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ABSTRACT

Three leteorites have been analysed, petrologically and
minevagraphically described, Two, Caralue and iundrabilla, arc
medium octanedrites; Caralue is a genuinely low sulphur meteorité,
while ifundrebillo is exceptionally high in sulphur, phosphorus,
chlorine, carbon and contains accessory silicates Bight pri-
mary minerals have been found in Caralve and eleven in lmndro-
billa. Jineragraphic inve;tig cions show interesting crystal-
lisation and Qeformation events in the two irons, The third
meteorite, Vitchelina, is o highly-weathered Olivine-Bronzite-
Ch&ndrito vith a high convent of ferric oxide. Ninc primary
minevals were found in Witcheline, while all three metoorites
contain pentlandite, goethite and magnetite formed by weathoring.

Sompling and analytical methods are discussed, as are the

relationship between composition and mineralogy for the sid-

erltes and aerolite, It is concluded that X~ray Fluorescence

n,

is a suiteble analyticael method for 5, P and Cl in drons, and

for the determination of 8i, Ti, &L, Cr, tobtal ¥e, in, Ca, P, lg, S
and Ci in aerolites,  Atomic Absorption Spectroscopy is a valuable
teclmique for determining Ni, Co, Cu, Zn, Cr and iin in siderites

and aerolites,
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The eim of the project was to describe three prVLau studied
Australian lieteorites, one serolite and two siderites.
The aerolife "Witchelina"” was found in sandhill country en
Pitchelina Statien, apouron tly in the 1920's, by Lr. T, P. Gourlsy,
in whose family's possession it remained until 1967, when it was donated
the University collection By a grandson of the finder, The location.

the £ind 1s unknown except for the vague description "from Witchelina

Station," which is approximately 15 miles west of Farina in the north of
South Austrelie (location ebout lat. 30°3, long., JSO ). It is a well-

orientated stone with "%

chumbprints” on the rear surface and an suterioxr
aerothermal abletion surface., The stone weighed 3,637 gms., and was
complete except for e few grams removed from one end. LThe specific

groavity of 3,27 reflects its highly weathered state; uwuweathered chon-

=

.

his class are in the range 3.6 to %.8. (A, U. 21560%4)

T

drites of -
The siderite "Caralue" is another poorly located meteorite, its

'\

location being known only as 14 miles ¥.VW. of Darke Peak (location about

= 0.,_ - (6] ~ 5 . . . t i
136 &, 33 15'8), This places it about 8 miles west of Carelue, a small

railway station in central Byre Peninsula, South fustralia. This meteor-
ite has previously been known as "Cowell,” a tewm over 50 miles distanfq
This neme is considered ineppropriete in view of the meteorite's broximity
to Carolue, and it is suggested that the name "Cowell" should no longer bo
used. The meteorite was purchased from R. J, licDonsld, apperently the
finder, by the University in {955, and weighed 5,70 Kgms. (ANUO ﬂ8295)
The siderite "Fundrabills® is easily the lergest recovered motcorite
from fustralia, having a total mass of over 16 tons. Two masses of abow:

A

11 and 5 tous, plus several hundred smaller fregments were recovercd,



The meteorite was located in March 1966 by sccident after earlier
scarches based on reports by a rebeit~trspper had failed. The location
is on the Nullarbor Plain in Western Australia (Latitude 30047'8,
Loagitude 127 33’ E). The samples studied comprising some of.the small
fragmueats, were 6btgined on loan from Hr. R. B. Wilson who, with

e Ao e Cooney, located the meteorite. ( AJ. 20475 )

A, ANALYSIS

1. SHIPLTG

FIL 3

The serolite was sampled by crushing a 20-gram block fronm
which a polished, thin section hed been made. This allowed a
close comparison of the mineralogical and chemical compositions,
Cuttings obtained in sectioning the siderites werc used
for enalysis, eand repiresent o better average than thal obtained

by the usual methods. Coatamination calculated from welght

o

loss of the blade is only .04, thus contemination off only

L ppm oceurs from & one per cent, componant in the blede

©

The blade contaihed no elements capable of causing significant
contemination of the somples, Froblems arise through oxidetion
of troilite causing sulphur loss, and also due to the herdaess
of the troiliteland schreibersite causing culting difficulties,

Sampling of siderites is usually done by sclecting an avea frce

from inclusions, and either cutiing out a block or using Grill

€]

R

cuttings from vhe area.  This must then be en uwnrepresentative

sample ©o has been shown by Henderson and Perry (1958).. is a
test of the reopresentativeness of the samples

, two cuts were

made in Cavalue ead the analyces comparcd.



SOLUTLICHS
Three solutions were made of egoh siderite: the first,

dissolved in hydrochloric acid, was used for Atomic Absorpltion
Spectrographic Analysis; the second, in sulphuric ecid, Tox
determination of iron by oxidation of the ferrous ion; <the
third solution, in nitric acid, was evaporated and decomposed
to the oxides and used for the X}ray Fluorescence fndlysis of
sulphur, phosphorus, chlorine and iron. A sample of
Mundrebilla treilite was dissolved in hydroch}oric acid Tor a
pertial anelysis of minor elements. & semple of Witcheline was
dissolved in hydrofluoric ecid and perchloric acid for determin-
ation of KQO,NQQO 2nd some troce elements,

STENDARDS

Por Ltomic Absorpltlon Spectroscopy, two standards were
made containing mixgures of iron, nickel, cobalt, copper and
cluromium in the range f'ound for siderites of the same type as
Caralue and lundrabilla, For sll other Atomic Absorption
Spectrogcopy, already-prepared standards viere used.

Por the X-rey Fluorescence analysis oif the siderites, two
standards were made.up: one consisted of o mixtare of iron,
nickel and cobalt oxides of o similar composition to the sider-
ites, and was used in the determination of iron; the other was
nade by adding kunown amoun*s_of sulphur, phosphorus and chlorine
to o sample of Caralue., A pressed mount contoining an added
Xnowm amount of chlorine wes used to debormine cllorine iu

Vitchelina,



Owing to the desirability of having the standard end unlnovn wit
similer compositiens, it was decided to use o meteorite as a standard for
the bulk onalysis of Witcheiina by X-ray Fluorescence Analysis. #s a
meteorite suitable for use as a standard could not be found in the Tate
iuseum Collection, it wes decided to use the recently-fallen meteorite
Pueblito de Aliende-(Type 111 Carbonsgceous Chondrite), (fell Feb., 8ih,
1969) Chilmehua, Mexico (A.U. 20539 )o As it is an unusual type, it
will be well analyéed in the fulure; however, a suitable preliminary

analysis was obiained from D: Brien Mason.

L LY TCAL 1T

oers

For the sidewrites, nickel, cobalt, copper, zinc, manganese. and
chromium were determined by Atomic Absorption Spectroscopy; iron, sulphuw,
phosphorus end chlorine by X-ray Fluorescence Analysis, and carboa by

combustion, A second determination of iron by a Ferrous Titration was

made
Tor the serolite, X-rey ¥luorescence analysis on a fused buvton was

used. to determine 8102, TiO2, Al?OTj Fezoﬁ, a0, MnO and kigl. A pressed
-0
mount wes used to determine P205’ S and CL, while X_,0 and ﬁaQO were de-
(8

termined by Flame Fhotometry, eand Co, Cu, Cr, Zn, iin end MNi by itomic

Absorptien Spectroscopy.

5.

The results of the analyses of the siderites sre shown in Teble 1,
es is o partiel enalysis of the Mundeabille troilite,

Tt is obvious from the Toble thot, for the mejor netels Fe, i and
Co, the mebeerites Coralue and Iundrebille are very similewrs  Whey both

©8ll on a peak Tor o plot of the frequency distribution for nickel in

meteorites, at the velue of iledium Octshedrites (normally 7-% ¥i)..



TABLAE 4 AVALYSES of CARALUE, MUFDRABILLA aond UMNDRABILLA WROILITE

=

. . : : A5G4 \
#.B, 11 as percentages except where indicated "ppm" (parts per million)

Coralue Caralue kundrabilla Mundeebilla
(Cut 1) (Cut 2) _ (Troilite)
o (X2m) 90.79 90,3 89,94 _ n0d,

9M.69 (1)

i BaOé 8,02 7.99 —na.ny ﬁ 0.757

Co 00397 0,201, 0.400 750 pem

Cu 110 ppm 119 ppm 156 pom *?i 660 ppm
b Renorn

43 32 ppm M ppm L5 ppglecgo¥° 124 pon
s s

Cn 27 ppm 12 pom L7 pon -q 1,912 ppn

N 8 ppm n.d. 47 ppm 812 Ppm

S 0.035 - 0.017 0,682 n.d.

1 0.4 56 0465 0,404 n.d.

Ci. | a.d. 0,021 0.033 n.d.

c . 0,03 0.0l 0.2 n.d,

POTAL 994 99.48 99,72

(1) Ferrous titration totel 100.36%

n.d. Not determnined

The minor metals are all somewhat higher in the Nundrabiila irom;
this is a reflection of its much higher troilite content, the troilite
tending to scevange these elements (Cu, Zn, Cr and In).

Sulohur, phosphoruy, chlocine gnﬂ cerbon ere higher in llundrabille,

e
o

nd are amongst the highest recorded. The sulplr content of Hundrabille

r

is much higher than the vealue shown, due to seclective oxidation of much

€

of the troilite in the small fragmnents analysed,



The two Caralue cuts are very similar, the only two real diffecrences

being for sulphur and chromium. This is not surprising in view of the

fact that most of the chromivm is present in exsolution lamellse of

daubreelite in the troilite, resulting in a lower chromium coantent for
the sccond cut. To check the rather low sulphur velues of Caralue, the
sulphur percentage wes checked by determining the area of troilite, and

the total area of four cut suriaces totalling 165 sq. cms.

AT
PTABRLE 2
L e R A e ]

SULFITUR

S ATy bt

e 1ok b - E

Caralue Cut 2 fiteheline

Aaalytical Co01 7% 2,085

drea C.009% 2,145

The eanalytical and eres percenteges are similar, and, when it is
considered that the four cut faces ranged from 0.009% to 0.085% sulphur,
and thet the size of the inclusions is similer to the width of the
saw-cut, then the method and values are very satisfactory.

A comperison of the bulk and troilite compositions of Ifuadrabilla
ghows verdious concentration fectors in the trollite for some of the trace
elements, Zinc has been conceatrated three times, copper four times,
‘manganese sixteen times, chromium fifty times, while cobalt shows a five-
$0ld decrease and nickel a tenfold decrease.

The nickel content of uawesthered troilite is usuolly very low,

veathering

3

nickel being strongly sidecophilicy however, ilu this case
hos ceused the formetion of a few percent pentlandite containing most of
the nickel present. The bulk values for undrebille sre lov gs most of
At de A 4. 1 3 - = - A A -\ a 2 um e o - L CLEN)

che trollite has been removed by weathering, causing the loss of the

minor elements,  The effect of weathering vas studied by determining

"y 12

T P [T SRR [ S A T 4. 2 T T o - T SR
, Ni end Co content of the metol, lknowing that the

the Cu, Zn, Cr, in

7

neteorite contained 2% sulphide,
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PABLE 3 The Cu, Zn, Or, in, Co and Ni contents of Sulphide, iietsl

and Totels for 2% (weathered) and 10/ (unweathered) Sulphide,

Troilite lietal 2% Sulphide Total 405 Sulphide Total
Cu 650 pipem 143 ppwm 156 pym 190 pem
Zn Tooq2h L3 L5 50
Cr 1,942 38 L7 205
lin 810 * L7 402
Co 750 2,150 4,000 3,705
M3 7,570 9,915 79,580 72, (20

The total contents were then determined using the values of the
«n Ty N 1 = S ]
metol end sulphide (Woble L), assuming 10% sulphide for the umreathered

meteorite, It is believed that 107 Sulphide is not an unreasonable

estimate of the true sulphide content, Host elements increase with

inem 4011 sulphide, while nickel end cobelt decrease in the over-ell
gnalysis.

Witchelina and the standard have very similar compositions, differ-

ing virtually only in the relative emounts of the various oxidetion

; ; i e e . . . : s o
stotes of iron present (Table 4). Witchelina is a more highly reduced

chondrite than Pueblito de Allende, and contains more metellic iron, buv

Fal

ad.ghly-weathered, and contains a considerable cmnount of ferric

oxide. lYerric oxide is asbsent, or glmost absent, froom unveathered

ordinary chondrites,

YH <

ne amounts of the various oxides of iron vere deteralned by g

combination of methods; point counting for metsl and sulphide iron, a

ferrovs dvon titwetion, and a tobtsl iron determination by Xeroy Fluopres-

cence Anelysis.  HFrom the point counting, the metallic and sulpbide iwon

1

vias determined, and a value for the nickel content of the mebol estimated



10

W,

Jeight Percent Analyses for Pueblito de Allende (Stendard),

Witchelina, the everage for @livine-Bronzite Chrondites, and the
ifole Percent .Snalysisfor Vitchelina.
Stenderd  Witchelina  Aversge (1),  Witehelina Kolo !
510, o2 33601 36,17 316
110, 0.15 Ootdy 0,11 0.10

Al O, 5027 Dald 2.36 1.96
23

< 3 0052 0620 002? 0025
.L"(3203 Oooo . jl 2096 Oooo 1}-.90
#e0 27,15 715 9.26 .01

16 018 0,22 0.23 0,49

Cal 2.61 2,55 1.95 2,65

Cu 8l pom

Zn, 79 »npm

Potal Pe 23,83 2o lids. 28.58

Total N3 41.39 } 59 1068

Total 8 2,05 2,07 2,07

MOPAT Q0 7L 77 00 o ' 5
HCRAL 9947 99,77 9975 100,05

Ll U a0 Y e v / __r:" - A N : . ) 7 I ._ )
(i) drey and Cregi (\S)J) SupeLlpy Analysis of 94 Choumdiites ~ 1 Tva

o

N
(0] .(S.‘,Ta
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(0.57% ¥i), It is assumed that the remaining nickel (4.02%) occurs in
pentlandite, slthough some probably occurs es oxides. This allows a
value to be found for the ferrous iron content due to troilite. The
ferrous irvon deterimination includes metellic iron as well.gs ferrous
iron in troilite and silicete., Knowing the amount of metallic end sul-
phide iron, a value for the ferrous ivon in silicate can be found. | The
remoining iron is férric oxide formed by the terresfrial wegthering of

" metal, sulphide and silicate.

3

Comparing Witchelina with the aversge for the cless, it is found ©

-

be sigrnificantly low in silice and totel iron, the latter probably duc to

vecthering loss, at least in part. It is significantly higher then

average ifox A12033 Ca0 and HgO, while, for the remaining eleNOQuu, it is
very similar. The effects of this on the mineralogy will be discussed
later. - _ . 5
ELubRa 6 R &P HY
A total of eighteen minerals, of which three were formed by
terrestrieal weathering, were recognised in the three meteorites.
The minerals vere identified by optical and other physical properiies,
X-ray diffraction, or by electron probe analysis, or o combinaticn of
these methods.,
1
a. whructure

(ﬁ) Gross Structure

Caveluc shows the typicel Widmenstetlen structure of octehedrite

mebecrites, ond consists of about 60-9Cj} kemecite-taenite lemellee,

vith about 10-46% verious interlamellor plessite structures, and.

conteins no noteworthy inclusions. The Widmanstatten patiern hos



only the one orientubtion, and the meteorite crystalised from o single

crystal of

accentuated by

kenacite is noteworthy.

which places Caralue in the medium. Cctehedrite Cla

EABLE 5

Keomacite
Tapnite.
Copper
Graophite
Troilite
Jenclandite.
Vaubreelite
Sphalerite
Schreibersite
Chwomite
Lovirencite
hagnetite
Goethite
Diopside
Cristobalite
Bronsz L’ua

OLivine

Tdentified

ness etc.); EP, Electro

¥ ~iron,

weathering.,

and Witchelina,
Caxalve
Joundant (XRD)

dbundant (@)

Very rarve (P)

Rare (XRD,EP)
Very rare (EP)

Rere (XRD,ER)

Common (4ARD,ER)
Very rere (EP)
Rare (P)

Rere (ARD)

Cormmon (XRD)

4

‘'ne coarse

by X&D, X-ray Diffraction; P,

.

grain~size

Kemacite lawmellae are from 0.0~1.5

sundrabilla
Abundant (XRD)

Abundant (P)

Common (XRD,P)
Abundant (XRD)
Common (P)

Common (XKD,P)

Very care (P)

Very common (XXD,P)
Very vare (P)
Commaon (iRD)

Rave (XRD)

Common (X£RD)

Very rave (¥2D)

%A

n rrobve.

aa
~Midae

Physical (opticel,

Severel large cracks are present, and have been

of the lemeller

mm wide,

llinerals prescent in the lleteorites Carelue, Iundrabille

Abundent (F)

Common (F)

Abundant (P)
Common (P)

—

Very rave (¥)

Very vare (P)

Rare (1)

dbundent (F)

Commaon (P)

Abundant - (P)
Abundant (2)
Common (P)

hard-



g
Fundeabille shows the Wiémanstatten pattern, However, in
this case, mezay orientations exist as the melteorite crystaslised from
polcrystalline ¢ -iron. This is also shown in the kemacite grain-size
vhere, in contrest to Caralue, few grains are larger tian a few milli~
metvres, even in the apparentlf coarse lmﬁellaeo Mundrabilla hes opprox-
imotely equal amounts of kemacite-teenite lemellae and interlamellar

plessites, and contains coarse troilite, graphite and schreibersite iu-

clusions, oiten with wa*uhvﬂg kemacite Komacite lamellee ave from

0551 .0 mms wide, which places lundrsbilla in the iledium Octehedrite

(2) White or int

The two types are common to botan Keteorives, and may be
described as Granular and Microwidmanstatten types.

Granular plessites consist of anguler kamacite (0.02-0,L mm)

BN A

teenite. Triple points are common with taenite

vith almost 410)% angular
tending te be in these areas, Schreibersite is common, and is much move
irreguler in grain~size then the nickel-iron, and, in convrast Lo taeniic,

-

tends to be concentrave

QA

at grein interfaces. The edges of These arcas
are more wregular, cand often have en outer boundary of taenite and
chireibersite (Plate 1a). A veriation of this texture is found in
iundrebilla with rounded taenite, tesenite-schreibersitc or schreibersite
in e matrix of non~granuler kamacite; #his nay be in convact with tlie

pornal gramular type, ead some Laenite greins sre shered by both

laerovidmanstatten sbructures resemble the nornal structure but on
a much finer scele, with kamocite grailns only about O.4 mm thick, Taet-

ites are not as long but may be very vacriable in shepe, fidm




very sinuous, Schreibersite often occucrs in This structure as rhebdites

.

@

(withian kamecite greins) or irreguler grains between kemacite grains
(Plate 1¢).

(3) Derk or Lemellar Plessites

Dark etching plessites again consist of two types often occurring
together, and it is only then thatv the £wo types can be distinguisihed
with any degree of certainty., The Duplex type is apparentliy the more
abundant, and, where it occurs with the llartensitic type, it'is central,
It is Llighter etchihg, generally coerser with kemacite more abundant,
and often has a recogniseble Widmanstatten orientation, aAd formed fwoum
the lower nickel portion of the perent teenite grain (FPlate 1 d,eﬂ“)°

lortensitic nlessite may border the duplex structure or, especially
in finer teenites, be the only form present. It etches davker, with
a less distinct Widmanstavten orientation. It is richer in taenite, end
formed by the breakdown of higher nickel taenites than did the duplex.

A third type of lamellar plessite is very common but light
etching. It appears to be an early stage of dark plessite formation
which, due to ilts higher nickel content, has been arrested and prescrved,
The inner boundary of the taenite is very ragged, and the ground mess
contains a few ragged unorientated taenite grains, “he nature of the
grbund'mass is unknown, dbut may Ee a submicroscépip mixture of kemecite
and. taenite. This plessite often passes lesterally into mertensite
where the parent taenite broasdeuns.

b. linerelogy
(1) EAACITE-YARNTIE makesup the bulk of the mebeorites, and kemecite
normﬁlly has a Vickees Herdness in the renge 260-280, but, in Caralue,

o

the heat-sfiected outer zoune is partly preserved with velues dowa to 160



in the outer 5 mm (Fig. 22). Ia Caralue, the grains may be up to hem lag
but, in-ﬁundrabilla, they ave generally much smaller,

Taenite is distincetly creamish compared withh kamecite, and hes a
Vickers Herdaess range from 370-L20 geross a lamellae reflecting the
variation in nickel content, The highest values are from the centre of
the grain where taenite maJ be strained (Fig. 2b). Neumaﬁn lines are

common in the kamacite, and are of'ten refracted at graln boundaries and

distorted near 1nclu51on39 and only raruly pass thvough taenite grainse

' ' * \ J !
300 1 w A0 i /
| + Y’ I
ecelh ] [
V.H KAMAC I TE '}AE\UTEI‘ KAMACITE
200 E |
. ¥ J I+
: Livt N
+ + I I
oL
r [ ]
I |
Y ., L S— i\ z [ 3 i\ 1
103 10 w0 T 2 3 ) 5
DISTANCE FROM EDGE MM. DISTANCE IN MM

FIG Za FtG 2b

is leargely restiricted to grain boundaries where it
‘occurs in o vardety of situablons,
(a) Associated with troilite which it partly rims (Caralue) or
forms lerge bordering masses up %o 1 cm or more (undrabilla).
Rere eubedral crystels mey also be found around the borders (Flate 20o).
(v) At kemacite-kemacite grain boundaries where it varics from .05
to 1 mm or so in Jength, perticularly in the VWWidmenstatten Pattern
Where 1t alternetes with the taenite 1&mellgeﬁ

P}

3 FIT A g B ¥l s s sacd® 1 5 B e 3 PSSR 5 M = i EREN -
\c) &t kemaclbe-~vaenite bounderies where it has grown al the ex-



pense -of the teenite producing "corrosion” pits in the taenite
(Plate 2 b, c). The schreibersite grains sre usually isolatcd in

toenite, but Hundrabille has exemples of schrelbersite in conteact

vith teenite.

(d4) At kamacite-lamacite boundaries showing no relationship to

teenite, it is often coarser in these situatlons, This type of

occurrence is common in the white plessites.

L
(e) s euhedral crystals ususlly isolated in kamecite grains, this
is vhe so-called rhabdite; very commonly as small crystals along

grain boundaries in both meteorites (Plote 24).
Mrom textual evidence, it can be seen that schreibersite has

be-

o

crystallised over guite a range of time end temperature, It i

lieved that the schreibersite (a) crystellised much earlier than

(b) or (e), which possibly formed at quite low temperature by

diffusion of nickel énd phosphorus.  In the latter two types,

the sbhreibersite has drawn the requisite nickel frem earlier-formed

vaenite by local diffuslon of the order of .05 mm or less, ‘'That the

schreibersite is late forming is shovm by the way it has corroded the

lark plessite in some places, If it is accepved that this plessiﬁe
Lformation took place at a late stege, then The schweibersite formed
very late,

(3) LAVRANCIIE is quite common, especially in lundrebdilla where drops

Al

ooze out of the metal interfaces in a matter of hours. It ois

greenish-yellow, and is irvegulorly distributed elong kamacite-taenite
boundaries and around troilite nodules. As a result of the mebhod of

polished sectlon preparvation, the very unstable lavrencite was not .seen

in the secvilons, elvhough the corrosive eifects of its presence were soon
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evident. In spive of its instability in the presence of wuler and
oxygen, lawcencite has survived in-some apparently highly weathered arve

of the nmeteorites,

(h) - TROiLI‘E is rerve in Caralue but very common in Fundrebilla, and is
the hexagonal form in both cases, The treilite in Caralue consists of
single sublhedral crystals with a few rounded grains which are strongly
pressure twinued. One grain shows tﬁo deformation events; +the {irst
caused micro~faulting along a few well-defined planes shovn by the disloge-
tion of duwubreclite exsolution lemellae; the second (?) deformetion
caused the formation of pressure twinning which crosses over the freciures
(plete %a). 2&lso present in Caralue are thiun planar troilites which arc
nrobobly the so-called Heichenbach lamellae,  They afe parallel to (410),
of the original ¥-iron, and are up to 3 cm long; some have a surrount-
ing leyer of swearthing kamacite,

Troilite is common in iundrabilla as rounded polycrystalline nodules,
frequently with a series of concentric merginel grains with Ewng ite con~
tent decleasing inwards. & zone of subhedwel-euhedrsl graphite grains
up to 0.1 mm or more occurs &t the margia with some graphite in the meval.
Phe ouber troilite bend is sbout 4 mm thick and contains up to 304
grapivite, generally very LLML, but some coarser elongate greins occur
normal to the boundary. One or two more concentric bands inside this

contain progressively less grephite with different preferred oriscntations,

probebly reflecting the different crystallographic orientations of the-

troilite, These bends have the same crystallographic orientatlon

around the nedulc:da distance: of

T™e core ig

y

polyerystalline, cnd contains treces of graphite at the mulg.au

[ e o
(plate 2 e,7),



o

A second type of occurrence in both meteorites is as composite
grains with daubreelite and chromite, end is usually associlated with
larpge sclureibersite grainse. The grains are in the range 0,001 to 0.01 mn

g g
and are fairly raree. In Caralue, troilite-daubreelite has exsolved firom
Vi 5
4 . . ol T -0 ~-
a grein of bulk composition 12.8% Cr, 48.6% Fe and 37.8% 8. s the ex~
solu ion lamellee (plate Le) are only 1 to 0,3 microns wide, the electron
J 5
probe gave & bulk analysis of the grains, two giving the same composition
of CL2LG7 40 ¥bich falls in the (Fe,Cr)1 .8 solid solution rield foir the
Pe<Cr-3 system. The grains were at higher temperatures a chromniti~
cyierhotit ¢ at ver temperavures have oroken down T the end nem—
pyrrhotite, but at lower temperatures I oken down to Tl d

bers Fed and FeCr28}° Two electron lilcropirobe anelyses of Carglue

1

troilite gove Ped, as dld o messurement of cell porameters bj L-ray

Diffraction using the calibration greph of irnold and Reichen

The association chromite-daubreelite~troilite may be of use in deffining

conditions of formation.,

(5) DAUBREZLTIE is common as light bluish-grey exsolution lemcllae in
troilite ox in the smell composite grains described with troilite, it

is readily recognised with a Vickers Hardness of 350, e reflectivity of

36 and one poor cleavage parallel to the length of the grain. It cone~

tains occasional, apparently later, exsolution lamellae of troilite,

It is meve resistant to weathering thon troilite., A microprobe analysis

of Carslue daubreelite gave Fe 19,55, Cr 37.1%, S 46.0/4, corresponding
to the thecreticel formuls of Felx 2-i In Iundrabille, davbreelite
I .

lemellee are continuous ecross bounderies in the concentricdlly handed



19

(6) CHROUITE is very rore, although several mecrosconic grains occur

£

aralue and are earlier than the daubreelite and may ®e carlier than

the troilite (plate 3a), Very smell graions occur with deubreelite and:
troilite in both metveorites,

(7) COPFER was found as a single grain (.04 mm) merginal to troilite
associated with deubreelite and schreibversite in Caralue (Plate 3b).

(8) CGRAPHTIE is common in lundrabills, occurring in several way

(es)

The occvrwence with troilite has been described, and it also is vewy
conmon as evhedral grains in the large m1ﬂ°1nu1 schreibersite gralns
(Plete 3¢). Also, in essentially graphite nodules with euhedrel
graphite and kemecite, teaenite, schreibersite and accessory troilite,
Isolated graphite euhedra occur in the metal near gra phl"e~bcarlné
troilité nodules, Graphite crystellised early, certainly before the

daubreelite,

is wvexy rare, only two grains being found in llandra-
billa in a troilite nodule assodeted with davbreelite {(Plate 3d).
(10} DIOFSIDE 4is o common constituent of one troilite rodule with

grephite, daubreelite and sphalerite, with some silicate in a lsrge

&
associsted schreibersite mass, and in the kamacife. Cristobalite has-

Ja L

been tenvabively identified as o minor associate with the diopsids,

Cristobalite iondicabes crystellisation at a high temverature. 'he

silicates are veined by laoter troilites, and are ﬁp to 2 mm in die-

nmeter (Plate 30).

(14) PEMILANDIER  is e vere mineral in Caralue because of the scarcity

off troilite, put common in lundrebilla where it is replacing troilite
)

neérticularly neer the margins of the nodules. Vhere ssen pentlendite

Toapm . '~ . ¥ dala nnd . = - = s da Bl
elvsys appesrs o be o wegthering product. (Plate 3f)

2
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(12) GONPRIME ds a product ef weathering, perticularly near the mar-
gins of the meteorite and in the troilite nodvules., Goethite alweys
rims troilite nodules in iundrabille, and foims largely by the weather~

0

ing of nickel-iron rather than troilite. legnetite is lntimately

acsociated with goethite and only identified by X-rey Diffraction.
‘DISCUBSION

Tt is generally believed thet the sulphides formed from a melt,
and this is in agreement wilth the textural and structural evideace
seen, features such es the coumcentric banding in the ilundrabilla
troilites are difficult to explain except by cooling a melt, There
is sone- evidcence for local reheating in Hundrabilla, perhsps by shocl,

unusual ve find smong the White Plessites local sreas where

.

she grailans have become rounded by a leter diffusion, and the poly-
rystalline kemacite has become & single grain., Lhis is the round
plessite. Dark plessites sometimes partially dbreak dowan to the some
rounded groins (Plate 17).

In contrest, Coralue shows o history with at least two deformations
of the troilite as discusscd before. The sequence of events in Corg-
lve is crystallisation of chromite-troilite, exsolution of danbreelite,
fracturing end development of pressure twinning.

It is not known whether the Cfracturing and pressure twuloning were
relabed or two separate events.  Caralue shows no evidence of later
heating as Coes Hundeebilla,
igtance bo weathering of the major phases 1is schweiberaite
deubreelite >  troilite >'INi~Fe°

Barlier clectron probe work by the B.H.P. Co., on.some silicate

inclusions essociated with graphite in Iundrebillae has demonstrated



the presence of forsterite, plegloclase and unknown aluminium and
calcium-rich phases (R. B, Wilson, personal communication).
TABLE 6 MLECIRON PROBE ANALYSES OF LIUNDRABILLA SILICATES

(a) (») (e) ()

Ye 1 .65 0. 5% 0.5% 1 0%
Na,,0 5.9 ‘ o 5.ls Lo
Lo 10.5 o 28,3 19 ok
810, 17,8 39.0 4701 55,0
o0 Yo' 142 14,0 142
g0 Lo 56,9 te 28,0

These analyses correspond to

(a) (Ca,Fe) Na, Alg Sig %3
(») Torsterite Hg, 810,
(c) Na2 (Ca,be)5 AlS Slﬁo O35

(a) Oligoclase + Forsterite
The forsterite is noteworthy for its very low iron content, a

fact noted in other irons. The analysis (&) contains too muoh.Al,)O5

and too little 8102 to be a plagioclase, but may ﬁe a mixture of
plagiociase and & high alumino~loyw silica phasc. Similarly, the
anslysis (c) 4s too high in {Ca,fe) and too low in alumina and silica
to be a pure plagloclase, but may be a mixture of plagiocliase and a
calcium~-ivon silicate,

Only the plagioclase and Torsterite can be identificd with cer-
tainty, and more work is neccssary to elucidate the true natuve of
the silicates present. It would appear that a fairly complex éiliw

cate essemblage is presents  When the sample was digested, some sile
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icobe rrains were found in the residue, bur in insuffdcicnt cuantitics
Yo identify. They included owe bright grecn grein, a few yellowish~
green and some colourless grains, At least two silicates could be re-
cognised in the polished scction and have becen identified as diopside
end cristobalite, Two silicates were identificd by electron probe
analysis aad the presence of at least two others suggested.
Lorglue is a fclrly normal medium octahedrite with evidence of

deformation in the sulphidesg fMetellurgical investigatioa may be
soie to define the nature ond intensity oflthe deforining forces,

Fundrabilla is o remarkable, perhaps unique, meteorite wi h.its
high sulphuf, phosphorus, cﬁpbon and chlorine content and veriety of
pilicates present. Very fruitful lines of research are possible in
‘the minoralogy,bulk and trace elcment composition, isotopic composition,
structural and metallurgical aspects, such as heat effects in the atmos-

3

phere and in space. However, as yet, only small ableted and weathered
n?dUMLﬂo» are available, and thesc ere net suitagble as they ave unrepres—
cotetive of the true composition (low in S ete.) and metallurgy. It is

hoped that some agrecment will seon be reached, and the smellcr of the

two masses sccvioned to reveal the true aature of this remorkaeble

IR0H * is the most abundant opaque with the kamacite the
most abundant phase.  Yaenite, although common, is relatively minor
compared to kameoite.  Several types of associstions are founds:

(o) Kamacite in isolated grains is the most common metel phase.

(b) Kemacite, with minor tacnite generally around the mergins, is



Not WNCOomMon. This may not be an exsolution featuwe.
{o) Teenite grains with exsolved kemscite are less common {Fletbe 5b)
(d) Plessitic komacite-taenite is very rare, only one grein being

ma.

positively identified. his is an exsoluvion texture,
(e) Kamscite-taenite-troilite eutectoids ere not uncommon
(Plate 5 e, £), but tend to be in smaller grains, The metal is

-

commonly associated with more or less troilite, and the textures

suggest they formed from ‘s melt, The metal is latcr than the

silicate, partly or completely surrounding silicate greins or
cerroding chondrules (Plate 6¢). It has been highly weothcred
ond. about half of the metel has been oxidised to goethitc.
The metal phase contains both exsolution texbures snd cutectold
mixcurves, the exsoluticn vextures apparently being later, Ileev
effects ere shown by the softness of the meial (V.H. 160).
Sclireibersite was very doubtfully identified as a few very small
pinkish grains in the metel phase. Chromite is a fairly rare
phase occuriing as subhedcal or euhedral grains up to O@1 m with
troilite. It may heve corroded edges vhere in contact with the
silicates, and is sometimes fractured and infilled with sulphide.
(2) TROILITE is very common, and is usually associated with pent-
landite, DLike the nickel-iron, it is 1atér than the silicate, bub,
‘unlike the metal, it shows evidence of remobilisation,  Sulphide

<7 2. {2

occurs in silicates snowing evidence of sene degree of recrystallsa~
Tion. - It has several modes of occurrence.

(a) is irreguler mims around the chondrules (Plate 5 ¢, d).

(b) s a troilite~silicete shell around chén&rules to o depth of

about 0.1 mm (Plate 5 a, b)s Do this depth, the chondrules



e

(&) |

appesr o be recrystallised,

(¢) As elongate grains in the bars of someolivine chondrules
(Plate 6Ga.)

(@) As very fine grains scattered through comolOue?J recrystal-
lised chondrules,

(¢) The commonest occurrence is as interstitial grains scattered
througheut the silicete matrix in grains from 1-2 mm down to0 less
than the resolving power of the microscope, It is often associ~

ated with meual cither ss host or as inclusion

3]

°

PERVLANDIPE  is very common replacing troilive in verying asmounts,

Ne cvidence of primary pentlandite was scen.

GOETHITE ds very comnon as velns, veinlels or banded masses re-
placing nickel-iron in perticular. & compaerison of the sulphur
percentege with the average for the H-type chondrites suggestis
thet there has been little oxidation of treoilite to goethite, bui

thet nickel has replaced the iron with no sulphur loss.

COLIVING  is the most sbundent mineral occurring as choadrules or

in the ground-mass, Colourless, unless goethite-stalned, 1t

displeys a distinetive fracture pattern, and is opticelly -ve

11 I . G R . gL N SES0 e -

with a 2V of 927, giving a composition of Fa, ., Oliviae occurs

in several distvinct weys:

(a) Chondeules which vary from single crystels to polycrystelline
appiregates with indistinet chondrule shape are wost promincnt,

1

LAsa geneval rule, the most rounded chondrules contaln the -

least number of grains, end almost all show some shock features,

Shock dnveriably produces a burbid glass in the choadrules,



(v)

(a) 195 Pa using

(b) 21% Fa using

ORT

either as bars ia the less disaggrezated chondrules (Plate 67)

or as an irregular grouad-mass in the more highly. fiec

(Plate 5c)e The barred chondrules frequently have a preferved

orientation showing melting in situ, In some of the granular

chondrules, the fragments are a1most all euhediral, perhaps

indicating recrystallisation, In some chondrules, une.rl 59
limited to an outer shell,

Apgrega tes of angular fragments with a poorly-~defined shapé

erading imperceptibly invo chondrules, are perhaps deformed

chondrules,

The grouand-mass consists largely of fine angular oliviae wixich

may pess into eggregates or crushed chondrules,

As gremules which ave too angular to be chondrules, but too

"\J.

large to be considered as part of the ground-nass.

o

d~rey Diffroctometer detemminations of the olivine composition by the

pritish Luseun geve:

o+
5
o

method of Yoder and Sahama (1957), and

.
¢

method of Lowisnatham and Smith {1968).

e
[~
o

FOPYROAENE is common as prismetic chondrules (Plate 6c),

often fibrous and radiating (Plate 5;—1)° The chondrules are often

broken, but are never disaggregated

B

groins, although single anguler

s

w2

wments are found,  Parvial recrystallisation to coarser grains

hese are elmost colourless (chondrules always

eppesy grey becouse of the fine grain-size) with straight extbine-
tion, a 2V of 957, and are opvically -ve. Tt is thereforc a
SO 3 88,0 Locfy"”elllsation of the outer mawrgins of the

pim,  Overgrowths of pyroxene occur (Flate &d), and sugge
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chondrule formatien occurred by precipitetion from a melt or vapour,
(7) CLIOTOPYROLENE is parbiculerly common in monomineralic chondrules or
with olivine., It 1 finer and apparently less common in tiae zround-

MEBE. It iz colourless and resdily identified by its muliilple twine
ning. Grainsize is generally less than 1 mu, and mostly too fine to
obtain an opticel figure (it is +ve) or 2V. It is believed to be a
member of the diopside-hedenbergite series.

(8) GLASS is not uncommon, particulerly in the olivine chondirules and

scattered uhrovon the ground-mass Some chondrules convain as huch as
ol

{
1 U }. N e et (oX3 et SLASS S CVATLAL/ING antc I N
LV O .{/ 20X L[.S )la =3 2% gl 1} C [., S d v ‘L 1 J I‘]{, i or ’lO}

sroups of radiating crystels of a clear mineral which may be

plagioclase,

Nowm Calculation

The only significant veriations from the aversge for Witcheline sre fow
atluminium, celcium and magnesium, which are high, and silica and iron which

are low,  Assuming the annlyses to be correct, then this resulits in a high-

e olivine and lovier pyroxene content (less silica) with more feldsper
(higher limeé and elumina) than average from the norm calculeticn. it is
likely that some of the alumina is in the pyroxene, thus reducing the total

amount oad ilme content of the feldspawr. The average composition of H-type

chondnites is ib Au]ZOr,, and the aormative value 1s too calceic,

~ e V- ' . . N . - «
Sdnilexly, some of the titenia and chrome is probebly present in
pyroxene, reducing the amcunts of ilmenite end chromite. The cadlculaved

values Tox the olivine and orthopyroxene compositions arve in good cgreement

with the velues ebitained by 2V measurement and X-ray Diffrection.




C.i, PN, HORW TOR WIDCHELINA

Witchelina Average
feldspar o5 AL 5~ 10
Diopside 5,83 )
)20 ~ 35
Hypersthene 9,65 )
0OJivine 53,18 25-L0
Chironite 0.28
Ilmenite 0,27
Apatite 0.46
Halite _0.07
73,05
Fe=ii-Co 7.76 16 - 24
(Fe,Ni)S . ' 5.84 approx, 5
He,9% 42,96 0.00

Peldspar : Hypersthene (Bronzite)
Octhoclase 799  Enstatite | B2.k5
Albite 51,18 Perrosilite © 47.55
Anocthite %83 Diopside

Olivine Wollastonite 52,57
Porsterite  81.00 Bostatite 39,40
Peyalite 19,00 Terrosilive 8a35

ification of Ven Schmus and Wood, but, owing to the limited number

of thelr paremeters studied, this proved somewnat difficult. The

olivine composition is apparently homogenous; clinopyroxene cormon;
5; & > 5 DY 3



turbid glass picsen L;

well-defined chondrules, and it has a clear crystalline me

This, plus compsrison wi

secondary feldspar abseat or

th some meteorites

very finejwith

trdsc, -

d- 2

of koown chemical-petrologic

type, placcs Witchelina in the Hi Group.

Hitchelina

21

vtical date

done on the qomposition of

and its devivieification

-

because of the fine size and veat

practical
aveilable 1s the electron prebe,
various oxidation states of iron
1llétion

dist method of Koss, Hey

C.CONCLUBION

Y-ray ¥luorescence analysis e

the determination of sulplur, wvho

converting

[a]

to prevent the loss of

Fe

ditions o2

drive off volatile Ferric chlorides,

becomes quite a significent absolute

P

scopy ig sudtsble for determinlng mo

The composition of aerolites

eneds
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Pluocirescence

rather than by tho more

chlorine can be determined accurately on pressed mounts,

is a highly vcaunO“cd
aoubtful and obscuring
the ortho- and 011n00J10"ﬂne;
product, and the metal phases.

hered nature of the

mnineral separations are impossible,

moy be obteald

gppears to be a sul
gphorus and chlor

the sample to oxide via ni

0,, bub

for iron because, with the high perceantage

st
can he
supplemented by Atomic Absorpiion

labowious metnods usuolly usad.

stone, this tending to meke

the petrology. Vorls could be

S0,

naterial,
and the only method
Better analytical data for The

ned oy using the crhlorine

and Bothwell (1961 ).

2 s

table method foi

ine in siderites by

trate under strongly oxidising con-

A a

nowv l/OO high

av

“he method is not reslly suiteble

present, the relative error

error,  Atomic Absorpiion Snrectro-

other minor and some tra

N

guite rapidly determined by
Spectroscopy,
Sulphur and

a
AR
<k

the ordinary

e elenenbs,

H=Y



chondrdites have o foirly constont composition, then the use of o

sl . e Sk 2o dep Taa
neteorite es a stendard reduces corrections to a minimulle Lt 1s ®O b
4

noped that some chondrite will be agreed on as en internabional stonderd

as are G and W in terrestrial petrology.
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d APPENDIX 1

Y

NON-TERRESTRIAL _ MINERATS.

KAMACITE X wIron Te,Ni approx. 6.5% Ni

TAENITE | X -Iron Fe,Ni 15-354 M1
TROILITE i | Stoichiometric FeS

| DAUVBRERLIT FeCry§), (bhiowchromite)
SCHREIBERSITH | (Fe,Ni) 3P

- LAVEENCITE  Fellp
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Aa)

(@)

()

A troilite (%) nodule partly rimmed by
schreibersite (sb)

A deubreelite exsolution lemellee (ar) .

tu bous dary p'ﬂowcj.ng a

An outer band of graphite-rich
oo T L e P Y ORI ;J_ I O T
troiiite (fregr): troilite with -
besel cleavage {cl) and kemacite

Pleng wolerised 11

DRBINA (3

L0)

g

N T H
Ll .\J_i...xJ

ogsed polers show thiece bands of

4

troillite~graphite. -4 bend of

hite (white) forms

the outer morgin of the nodule
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