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ABSTRACT

Lhree Ileteorites have been analysed, petrologically and
wineragraphically described. Two, Carelue and itundrobilla, arc
cmedivm octahedrites; Caralue is a genvinely dow sulpaue meteoritég
while iundrebille 15 excepiionally high in sulphur, phosphorus,
chlorine, carbon and contaiﬁs accessory silicates,  Bight prie-
mary wminerals have been found in Caralue and eleven in luandro-
billa,  liineragraphic anesuigau¢on3 show interesting crystal-
lisation and deformation events in the two irons, The third
weteorite, Witchelina, is a highly-weathered 0livine-Bronzite-
Chondrite with a high content of ferric oxide, Nine primary
minerals were found in Witcheline, while all three neteorito

contain pentlandite, goethite and magnetite formed by weabthering.

ok

SampLing and analjwlcal methods are discussed, as are tho

relationshin between composition and mlaeralogy for the sid-

nd aerolite. It is concluded that X-ray Fluorescence

o
3
!.J.
o
@
o3
o

is a sultable anslytical method for S, P and CLl in irons, and
for the determination of 5i, Wi, Al, Cr, total Fe, in, Ca, P, Lz, S
and Cl in gerclites.  Atomic Absorption Spectroscopy is a valuable

technique Tor determining Mi, Co, Cu, Zn, Cr and n in siderites

and aerolites,
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IHT RODBUCT T 0N

The aim of the project was to describe three pLuVLdug]v unstudied
Australisn Heteorites, one asgrolite and iwo siderites,

The aerolite PWitchelina" was found in sandhill country on
Witchelina Station, aﬁparently in the 1920'z, by kr. T. P, Gourlsy,
in whose family's posscssion it remailned until 1967, when it wes donated
to the University collection by a grandson of the finder. The location.
of the find is unknown except fov the vague descripliocd "from Witchelina

e

Station, !

which is spproximately 15 miles west of Farina in the north of

South Austrelic {location zbout lat. 3093, long. ﬁBBOE), It is a well-
orientated stone with "thumbprints” on the rear surface and an onberiow
gerothermal ablation surface, The stone weighed 3 637 §S., and vas
cowplete except for e few grams removed Irom one end. The specific
grevity of 3.27 reflects its highly weathered stete; wnweathered chon-
drites of this class are in the range 3.6 Go 3.8, (AU, 2460L)

The siderite "Ceralue” is another poorly locoted meteorite, its
location being knovm only as 14 miles N.VW, of Darke Peak (locetion sbout
1369Ey 33015'8)5 This places it about 8 miles west of Caralue, a small
railﬁay station in central Eyre Peninsula, South Australia This meteor-
ite has previously‘been known as "Cowell," & town over 50 miles disbe nLo
Yhis neme is considered inappropriete in view of the meteoritels prouwimltls
to Carolue, and it is suggested that the name "Cowell" should ne longer be
used. Ths metegrite was purchased from R. J. licDonald, apperently the
Finder, by the Upiversity in 41955, and weighed 5.70 Kgms. .AgUn 15295)

The siderite "iundradbilla" is easily the lavgest recovered metcorite
from hustralia, heving a total mass of over 16 tons. Two mossas of abou.

41 and 5 tons, plus several hundred smaller Fregments were recovercd,
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searches based on reports by a rabbit-trapeer had failed. The Location
is on the Nullerbor Plain in Western Australis (Latitude 50047‘89
Longitude ﬁE?OBB‘E)o The =zamples studied comprising some of the small
iragmeants, were 6btqined on loan from Iir. R. B. Wilson who, with

ive Ao 1. Cooney, located the meteorite. ( &0, 20475 )

Ae ANALYS IS

1o

The aserolite wos sampled by crushing a 20-gram block from
which a pdlished, thin secbion hed been made. This allowed a
close comparison of the minevalogical and chemiéal compositions,

Cuttings obtained in sectioning the siderites werc used
for snalysis, and represent e betier average than that obtained
by the usual methods. Coptaminstion caloulated from weight
loss of the blade is only .O4%, thus contamination of only
L oppm oceuwrs Trom a one per cenl. compenant i@ the blade.

The blade conbaihed no elements capable of causing signifiCaﬂt
contenination of the somples,  Froblems arise through oxidetion
of troilite causing sulphur loss, and also due to the hardnUSF
off the troilite and schreibersite causing culting difficultiea;
Sampling of sideribes is.usually done by selec#iﬂg an avea rree
from inclusions, and either cutting out a block or using driil
cubtings from the area. This nust then be an untepresentative

semple vo has been shown by Henderson and Perry {4958). iz o

(TR b

FALI

test off the representativencss of the somples, two cuts were

wede in Carelue and the esnalyses compared.



ites, and was used in the determinat tion of iron:; the other was

Three solutions were made of each siderite: <the fivst
dissolved in hydrochloric acid, was used for Atomic Abscrplion
Spectrographic Analysis; the second, in sulphuric acid, Tox
determination of iron by oxidabion of the ferrous ion; the
third solution; in nitric acid, was evavorated and decomposed
the oxides and used for the Xﬂray Fluorescence Lnelysis of
sulphur, phosphorus, chlowlne and. iron, A somple of
indrebilla troilite was dissolved in hydrochloric acid ror a
partial anelysis of winor elements, A sample of Witcheline wés

4]

dissolved in hydrofluoric acid and perchloric acid for determin-
aticn f { 0, Mo O and some tradg elements,
STAUDARDS

Por Atomle Absovpiion Spectroscopy, twoe steandards were
made contelining mix@ures qf iron, nickel, cobalt, copper and
cloromivm in the range Tound for siderites of the ssme tyne a8
Caralue and Mundrabille Por all other Atomic Abscrption
Spectrogcopy, already~prepsred standards were wsed,

For the L-ray Fluorescence analysis of the siderites, two
standards were made up: one consisted of a mixvure ol iroum,

nickel and cobelt oxides of a similar composition to the sider-

mace by adding known smounts of sulphur, phosphorus and chlorine
to e sample of Caralue. A pressed mount containing en edded
krovn emount of chlorine was used to debormine chitorineg in

Witchelina.



Owing to the desirability of having the stondard end unknown.with
similar compositions, it was decided to use 2 meteorite as a standard for
the bulk onalysis of Witcheiina by X-ray Fluorescence Analysis. hAs a
meteorite suviteble for use as a stendaird could not be found in the Tate
Kugeunm Collection, it wes decided %o use the raecently~fallen neteorite
Pueblito de Alien&e-(Type 111 Carbonsceous Chondrite), (Lfell Feb, 8ih,
1969) Chihuehua, Mexico (A.U, 20539 ) As 1t is an umusual type, 1t
will be well analyéed in the future; however, a suitable preliminary
analysis wes obtained from Do Brien Mason.

TETHODS

Foxithe siderites, nickel, cobali, copper, zinc, manganese. and
chromium were determined by Atomic Absorption Spectroscopy; iron, sulpnur,
phosphorus and chilorine by Xerey Fluorescence Analysis, and carbon bj
combusﬁionu A second devermination of iron by e Ferrous Titration was

mage.e

Tor the serolite, X-ray Fluorescence analysis on a fused butiton was

used to determine SiOQ’ Ti02, ﬂ12035 Fe203? Cal, ¥nd aud g0, A pressed
mount was usced to determine PO S oand 0L, while K. .0 and 2.0 wiere de-—
3

275

termined by Flame Fhotowmetzy, and Co, Cu, Cr, Zon, in and Ni

.

2 2
b

Absorption Spectroscopy.

EOLLE IO
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The results of the analyses of the siderites are shown in Table 4,

P 2

28 iz o partiel snalysis of the Hundvrabilla troilite,

It is obvieous from the Table that, for the mejor metals Fe, Vi and

sralue ond undrabille ave very siniler.  Thoy both

[

Go, the mebeorites

fall on a peak for s plot of the freguency distribution for nickel in

meteorites, at the wvalue of iedium Octahedrites (normally 7-90 ¥i)..



TABLE 4 ANALYSES of CARALUE, HUMNDRABILLA and IUMDRADBIDLA  TROILIVE

. . . . , . PR
.B. MLL as percenbapes except where indicated "ppm" (perts per million)

Caralug Garalue Mundrabilla Mundrebilla
(Cut 1) (Cut 2) _ (Troilite)
Fe (Xnm) 20.7% 90, © 899 . aole
91.69 (1)
Wi _ BuOé 8,02 7499 —nuny N 0.757
Co 0,597 00k 0,400 o 750 pps
Cu 110 pon 419 ppn 156 pom ;i: e 660 ppm
4 . . 52 p?m 31 opm L5 ppglzcﬂof’ 42L ppm
s
G 27 pom 12 ppm L7 ppm 1,912 ppm
ln 3 ppm ned, L{ ppi 82 ppm
3 ' 0.0%5 - 0.017 0.682 “ L.
P 0.156 0,165 0.401 n.d,
Ci. | n.d, 0,02 0,033 ..
¢ . 0.0% 0.0k 0.2L | n.d.
PO, 99 oLk 99,48 99.72

{1) Fewrous tibration totel 100, 5655

n.d. Not determined

The minor metals are all somewhat higher in the Mundrebillae iron;

A2 Fad

this is a reflection of its much higher troilite content, the troilive
tending to scavange these elements (Cu, Zn, Cr and inj.

Sulphuwe, phosphorus, ehlorine and carbeon are higher in Fundrabille;

end are smongst the highest ze oordcd The sulphur content of Hundvabilla

15 mueh higher than thd value shown, due to selective oxidation of much
2

of the troilite in the small Tragnents anslysed.



The two Caralue culs are very similar, the only two real differences
being for sulphur and chromium. This is not surprising in view of the
Tact that most of .the chromium is present in exsclution lamellse of
davbreelite in the troiiite, resulting in a lower chromium content for
the scoond cut., To checle the rather low sulphur volues of Coralues, the
sulphur percentege was checked by deteruining the erea of troililte, and
the total srea of four cub surfaces totelling 165 sq. cms.

r!} "\ _‘)L E.z 2

Loy WAl

Ceralue Cut 1

Analybical - 0.035% 0.017% 2,064
irea 0.0L85% 0,009% 2,145

The analyticel and sres percenteges are similar, and, when it is
considered thet the four cut faces ranged from 0,009 to 0.085% sulphur,
and thet the size of the inclusions is similar Lo the width of the
saw-cut, then the method and values are very satilsfactory.

A comparison of the bulk and troilite compositions of Hundrabilla
shows various concentration factors in the troilite for some of the trece
elements. Zinc has been concentrated three times, copper four vimes,
anganese sixteen times, chromium fifty times, while cobeli shows a five-

mold decrease and nickel a lenfold decrease,

The nickel conbent of unweathered itroilite is usually vexy low,

niclel belng steongly siderophilic; however, in this case, weathering

hos cevsed the formetion of a few percent pentlendite containing most of

thg.nickcl present.  The bulk values for lundiebills sre low as most of
the troilite has heen removed by westhering, causing the loss of the
minor elements, The effect of weathering f’/as studied by determining
the Cu, Zn, Cr, in, i exd Co conbent of the mebtel, lmowing thet the

acteorite conteined Zh sulphide.



WABLE 5 The CuQ Zn, COr, kn, Co and Ni contents of bulnnlde ietal

end Totals for 24 (weathered) and 104 (wweathered) Sulphide,

Troilite leta % Sulphide Total 10 Sulphide Total
Cu 660 gy 1535 vy 156 pyw 190 ppm
i T2k L3 L5 50
Cx 1,92 38 L7 207
I 810 3 Wy | 402
Co 750 L4 50 4., 000 3,705
14, 7,570 79,915 79,900 72,720

A

1

The tosal contents were then devermined using the values of the
metol end sulpalde (Cable L), assuming 104 sulphide for the unweabhered
meteorite. It is believed that 10% Sulphide is not an unreasonable
i the true sulphide con{entu Host elements increase with
increasing sulphide, while nickel ‘end cobalt decrcase in bhe over~all
analysis.

Witchelina aad the stondard have very similar compositions, diffeir~
ing virtually only in the relative amounts of the variocus oxidaiion
ebates of ivon present (Pable h).  Witchelina is a more hL.lif reduced

chondrite then Pueblito de Allende, and contalns more metellic irom, Dut
is also highly-wepthered, and contains s considersble amount of feprric
oxide, Ferylic owide is sbsent, or a2lmost absent, from unveathered

. e

ordinery chondeites,

Yhe smouvnus of

o

the various oxides of iron were deternined hy =

combination of methods; wpolnt counting Tor metel and sulphide iron, o

Pferrous lron tilration, and o totel dron determination by L-ray Fluovas

conce Anglysis. From lthe point counting, the metallic cid sulphide dion

!

-

vias determined, and a value for {he niclel content of the wetol estimated



10
TABLYW L. Weight Percent Analyses for Pueblito de Allende (Stenderd),
Witcheling, the everage for Olivine-Bronzite Chrondites, and the

ilole Pevcent fnalysis for Vitchelina.

Standord  Wibtchelina Average (1) Witchelinae Hole '

510, o2 3y 01 617 - 316

:j‘joz 0015 Oc)\ll- Oo)\q Oﬁ1o

AL, %.27 5435 2.36 1498
2 3

Cxy0 0.52 0.20 0,27 0,25

e, 0. C.00 42,96 0,00 1..90
23

el 27,15 7445 9.26 6,01

1m0 0.18 0.22 0.23 0:49

Ce0 2.64 2,55 1.95 2,865

NaZO 0,45 0695 0,90 0,92

Kzo 0,03 0:18 047 0.4

» 0. il 0,20 0.1 0,08
205 0.2% O 7

i {,O 2?—1—0 62 22:-04 5 22093 36 ol 6

Pes 1,03 0027 5,69 2.93

1\?18 1 n68 )] 05)-}- OaOO 1 002

e 0.47 710 17,76 7.67

[ 0.3 0657 1 .68 0,60

Co 0000 0907 0010 OoO?

Gl 0.05 0,05 0.07

Cu 8L ppm

o, 79 opi

Tetal I'e  23%.83 2oyl 28.58

Toval MNi  1.59 459 1068

Yotel S 2,05 2,01 2,07

PO 99, 7 99,77 95,75 160,05

(4) Urey and Cresi (1953) Superior dAnalysis of 94 Chondrites - 1 Yype Av,
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{0.57% ¥i). It is assumed that the remaining nickel {1.02%) occurs in
pentlandite, although some probably occurs ss oxides. This allows a
value to be found for the ferrous iron content due to troilite. The
ferrous iron determination includes metallic iron as well-as Cerrous

iron in troilite

o

nd silicate, Enowing the amount of metallic and sule-
8 (=)
hide dron, o velue for the ferrous iron in silicate can be found, The
3

remoining iron is ferric oxide formed by the ferrestilel weesthering of

metel, sulphide end silicate,

I
e )

Compearing Witchelina with the average Tor the cless, it is found to

be significently low in silica and botal iron, the Llatter probvably due to

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

everage Lop AlQCT, CaC and 3gd, while, for the remeining elements, it is
A

very similar., The effects of thisz on the mineralogy will De discusscd

later. - | _ : g
BIUERL G R AP HY

A total‘of eighteen minerals, of which three were formed by
terrestricl weathering, were recognised in the three meteorites.
The minerals were identified Ey optical and other physical properiies,
L-rgy difiraction, or by elsctron probe analysis, or o combinatiocn of
these methods.

1o BIDRATNES
& EhruciLne
- {4) Gross Structure
Caveluc shows the typlecel Widmenstebien structure of cctzhedrite
mocteorites, end consists of about 609055 kamacite-toenite lamellec,
with about 10-L&%k vericus interlemellor plessite structures, end

contelns no notewortly inclusions. The Widnmanstatten potiern hos



only the one crientetion, and the meteorite crystaliscd
crystal of ¥ ~iron, Seversl large cracks
accentuated by weathering,

kanacite is noteworthy.

o

from o sing

, and heve been

The coarse grain-sisze of the lamellexr
()

Remacite lamellae are from 0.8-1.5 mm wide,

witich places Carslue in the medium Octehedrite Class.

LABTE 2

Kemacite
TYaenive.
Copper

Grophite

-t
Lt
Y
[0

Trod

Schreibersite
Chromite

Lavirencite

loentified by

Iinersls present in the Heteorites Carelue, Hundrabille

and Witchelina,
Caralue
Abundant (XRD)
Abtndant (&)

Very vare (P)

Rere {XRD,EP)
Very rare (EFP)

Rarve (¥RD,BP)

Common {XRD,EF)
Very rare (EP)
Rave (B)

kore (AiD)

Common {X1D)

XD,

-

L-ray Diffraction;

bundrabilla

Abundant (XRD)

Abundant (P)

Common (XRD,F}
Abundant (X2D)
Common (P)
Common (XRD,P)
Very rare (P)
Very common (XiD,P)
Very xave (D)
Common (RD)
Rare (XRD)
Common (XRD)
Reve (XAD)

Very rere {IRD)

ness ebo.); UP, Blectwzon Frobe.

Abundent (F)

om0
Common {T)

Abundant (£)

Common (P)

Very rare (P)

Very TEIe (P)

dbundeat ()

Comnon (F)

-

Abundant - {F)

Avundant (2)

Common {P)

P, Physicel (opticel, howd-
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lumdrabilia shows the Vlﬁmaps ten pattern., However, in
this case, meny oricuntations exist as the meteoriic crysteliscd From
polerystalline ¥ —iron, This is also shown in the kemacite greoin-size
where, in contrest to Caralue, few grains ave 1arger'thgn a few milli-
netres, even in the apparently cosrse lwﬁellaeo Iundrebilia has approx-
imately equal amounts of kemacite-~taenite lemellae and interlenellar

J

plessiuosﬁ ond contains coarse trollite, graphite und schreibersite ii-

ciu ions, often with swaprthing kemacite. Komsecite lamellse ore from
i

o

0051 .0 mms wide, which pleces Hundrebilla in the Hediwn Octshedrite
Class,

(2) ihive or

Lar Plessites

:

The two Lypes sre common to both Keteorites, and may bde

described as Gronuviar and Microwidmanstatien types.

Gronular plessites consist of anpular kanmacite (0902~004 mm)

L

with olwmost 10% angular teenite. Triple points are common with taenite

" 1

areas,  Schreibersite is comson, and is much more

W

tending to be in thes
irreguler in grain-size than the nickel-iron, and, in comtrast to tasnite,
tends to be concentrated at grain interfaces. The sdges of these areas
‘ /
are more regulel, end often have an outer boundary of teenite and
schréibersite (Plate 1a). & vordetion of this texbure is Pound in
pundrebilla with rounded Gaenite, taenite-schreibersitc or schreibersite
in & matrix of non-granuler Kemacite: ﬁhis may be 1in contact with ths
wormal granuler type, end some bacnite groins ere shered by both

"E D) <

Lerowidmanstatten stiuctures fC&emoWe the normal structure but on

—~
i
3
]
-
[m]

a much finer scele, with kemacite groins only about 0.1 mn thick, 'een-

Ltes are not as long but nay be very varcisble in shepe



1o

1

very sinuous.  Schreibersite often occurs in this struchure ss rhebdites
{(within kamscite greins) or irregular groins between kemacite grains
(Plate 4c),
(3) Devk or Lemcllar Plessites
Dark etehing plessites again consist of two types often occurring
ogether, and it 1s only then that the fwo types can be distinguished
with any degree of certainty. The Duplex type is apparently the more
abundant, and, where it occurs with the lartensitic type, it'is central,
T4 s lighter etching, generally coerser with kamacite move abundants
aind often has a recognisable Widmenstabtten orientation, nnd formed from
the lower nickel portion of the perent tacnite grain (Flate 4 dje?f
Hartensitic plessite may boider the duplex structure or, especis llv
in finer teenites, be the only form present. It etches davker, with
a less distinct Widmansbabten orientation. ¢ is richer in taenite, end
Pormed by the broakdown of higher nickel taenites than did the duplex.
L othied type of lamellar plessite is very common but light

4

evehing. Tu appears 1o be an early stage of dark plessite formation

.

which, due to its higher wnickel content, has been srrested and prescrved.
2 15 2 1

The duaner boundory of the taenite is very rasged, end the ground ness

O

.

contains a few rarﬁed unorientated taenite grains.,  1he nature of the

ground moss is unkndwn, bub may be a submicroscopic mixture of lkomscite

l_l -
[a)
+3

and tacnite.

his plessite often passes leterelly into meriensite
vhere the perent taenite broadens.
"

b, lidneralogy

(1) EALACTIZ-TANNITE  makesup the bulk of the neteoritves, and kemecibe
novmally hes o Vickers Herdness in the renge 260-280, but, in Caralue,

the heat-effected outer zone is partly presecrved with values down to 160



in the outer 5 mm (Fig. 2a),. In Caralue, the grains moy be up 1o 4em layg -
but, in'ﬁundrabillay they are generally much smaller,

Taenite is distinctly creomish compored with kemacile, and hes a
Vickers Herdness range from 370-L20 across a lamellae reflecting the
variation in nickel content. The highest values ave ffcm the centre of
the grain where taenite nmay be strained (Fig. 2b). Neumaﬁn lines are
common in the kamacite, and‘arc offten refracted at graln boundaries and

distorted near 1nclus¢onss and only rafely pass through taenite grains.

' ' } "r'/%.\;f—l !
300 ’ 4CO‘ t / \
+ VA
o+ !
Tt | |
V.H. V.H KAMACTTE '?AENH'E : KAMACITE
2 200 i |
. [ S
+ + i i
| ]
- I
L L1 ' 1 1 Y 14 i
10 4] 10 70 200 o - ' 2 3 4 L
DISTANCE FROM EDGE MM, DISTANCE IN MM
FiG 2a F1G 2b

(2) SCRSIBERSITE  is largely restricted to graein bounderies where it

ocours in a variely ol situatlons.

s

te which it partly rims (Caralue) on

.

(o) idssociated with sroildi
forms lerge bordering masses up t0 1 cm or more (Eundrabilla)u

Rere euhedral crystels may also be found around the borders (Flate 22).

- ER

(b) At lemacite~komaocite srein boundaries where it veries from .05

2.

to 1 mm or so in length, perviculsrly in the VWidmenstatien Patiern

Arhere it alternates vwith the taenite lamellze.

hY 0 S + v &) .
_(o; &5 kemgeitestoenite bounderies where it hes grown ab the e



—_
{620

b 4

pense-of the teenite producing "corrosion” pits in the teenite
(Plote 2 b, c). The sehreibersite grains ere usually isolated in

voenite, but Mundrabilla has exemples of schreibersite in contech
with taenite,
(@) At keamacite-kamacite bounderies showing no relationshin to
taenive, 1t is often coarser in these situations. This type of
occﬁrrence 18 commnon in the white plessites. -
(e) As euncdral crystals usually isolated in kamaéite grains, this
is the so-called rhabdite; very commonly as small,crystais along
grain boundaries in both meteorites (Plste 2d4),

drom textual evidence, it can be seen that schreibersite has

crystellised over culte a range of time end temgeraturep it is beu
lieved that the schreibersite (2) crystellised much earlier than
(b) or (c), which possibly formed ot quite low temperalure by
diffusion of nickel.én& phosphorus.  In the latter two types,
the séhreibersite has drawn the vequisite nickel from earlier-formed

veenite by local diffusion of the order of .05 mm or Lless, Thet the

sclreibersite is late forming is shown by the way it has corroded the

o

dark plessite in some places. Iflit is accepbed that this plessite
formation took plece at a latec stage, then the schreibersite formed
very late.
{(3) LAVRANCIIE s quite common, especially in Mundrebille where diops
ooze out of the metal interfaces in o matver of hours, It is
greenish-yellow, ond is irvesularly distributed along kamacite~tasnite
boundaries end erourd troilite nodules. As a result of the method of
bion preparation, the very unstable lavrencite was not .seen

in the secctions, elthough the corrosive effects of its PUEsencE werse soom



evideit. In spite of its dnstability in the presence of woter cnd
oxygen, lawrencite has survived in-some apparently highly weathered arveas
of bhe ncneorlteso

(%)  PROLLIEE  is rere ia Caralue bult very common in Fundrabilla, and is
the hexagonsl form in both cases, The troilite in Caralus consisfs of
single sublizdral crystals with a few rounded grains which aive strongly

pressure twinned.  One grain shows two deformation events; the Ifirst

coused micro~faulting along o few well-deiined planss shown by the disloce-

)

tion of duubreclite exsolution lemellse; the second (2) deformation

caused the formation of pressure tuLnnlng which crosses over the fractures

{plete 3a). Also present in Caralue are thin planar twroilites which sre.
. R n . : .' N o 5\
probobly the so-called Reichenbach lamellae. They ace parellel to {110),

of the original Pe-ivon, acd are up 1o J cm long; some have a surround-

ing layer of swarthing ramacite.

roilite  is common in IMundrabilla as rounded solyerysitalline nodules,

Y

frecquently with a series of concentric merginal grains with EESDHWuO C Ol

tent decreasing imwards. A zone of subhedvel~sthedral graphite greins

up to 0.1 mm or more ocours at the margin with some graphlite in the metal.

The outer troilite band is about 1 mm Thick and contains up to 30

graphite, generally very I Lne, but some coarser elongate grains occui

. X

normal vo the houndary, One or two more concentric bhonds inside this

contain progressively less graphite with different nreferred orientations,
probably reflecting the different crystallogranhic orientations of the

troilive, no ¢ bends have the same crystallographic orientation

sround the nodule: g disvance: of seversl centietres, The core i

a3
b

~

polyciystalline, and contains treces of graphite ot the marging
o7

“t .A -y
s

c

.
B
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4L second type off occurrence in both meteorites is as composite

grains with deubreelite and chromite, and is usually associated with
large schreibersite grains. The grains are in the range 0.007 to C.01 mn
and sre Lfalrly rare. In Caralue, troilite-daubreelibe hus exsolved f{rom
a grain of bulk composition 12,65 Cr, 48.6% Fe and 37.S5% S, As the ex-
_solg%ion Lamellee (plate Le) are only 1 to 0,3 microns wide, the electron
probe géve a bulk anelysis of the grains, two giving the same composition
of’ Cr2F9781O which falls in the (Fe,Cr)q_XS solid solution field for the
Fa-Cp-5 system, The greing were at higher temperatures a chromium-
pyrrhotite, but at lower temperabures have broken down to the end nom-
bers fel and FeCrzSho Two electron Hioroprobe anslyses of Caroplue
twollite gove Fel, as did o measurement of cell pavemeters by X~ray
Diffraotion using the calibration greph of jArncld andjaeicheﬁ

Phe association éhromiteudaﬁbreeliteutroilite may be of use in defining
conditicns of formation,

(5) DMBREELIIE is common as Llight bluish-grey ecxsolution lemellee in
roilite or iﬁ the smell composite grains described with troilite. It

—

iz readily recognised with a Vickers Herdness of 350, a reflechivity of

56 and one poor cleavage parallel to the length of the graine It con-

3

tains occasional, apparently labter, ewsolution lemellse of troilite.

It is more resistant to wenlhering than broilite, A microprobe anolysis

off Carelue daubreelite gave Fe 19.%5, Cr 37.1%, 3 L6.CY, corresponding

to the theoretical formula of FeCrESla in Mundrabilla, daubreelite
|- -

lemellee ave conbinuous scross boundsries in the concentirically banded
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(6) CHAONTIE  is very rore, although several mecrosconic grains occur
in baralue and are earlier than the daubreclite and mav be earlier than .
che troilite (plate 3o). Very smell grains occur with deubreslite and
te in both meteorites.

(7) COPPER was found as & single grain (.01 mm) merginal to troilite
‘ossociated with deubreelite and schreibersite in Carslue {(Flate 3b).

(8) GRAFHTI®E  is common in lundrabille, occurring in severel ways.

The occvrrence with troilite hes been described, end it also is very
common £5 euhedral graeins in the large margina} schreibersite grains
(Plate 3c). Also, in essentially graphite nodules with euhedral
graphite and lamecite, teaenite, schreibersite and accessory troilite.
Isclaved graphite euhwedrs occcour in.ﬁhe metal neer grephite-bearing
troilité nodules, Graphite crystellised early, certa 1nlj before thc
davbroelite.,

(9)

billa in a troilite nodule sssodabed with daubreelite {(Plate 3d).

LERTs is wvery ravc, oaly two grains beilng found in iundra-

(10} DIOPSIVE is & common consbituent of one troilite nodule with
Sraphive, doavbreelite and spholerdite, with some silicate in a lsrse

assoclated schrelbersite waess, and in the komnacite. Cristobalite nas

been temntatively identified as o minor associate with the diopside.
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t o high iemocuauureo The

sidlicoves ave veined by laler troilites, and ere up to 2 mm in dig-
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mober (Plab

is o rore miﬂeral in Ceralue because of the scarcity

of troellite, bus common in lundrebilla where it is replacing twvoilite,
perdicularly near the margins of the nodules, Vhere szon pentlendite

e S - - 2 e e e D S RN R I
slitpys dppears o be & weabthering product. (Plate 38)
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(12) GUIDHILE is a a product of weathering, perticularly near the mar~
gins of the meteorite and in the troilite nodules. Goethite always
leS troilite nodules in Dundrebills, and foims largely by the weather—
ing of uLckelnlron p"“her than troilite. Legnetite is dntimavely

assocliated with goethite and only identified by Xeroy Diffrection,

DIBCUSBION

It is generally believed thet the sulnhides formed from o melt
(@] i 2

ond this 1s in egreement with Tthe textural and structural evidence

seen.,  Feavurss such es the concentiic banding in the Mundrebills

SLa 04

ces ere dirficull to explain except by cooling a meli. here
i some- evidence for local reheating in Fundrabills, perheps by shocli,

It is not wimusual to find smong the White Flessites local greas where

the grains heve become rounded by e Later diffusion, and the poly-
crystalline lemacite has become a single grain. This is the round

plessite,  Derk plessites sometimes partielly breel down to the some
rounded grains {Plate 18).

Tn contrast, Caralue shows o histoey with at least two deformation

.
&

of the troilite as discussed before. The sequence of evenbs in Cara-
lue is crystallisation of chromite~troilite, exsolution of daubreelite,
o A — L3 i} -l - . . LT - ga hd >

fracturing and development of pressure twinning.

It is not kaovm whether the fracturing and pressuce tuloning were
rvelabed o Gwo separate events, Caralue shows ne evidence of luber
besting as does undrabilla.

Phe resistance to weathering of the major phases is schreibersi te
davbieelite >  troilite ,/. Ni-Pfe,

Eerdier electron probe work by the B.H.P. Co. on some silicote

inclusions associated with graphite in Luadzebille has demonstrabed.



the prescace of forsterite, plagiloclase and unknown aluminiwm and

calciwm-rich phases (R. B. Wilson, personal cemmunicetion).

QABLE 6  ELECPRON PROBE ANALYSES OF SILICATES
(2) (b) (a)
Te 1 06% 0, 56 005% 1.0%
Na,0 5¢9 . te Sely o6
o 4045 o 28,3 f ol
810, 47,8 39.0 L7.% . 550
Ca0 bt 142 15,0 102
1ig0 56,9 te 28,0
Thego analyses correspond ©
(a) (Ca,lFe) Na, Alg Sig O)o
(b) TPorsterite Mg, SiOA :
(c) Na., (Ga,Fe)5 AL Siﬂo 0. 33
(a) Oligoclase + Forsterite
The forsterite is notewowthy for its very low iron content, a
fact noted in other irons. ‘The analysis (a) contains ‘oo wuch 41,0,

272
and. teo little SiOZ to be a plagioclase, but may be a mixbure of
plagiociaﬁe and a high alumina-low silica phase.,  Similarly, the
anslysis (c¢) is oo high in (Ca,i'e) and too low in aluﬁina and silica
to be & pure plegloclase, but may be a mixture of plagioclaese and a

calcium~iron silicate,
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sterite can be 1dcn ied with cer-

J

tainty, and more work 1s necessary to elucidatle the tirue noture of
40,

the silicates present, It would appear that a faivly complex sili-

gate essemblage is present. When the semple was digested, some sile-



icobe grains were {ound in the residue, but in insufficiecnt quantities
te ddentify, They included ouc bright green greain, o few yellowilsh-
green and some colourless grains. At least two silicetes could be re=
cognised in the polished section and have been identilfied as dicpeide
end cristobolite, Two éiliCates vwere ldentified by electron probe
analysis end the presence of at least two others suggested,

Larglue is @ faifly normal mediwa octahedrite with evidence of
deformation in the sulﬁhidesu Metellurgical investigation moy be
sule to define the nature and lntensity ofrthe deforming forces,

fandrabilla is a remavkable, perhaps unique, metecrite with‘its
high sulphur, phosphorus, carbon and chlorine content and variety of
silicates present., Very fruitful lines of research are possible in
the ﬁineralogy,bulk and trace eloment composition, isotopic composition,
structural and metellurgical aspects, such as heat ef'fects in the atwos-
phere and in space.  However, as yet, only small ableted and weothered
fvagﬁenﬁs are available, snd thesc are not suiteble as they awve unrepfesé

LT

entative of the true composition (lew in S etc.) and metallurgy, It is

hoped that some egreement will soon be reached, and the smoller of the
Lo masses scetioned to reveal the true nature of this remarksble
meteorite.

2o

AOLLTs.

av Hineralogsy
(1)7NICKEL~IROH' is the most abundant opague with the keamecitc 4he
nost abundant phasa. Taenite; although common, is rel&tiﬁely niner
compared to kemeoite, Several types of assoclations are founds
(o) Kamacite in isolated grains is the most conmon metel phose,

(1) homacite, with minor tacnite generally sround the mergins, is



not uncommon,  This may not be an exsclution feature.
(¢) Teenite grains with cxsolved kemgcite ave Léss common {Plate &b)
(d) Flessitic kemecite-taenite is very rare, oniy one grain being
positively ddentified. This is an exsclution texbure.
(e) Koamacite~tuenite-troilite eutectolds are not uncommon
(Plate 5 e, £), bub tend to be in smaller grains, The metel is
commonly asséciated wi#h more or less troilite, and the veitures
suggest they formed from s melt., The metal is later than the
silicate, partly or completely surrounding silicate greins op
corroding chondrules (Flate 6¢), It has been highly weathered
and about half of the metel has been oxidised o goeihito,
The metal phase conteins both exsolution temtures and eutoctold
mixtures, the exsolubtlon textures apparently being later. Ileat
effects are shown by the softness of the metal (V.H. 150).
Bchireibersite was very doubtfully identified as a few very smell
pinkish greins in the netel phase, Chromité is a fairly rave
phase occuriing as subhedral or euhedral grains up to Oei mn with
troilite. It may have corroded edges where in contact with the
silicates, snd 1s sometinmes frqctured and inf'illed with 5ulphide¢
(2) TROILITE is very common, and is usually essociatod with pent-

landite, Like the nickel-iron, it is later then the silicate, bub,

‘unlike the metel, it shows evidence of remcbilisation, Sulphide
cocurs in silicebes showing evidence of some degree of recrysbtalisa-

ticn. - It has several modes of occurrence,

[al]
~—

(o) 4s drreguler mims sround the chondrules (Flate 5 o,
(b) As a troilite-silicete sheli around chondrules o o dewth of

ebout 0.1 mm (Plate 5 a, b). To this depth, the chondrules



2,

. appesr to be reorystalliéede

(c) As elongate greins in the bars of someolivine chondrules
(Flate 6a)

(@) As very fine zreins scebtered through éompletely recrystal-
lised chondrules,

(¢) The commonest occurrence is as interstitisl grains scatterei
throughout the Silicéte mabtrix in grains from 1-2 m down to lass
than the resolving power of the microscope, It is often asscci-
ated with metal either zs host or aé inolﬁsions,

(3) FPENTLANDING  ds very common replacing troilite in verylng amounts,
No evidence of primary pentlandiie was seen.

(&) GUETHITE is very common es velns, veinlets or banded mosscs re-
placing nickel~iron in particular. 4 comparison of the sulphuwr
percentage with the average for the H-type chondrites suggests
that there has been 1ittle oxidation of troilite t0 goethite, but

“thet wlckel has replaced the iron with no‘sulphur Lloss,

{5) OLEV]Nm is the most ebundant minersl ocourring as chondrulcs or

in the Zround-nass. Coleourless, unlssas goethite-stoined, 1%

tesplays o distinetive fracture patitern, and is opllcally -ve

L (?

L rom el - fs o y e
with a 2V of 927, giving a composition of Ta, .. Olivine occurs
in several distinet ways

(&) Chondrules which vary From single crystals to polycrystallinc
aggregabes with indistinet chondrvle shape sre wost prominent,

An o penerol rule, the most rounded chondrules conlaoin the -
Jeast aumber of grains, and almost all show some shock Teatures

39,

Shoek dnvariably produces a furbid glass in the chondrules,



o

2D

. ) T e )
either os bars in the less disaggregated chondrules (Flate 67)

or as an irregular ground-mass in the more highly. fractured

(Plate 5¢)e  The barred chondrules frequently have a preferred

orientation showing melting in situ. Tn some of the gramilaz

chondrules, the fregments are alm st all euhediral, verhaps

indicating recrystallisation, In some chondrules, ihe slass
Limited to an outer shell,

(b) Aggregates of angular fragments with e poorly-defined shape
greding duperceptibly into chondrules, are perhaps deformed
chondrules.,

(o) The grouad-mess consists Largely of fine angular olivine which
may pvus into aggregotes or crushed chondrules,

() As gremules which are too anglar 10 be chondrules, but teo

loarge to be considered as part of the ground-mass,

L-ray Diffrectometer determinations of the olivine composition by the

British Museuwn geve:

(6)

( 1) 1954 Ta using the method of Yoder and Sahama (1957)9 and,
(b) 21% Fu using the method of Louisnethan and Swmith {1988).
”‘FDJVROZNAL ig common es prismatic chondrules (FPlate &¢),

often fibrous ond redisting (Plate 5e). The chondiules are often

3
[
P

3]

)

brokenﬁ but are neve segeregated grains, olthough single anguler
fragments are found, Partial recrystallisation to oéarser sreins
ccours, and these ave almost colourless (b*OlQTUJbu alviays

eppear grey because of The fine grein-size) with straizhi exting-
tion, a 2V of 9) ; and ure'o‘ticaﬁly -y, .It is vhevefore a

bronsite, Pg,

e Reerystellisation of the outer mawgine of the

chondrules 18 not wacommon {Plate 51), resulting in o cloaw coorcer

pime  Overgrowths of pyroxene occur (Flate ud;9 and suggast
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chondrule Tormation occurred by precipiltation from o mell or vapour,
(7) CLLIOPYROAENE is partlcuilerly common in monomineralic chondrules or

vwith eolivine, L ds finer and apperently less common in the ground-

]

It 4

P-"n

MEs S, colourless and resdily identified by its multiple twin~
ning.  Graiansize is generally less then 1 mm, and mostly too fine to
obtain an optical Figure (it is +ve) or &V, It is believed o be a
member of the diopside-~hedenbergite series.

(8) GLASS s not uncomaon, -particuleriy in the olivine chondrules end

i

scatlered through the ground-mass, Some chondrules contain as much as

two~thirds glass. Huch of the glass is devitrifying and forning
groups of radiating crystals of a clesr mineral which may be

plagioclilask,

torm Celculation

The only significans veristions from the aversze for Witchelinse are Tor

)
aluninium, celelum and magnesium, which are high, and silica snd iron which
are low,  Assuming the analyses o be correct, then this resuwlts in o high-

er olivine and lower pyroxens content (less silica) with more feldsper

)
[_-
2
o3

~

higher Limé end alumina) t1w1 average Trom the norm calculation, it is
likely that some of the alumina is in the pyroxene, thus reducing the total
amount aad lime content of the feldsParn The average comnuultaon of I~typa
ohondyites is . hoaz : Ox,a arnd, '}o normative value is oo colcic,

pinilarly, some of ﬁhe_ﬁitania and chrome ic probably present in
pyroxene, reducing.the amounts of ilmenite andlchromitea The caleulated

velues for tne olivine and crthopyroxene compositions are in good on

TeEnes

with the velves obilained by 2V measurement and oy Diifroection,

Witchelina is an 0livine~Broazite Chondrite in the modificd Drior

o
(o]

[y
|
3

o
e

1, and bolongs ~type of Urcy and Crpd

é_')a.

dn attempt was mode to place Witchelinae in the chemicsl- setrologic



Hypersthene
0livine
Chromite
Ilmenite
Apetite
Holite
Fe—ﬂi—Co
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Anoethite
Olivine
Forsterite
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19,00

tcetion of Van Scimus and Wood, but, owing to -
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Feﬁrosilite
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Wollastonite
Bnstetite
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G
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17e5

8.3
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e Linited mogher

off thedr paremelers studled, this proved somewhat Aifiicult.

olivine composition is opparently homogenous; clinopyroxene common;



turbid gless present; secondary feldspar absent or very fineiwith
vell-defined chondrules, and it has e clear crystalline medrdm, -
This, plus comperison with some metecrites of known chemlcel-petrologic
tyoe, places Witchelina in the Hi Group.
. ‘ . ‘
Witchelina is & highly weathered stone, this tending to meke

anelytical date doubtful and obscuring the petrology. Vork could be

loite on the composition of the ortho- and clincovroxene: +Lhe elas
. o« 2

s
A

and its devitrificaéiaﬁ product, and the metal phases.  Howover,
because of the fine size and weathered nature of the materisl,
peacticel minersl scparations are impossible, and the only method
aveilable is the electron probe,  Bebtbter snalytical data for the
.various oxidation states of iron may be obteined by using the chlbrine
distillétion method of loss, Hey end Bothwell (1961).

C, CONCLUBTION

™

dray Flﬁorescence analysis appeoys to be a sultadble methoi for
the determination of sulphur, phosphorus and chlorine in siderites by
converting the sample to oxide wvia nitrate under strongly oxidising cone
ditions to prevent the loss of 802, bt a3 not too high & temperature to
drive off voletile ferric chlorides. The method is not reelly suitable
for ivon because, with the high percentage present, the relative error
bocomes quite a significent absolubte error, Atomic Absorption Spectro-
scopy is suiteble for determining most other minor and some trpce clemeita.

b

The composition of acrolites con be quite repidly debermined by Xeras
Fluorescence analysis supplemented by Atomic Absorption Spectiroscopy,

wather than by the more laboricus methods ususlly usad.  Sulphur and

]

chlowrine can be determined sccurately on pressed mounts. A bhe owainary



meveorite as o stendard reduces corrections

. - LN | .. -3 . L) o B
chondrites have o foirly constont composition, then the use of o
to o minimu, It is Lo be

hoped that some chondrite will be sgreed on os en internciional stenderd

on are (] and ¥ in terrestirial petrology.
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s APPRNDIX 1

M

NON-THRRESTRYAT, _MINPRATS,

KAMACITE o «Iron TFe,Ni approx. 6.5% Ni

TAENITE ¥ -lron TFe,Ni 15354 Wi
TROILITA : Stoichiometric FeS
. DAUBRERLITE FeCrp§), (thio-chronite)

SCHREIBERSITH | (Fe,Ni)4P
' LAWRENCITE  FeClg
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LAR PLESSTCR
Angular taenite {tn) in o motvix

of granular kemacite (km) CARALUR (* 110)

ROUHD  PLESSITE

| Lound teenite grains in a single
kemacive grelin, Has an almosi
complete wim of teenite {tn) end

sohreibersite (sb) LUNDRABILLA (X 20)

ROVIDIANSUATTEN  PLUSSIDE CARALUE (X 110)

DATIC PLESBIPE
Shoevwling undecomposed outer tasnite
(4n), en internediate zone of
tensitic plessite (mt) and a corve

of coarser duplex plessite {dp) . VUNDRABTLLA (X 140)

L

Lowze komacitle (lan) prain cubting

(X 290)

carlier mortensive (m‘t)

brecokdowrn of dark plessite into

rovaded taenite grsing (tn) : FUFDRARIDLL (X 110)
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A troilite (tx) nodule partly rimmed by

sehreibersite (sb)

and.

Ao dsubreel
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ite exsolution lemellae {dr)

omacite (la) CARALUE

SO RS ST0

Growth off oifc¢buflltc (sh) along

&x‘OClu

corrosion pii

Diffusion of Ni
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