� 

No evidence of pi:--irn.a1"y pentlandite was seen. 

(L:�) GO:GTI-ITI.1

}� is veY.'Y common B.S veins, veinlots or be.n(tcd mas1:ws re­

placing nickel-iron in po.rticulat· .. 

peroe11te.ge v1ith the average for the H-t;;ri)e chondritos sui:_;ccstc 

thg·_t. tl:.ore has been little o::-:id.ation of troilite to goe·Ghite, but 

tho,t n:i.ck:01 has X'eplacec1. the i:c·on r1ith no sulphu:c lo::rn .. 

( 5) OLIVIifr� is the most abundant 1i1ine:r.·al occuc1.,ing as choni.ll"'ulos or

in the g1"'ound-ra.ass ., Co1ourless
:i 

unless goethit.e-sto.ined :i it

displayc a. clistinctive fractu1"' e pattoi-·n, and is optice,lly --ve

v1ith a 2V of 92 ° , giving a composition of l�a
,\ 0

❖ Ju 

in .several O..:Lst:Lnot r,a.;ys:

Olivine occurs

(a) Chondrulos nl:.ioh vary fr·om sincle oryste.J.s to polyc:cyctoJ.J.inc

.. .:\0 o. General rule, tho most :cound.o(l chond.:culos canto.in the. 

1eo..st numbo:c of' Gl"'ains, 8,ncl alr110Dt o...11 show soine shock fcutu:ccs o 

Shock: ii.1vnriably· p1·oduoe;.1 a turbid t;lo.ss in the chond:c1.i.l0:J � 
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either as bars in ·the les.s disaggx'ogG..ted chonclrulos (Pli:J:Le 6f) 

OI' as an i1'::cegular ground-mass in the more h:tgh.ly. fX"c.ctu:ced 

(Plate 5c), The bn.1'red chondrules frequently have a prefe:i:·rcd. 

orientation shorling melting in situ o In some of the granul2.1--

chbnd.rulo,s, t.ho i'ragmentD o�re e.l.most all euhcdrnl; l)erha:1:3 

indicating roc:i.'ystallisation u 

is li11d.t0Ci. to an outer sh0ll -0 

In some chonclrulos, -Che 0las.s 

0radinc imperceptibly into chonrll .. ules, are pe::c·haps defo1Jnecl 

ohondru1en u 

(c) Tho c;round��mass consif.lts largely of' :Cine angulo.r olivine ','1lrich

may }J8,S3. i:c1to e.r;gr·c.sc.tes 01,.. c:{·ushed chonc1:.cules o 

( d) .:\.G r;ro,nules rrhich 2.:ce too m1.e;ular to bG chondrulcs, btd; too

lo.x·ge to be considered gs po.x·'t of' the gx·ountl-:u1asn ., 

X-1.·o.y Diffrc,ctomete:e rleterm:l.nation.s of the olivine composition by tlw

Lritish L":usmJJi1 {)G,Ve � 

(a) 19;-;·; li'a usin.; the method of Yoc1cr and Saha::1a (-i 957), cmd

(b) 2-1�-G Ii'a using the mothod of' Lo'..dsna:'cho.m 0.11d Smith (1968)�

( G) O:ftf.'EOPYRO�{r;N:r; is common as prismatic chond.:culcs ( Plate 6c),

often fib:r·ous ,:) 
� ' l ' 

c,110. :c2..ct.ia·cing (Plo:ts 5a) u 

bro1<en
;; 

but are never c1isa_sgregatGc1. g:cain,:,, o.}:'vhoush ::.;ine;le o.nc;ult.,.l"

f1.�D.grnonts o.:ce found o Partial recr-;ysts.lliso.:Gion to ooo.x'r:,;ox• g:cain,s

ocoffcs, 8.nd those ar·e almost colourless ( cl1ornlrulc0 D,l1'1ays

O,fll)C�;,1• gx-ey beco:,.12,c of' 

·'··· • ci 0y- -:-, <9r: O "\"' 7 VJ.Oil, c.. ,:_ OI :J ;> c-,L 

the 

a:ce 

fino gr·ain-size) 

optico,:L1y -VG" 

B.oc:cystc,11isatio11 of the outer· mm:·0ins of' tho

:i'.'im ,, 



chornb."ulo 1·or·.i1ation occuri:'ea. by p:i."Gc:Lp:Lts:tion from o.. melt or vapouro 

( 7) CLidOP';[J.LOXEII!� is pa1.---ticulcu."�Y con;mon in n1onoi:1inoralic chond:cules or

with olivino,. It ic fi:ne1" nnd. aiJparently lose co:s,1O11 in tl10 ci-·ouucl-

ninr; .. 

It; is colou:cle.ss and reo.dily identified by itn mu1 ti1)lG tr,rin�­

Gro.inr3iz0 is gene:cally less than 1 rmn, ana_ mo:-Jtly too fine to

obtain an optical fic;ure (it is +ve) or 2V ., 

member of the diopside-hedenbergite series ., 

It is. believed to be a

(8) G-L:�ss is not u:i.1common
.? po.1 ... ticularly in the olivine chonfu ... ules and

scattered through the ground-mo.ss o Some chonclrules contain as. much o.s

t;�,rn---thircls glass ., 11'Iuch of the glnss is d0vit:cifyi:r-5 c�n<l fo:ci:iine

gX'OUpo of x•adiating c:c;ystals o:f' a clear mine:cnl \'lh:i.ch may be

p1agioclas0 o 

b., l\io:cm CG,lcuJ.o ti.on 

The on1y si;:;ni:CicmTl:: v2rin:Cions from the average fo1 .. \YitchGlina are foi.. .. 

alurainium, ctlcium c,nd mae;nosium, rrhich a:ce hit;ll
,1 

and silica 2.:n.d iron r,1 hich 

.Issuming the nn;,,:...lyses to he correct 
3 

then this :c0su1"l;s in a high-

BJ." ol:Lv}nc ancl loner pp,�oxone content (less silicD.) v1ith mo.re f0lclsp£�1: 

(higher lime fu1d e.J.um:i.no.) tho.n av0.:i.--1a5c from the no1 .. m calcule.t:L6n,:, It is 

likc1y that so:nc of the o.lumina is in the pyroxene
:, 

thus re(·tucing the toto.l 

Ec1;1oufft und liJn8 content of' the feldspal'' o 

' . 
i)imilu:.�ly;> some of the .tito.rda and ch:co�1e is probnOJ.y p�cf;errt :L.n

py-:co:cone
;i 

roducin.s the o.rnou1Yts of· ilmenite 8.::.1.d chx·ornite ,. 
1.:Che calcuJ.s,'Ccd 

rr:Lth th.c v.:.ilues obtained by 2V measurement v.ncl X-J:'i\'./ D:L:Cf1'c.ction" 

iJ:Ltcholina :Ls an O1:Lvj_ne�-B:conzite Chond:cite ia the modifiod fi'iox' 



loldsp<.-1.:c 

Diopside 

Hypersthene 

Olivi,10 

Chro1:1it0 

1lmenito 

Apo:Gitc 

Halite 

Pe-Ni-Co 

(Fe,Ni)S 

l�eldspar

Orthoclas0 

.i\.1bite 

},.no:rthtt e 

Olivine 

li
1
or,sterite 

L''ayalite 

8-1 .oo

19,00 

Vfitchclino, 

0.28 

73.05 

5 ':"" iO 

)20 - 35 
) 

16 - 21 

approx o 5 

o.oo

1-IY})ersthene (Bronzi te) 

Enstutite 

17 ,55 

Diop Biele 

Y{ollastonito 

Enstatite 39,1 0 

F01Tosilit0 
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cJ.nssif'ic2.tion of Vnn Sc}mms and 1,'iood, but, owing to the lirnitocl nrnaber 

of tlwir pax·oReters atuclicd, this p:coved sornew.hat difficult o the 



turbid glasc present; socondury fold.spGr absent or V8l"Y f'inc;nith 

rrell--defined chondrules, and it has a cleai .. crystalline ml?.t:ci::c" 

28 

1.1hin, pluo compo,rison with some mete Ori tes of known cheL1.tccl-pet.t·ologic 

typo, places \7itchelina in the Hl1. Group .i 

rlitchelinc. iD a highly \':eo.thered stone, thin -tcnrJ.in& to mc�(0 

{?.110.l�,-icical CcD,t.s. doubtful and obscuring the pct:c olo5y" 

done on "Che c.omposition of the 01...,tho- unrl clinopy;."O:;,::enc; tl1c e;ls.Ds 

and :Lts devitx·if'icatioi"1 p:cocluct, and the metal pha.scs" horrnvc:c·
.:l 

been.use of the fine size and -;·rnathe:ccd nature of the Ii).ate:cio..J.) 

practic2,l mineral separations n1,e impossible, and -the only method 

nvc,ilable i.s the electron probe _. Better analyti�al d2-ta for the 

vn.:cious oxidation sto.tes of iron rno.y be obtnined by using the cl:1orino 

dictillatj_on method of !,:oss, Hey aml Bothwell ( 1961 ). 

the c1eterrrdi.1ation of sulphur, 11hospho:cus and chlorine in sicl.orit0s by 

conve:cting the sample to oxide via nit:cuto under strongly oxidising con-� 

d:Ltions to pr·evont the lo.ss of so
2

., but at not too high a te11pc:co.ttu'c to 

drive off vole.tile ferric cl-J.o:d.clcs .. 

i'o:i .. " i11 on because, 1·1ith the high perce·ntac;o p:cecent, th0 relative o:c:co:r.. .... 

becomes quite a. significant absolute er.t·ox• .. Ator�ic ,,.\bsorption S)ootro-

s001JY i::; :.::uitable f'o:c determining most other minor a:c1cl ::.one trncc� clor11c1-rl;o� 

1.L1he co1aposition of acJ."olites can be quite x·apidly cle-'cGrmin8d by X-ro.y 

i,�rt:ho1� than by tho m01.,o labo:c-:Lous methods usuo.11y usocl,, Sulphu:c nnc"L 

chlo:cino co.11 be determined accurately on pressed mour.:t.r-; _, 



cl10nclritc:s hnve e, fc:.irly con.sto,nt eo;nposition., then the u.so of a 

Jne-torn.'i'Gc as o.. standard reclucc,s co:c:c0otions to o.. r:1in.iJ;lU1::io 

aD are G-·\ and ';'/-\ in terr0stl0inl petrology. 

Thanks are due to DX'o Jo B -> Jones for sugco.sting the 

P'F.ojcct ;; to the Depo.r·tment for mcJ(in0 ,so.mples of Cur1.Uue 

and i'litcholina availo.ble, and to I,Ir" llo B" Wilson for 

providing samples of itundro..bille.9 to Dro Jones and 

Liro R.i Both fo:c their patience and advice during the year ., 

'.l'hanlcs also to lir., l1{ussared of tho Department, and. 

1-.Ir., L .. C'rx•een of the So A,., Institute of 1l'echnolo8y for 

polished section pr0pa1•ation, to 1,liss D o King for

. o.s.c.:.istance in the X-:cny Diff'11action v1ork, and to 

1:Iro G., Goss of the Defence Standards Laborato1.,ies for the 

ctt.1....,bon analyses .. 
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(o) 

Angular taenite ( tn) in a rnatri:x: 

of c;ranular komacite (km) 

(b) ROUED PLESSI'f:ill

Round tncn:Lte grains in a single 

Has an almost 

coruple-'ce 1�in of' taenite ( tn) and 

sc)D.'Gibcr·sitc ( sb) 

(o) 

( cl) DAH1( PLESS:C.L1E

Shonin.e unclecomposed outox· taenite 

( tn), an into:-i. ..... mcdiate zone of rnc.J."'-

tensitic plossite (mt) ancl a co:co 

of coa:cscr duplex plessite ( dp) 

1oce,J. ci.:iJ':C'usion of I.Ti causinc; 

Cli.}t!i.L1JE 

C:\.ll.ALUE 

Photo­
micrograph 

(X 11 0) 

(X L:-0) 

l.:u:ND R:\.B ILL.A. (X 110) 

(X 290) 





A troilitG ( t::··) noclule partly l''immed by 

' .,. " (') SOfi.r01.uOJ:"Sl°G8 30 

.:\. d.s,uln'eclit:0 oxsolution lmaelle,e ( d.r) 

ku;-::.o,ci·te-to,exiito bounde.ry producing s 

corrosion pit in the "Go.enite ( tn) 

Diffusion of Ni f:eo.ta tacnite ( t:n) pro-

d.ucinc; rac:;gea edc;e s in the t;aenite 

E.h.all eul1edr;:;l :chc-..bCU .. tes 0,lo11c kmno.c:l.te

CA}L\LlJE 

CARltLUE 

CJ\l:U\LUE 

?..llTI�DlliIB ILL11 

t1·oilite nith 

(X 290) 

(X 290) 

(X 110) 

(x 700) 



a b 

C d 

e 

P L A T E 2 



}/:co.ctu:co off'se-tting daub:ceelite (dr) CARALlf.S 

(b) COFF:Gll (Cu)

At t18 .. rgin of t.:coil:tte ( tr) a.sso6iated 

·with dnubreelite (dr) o.nc1 Sclu,eibex•site (sb) C.AlU\.LUE

( �) GRAPEJ.':"C.-S (gr) EUIEDllA. TI{ 

3CitU�IBERSI11:8 ( sb) Lul'TDRABILLA 

( d) SP£��\.L:e;1LL'l'.cl ( sp)

With clm1breelite (dr) 

silicate (si) in troilite (tr) l.ITJND:'11,EILLA

(o) SILICNrE (si) IN 'l1llOILI'11B ( tr) EWIDRABILLA 

in c;oethit0 Cs;c) with gx·aph:Lte (sr) HUlfDR.illi ILLA 

(X 290) 

(X 700) 

(X 290) 

(X Lf0) 

(X 700) 
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CAR.ALUE (X 700) 

( ' ' 
D) 

I�cichenOuch Lsrt1ellae 

EJ.ectron BackscD.tt01. ... L112,ge of daubreelite-

troilite gn::dn in soh:coibor:.:1ite (sb) 

SC.:\?'TS 

SULPHUR _ (S) o.hd.

(All X 590) 
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Y,"i·Ch t:coilite in a reorystr.llised. 

1I1r·an.smittocl light (" A

(b) 

( c) ill J:·cflccted light (X 1,0) 

Eci'lc:ctocl light 

(X 700) 

l;_:D.1112.cj_to (km) ;i taenite ( tn), troilite ( tr•) 
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(o.) in bo.1•,; of Olivin0 Chond:'ulc (1,efl0ctcd li[;ht) (X ·\ ·; 0) 

(km) (tn) 

(reflected light) (X 700) 

.(transmitted l:i.gh-S) 

( tro.ns1e1ittcd lit;ht) (X �-0) 

OLlVli<� 



Q b 

C d 

e 

PLATE 6 


	Schmidt0
	Schmidt1
	Schmidt2

