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ABSTRACT
» On the basis of new data for the frequency of band width

distributions in 2 collection of 63 octahedrites, a revised
classification into coarse, medium and fine octahedrites has been
proposed, A study of the nickel contents and structures of iron
meteorites would suggest that the following relationshipshold:
hexahedrites and nickel-poor ataxites, 5.,5~6,0% nickel; coarse
octahedrites, 6,0~7,2% nickel; medium octahedrites, 7,0=10,2%
nickel; fine_octahedrites 7.7=14% nickel; nickel-rich ataxites,
14-23(?)% nickel,
' New data on the metal phase of iron meteorites indicate
that the gallium and germanium contents are distributed
between three distinet levels, confirming & previous observation
by Goldberg, Uchiyama and Brown (1951) with regard to gallium,
Cobalt and copper values are shown to vary more.or less sympathet
ically with the nickel content, The distribution of chromium
would appear to be complicated by the presence of troilite either
close ﬁo, or contaminating, the'sample analysed, Similar data
for the metal phase of nine stony~iron meteorites suggest a
similarity in nickel content and trace element content of all the
samples analysed, '

Semi~quantitative determinations have been made of _
cobalt, chromium, copper, germanium, manganese, nickel, lead,
tin, vanadium and zinc in troilite from fourteen iren and two
ston&-iron meteorites, Similar determinations have been made
on schreibersite from two iron meteorites, Semi-quantitative
analyses of bariom, cobalt, chromium, copper, gallium, germanium,
manganese, nickel, tin, titanium, vanadium, and zirconium in
olivine from four pallasites, together with macro-analyses
and optical data, suggest +that the olivine has a constant
composition,

The data have been used to calculate new abundances for
these elements in meteorites and new data on the geochemical behave

ior of these elements,
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Table 2

Statistieal data on gallium analyses (@ym)

_Recion I ~ Region II Region TTX
Canyon
‘Diablo Moorapnoppin Admire Delecate Msonbi Wedderburn
72 86 1¢ 20
Bample A 27 23 19 21.5 2,78
' ge 80 20 8,15 3,08
77 83 1¢ 20 - 8,95 . . 2,62
B 72 21 20 20 8,10 2,93
’ 75 ’ 79 20 8,80 B
77 73 17 17 7.70 2.46
c 75 83 20 20 8,00
(8 X | 15,5

Mean 78 80 16 8 940 278

Standard 4 - g o
‘ieviatggn +5 44 +1,4 +2 0,55 0,25
% spread 8, 6% 5% 7.4% 104 - 6. 5% Q,7%
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Na, of
Samples analyses Ga Fe Cu Cr Co
Meteorite analvzed in mean ppm - pom o ppm - mer ceph

Burnlds AB. O, <10 <5 o5 44 0. 48
R A:.5.0. <3 V<5 .98 39 0,45

280 160 <5 0,4¢

290 135 <5 . 0,4°

210 190 <5 0,49
100 168 ~15 0,44

Canyon A.B.C,
Diablo = A.B.
L JTAB,C,

TIAB.C,

Yenbury

i oD COEED

CRICNIG0 -3
o lrojtofo

Eyancntta  A.B.C, 8 20 456 23¢ &80 4,80
Y . 1. 18,5 .36 170 27 . 9.50
noahonrne  ——tiiBels 8 17 <5 190 44 0,57
woebenrne T ] 12,5 3 260 44 0,56
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.2, TROILITE AND SCHREIBERSITE PHASES OF IRON AND STONY-IRON METEORITES.
(i) Troilite: Samples were drilled under a binecular micrescope from
‘sections of meteorites using a laboratery model dental machine

fitted with S.S, White No, 2 "carbide" dental burrs. These burrs are
approximately 1l mm in diameter and are suitable for sampling smsll areas
of troilite relatively free of phases other than FeS, Burnham (1955)
has used the S&ﬁe techniqﬁe in sampling chalcopyrite and sphalerite

aﬂd concludes that no systematic contamination effects are introduced
by this method,

The analysis method (Table 5) has been adapted from that vsed by
Burnhaw (1955). The standards were the same as those used by him in his
study of trace elements in chalcoprite and sphalerite, The base is a
relatively pure natural chalcopyfite from Ajo, Arizona to which oxides
of cobalt, germanium, manganese, nickel, tin and vanadium have been
added. ANot included in these standards were chromium, copper and zinc,
Separate standards for these elements were available in a base composed
of microcline, quartz and iron oxide. Standards covered the concentrat-—
ion range 0,001, 06,01, 0.1,1.,0 per cent,

The méan of ‘at least two determinations, is given, except in the
case of zinc where only one determination was made,

The analyses were made over a period of four days and unfortunately
insufficient material was available to permit testing the reproducibility
of the wethod for a longer interval of time, There was sufficient Canyon
Diable troilite to allow testing the reproducibility of the method over
the limited time of the analysis period. Some 7 samples were run and
the results are shown in Table 10, Standard deviation for most elements
are reasonably good, Where percentage spreads of 17 percent or more

are found, the values are on the lower end of the sensitivity of the

element,
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(ii) Schreibersite: Samples were prepared and analysed in the
same way as troilite; the assumption is made that substitution of
_phosphorous for sulphur does not produce significant matrix effects,
Insufficient material was available to allow any determination of the
reproducibility of the analytical method,
3. OLIVINE PHASE OF STONY-IRON METEORITES.

01iVine.s@mples weré‘prepared for analysis by (i) the rapid-
silicate method for macro—elements and (ii) a semi-quantitative spectro-
graphic methods for trace-element content,
(i) Rapid Silicate Method: Samples (2% - 3% g) were prepared by
chipping olivine fragments from the mass by means of a dental chisel,
Unoxidised and uncontaminated fragments were hand picked under a
binocular microscope for crushing and finally analysis,
(ii) Spectrographic Method: Samples were drilled in the same method
as troilite sampling. Duplicate analyses were also made on the
material used for the macro-analysis, The precision of the method
bas been determined by previous workers in the spectrographic
laboratory of the Division of Geological Sciences in the California

Institute of Technology as approximately + 25 per cent,
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_PART III : EXPEIRIMENTAL RESULTS

1., IRON METEORITES
A, Structure and Nickel Content of Metal Phase,

Table 11 gives the results of the determination of the nickel
content of the metal phase of iron meteorites, The band widths of the
octahedrites and thé structures of the other iron meteorites are
also given,

The following notation is used. in the tables with regard to
the structure of the iron meteorites:

Hexahedrite (H)

Coarsest octahedrite (0gg)
Coarse octahedrite (Og)
Medium octahedrite (Om)
Fine octahedrite(0f)

Finest octahedrite (Off)
Brecciated octahedrite (Ob)
Nickel-rich ataxite (Dl)-

Nickel-poor ataxite (D2)
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B. Trace-element Content of Metal Phase

The gallium, germanium, copper, chromium and cobalt contents
of the metal phase of iron meteorites determined in this study are
listed in Table 12,

-During 8 preliminary semi-guantitative sfudy of oxide samples
of the Coya Norte (hexahedrite), Canyon Diablo (coarse optahedrite),
Henbury (medium octahedrite), Altonah (fine octahedrite).and Cape of
Good Hope (nickel rich aﬁaxite) iron meteorites, the follewing
elements were recorded as being present in concentrations less than
the sensitivities reported in Table 13:

antimony, arsenic, barium, beryllium,
bismuth, boron, cadmium, gold, indium,
lanthanum, lead, manganese (s.lppm),
mélybdenum, niobium, platinum, scandium,
silver, strontium, tantalum, thallium,
thorium, tin, titanium, tungsten, uranium,

vanadium, zinc, zirconium,
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Table 12
GALLIUM GERMANIUM COFPER CHROMIUM COBALT
) ppm ppm ppm ppm Per Cent
NICKEL Previous Previous Previous Previeus Previoua
PER This Work and This Werk and This Work and This Work and This Work and
METEORITE STRUCTURE CENT Work Reference Work Reference Work Referemee Work Reference Work Reference
1  Altonah of 8,56 2,6 2.31(29) <5 130 a5 0.42 0,44 (29)
2  Arispe Og 8,77 54 55,6 (29) =230 110 46 0,48 0,49 (29)
3  Arltunga taxit 10,08 32 68 300 73 2600(45) 0,63 1,01 (45)
4 Ballinco ot 10,06 45 10 255 60 0,54 0,74 quw
0,60 (14
5 Basedow Range Om 7.92 17 .30 190 88 0,48
6 Beaconsfield Og 7,18 79 260 120 200 (11) <5 0,48 0.48 (11)
7  Bear Creek Om 10,14 17 17.5(29) 25 155 <5 0,51 0,67 (29)
8 Bendego og 6,80 48 200 400(18) 175 32 0.44
9 Bingara No.2 H 5.75 66 170 120 100 (79) 33 0,54 0,79 (79)
10 Bingara No,3 H - 48 125 160 100 (50) 85 0,45 0,52 (50)
(Barraba) 0,50
11 Bingara No.4
(Warialda) H 5.66 46 140 140 53 0,45 0,78 (54)
12  Bischtube og 6.48 51 160 110 23 0,42
13  Bexhole Om 772 1545 28 130 82 0,50 0,44 (2)
14 Bugaldi of 8,99 <3 <5 95 40 0,47 mumw (42)
15 Canyon Diablo Og T.18 74 76.3(29) 280 160 <5 0,49 0,50 (29)
16 Carlton of 12,68 12 13,0(29) 19 200 <5 0,50 0,63 (29).
17 Casas Grandes Om 7.74 18,5 30 160 120 (47) 51 0,48 0,60 (47)
18 Coshuila H 5,63 b4 64.5(29) 150 120 45 0,45 - 0,53 (29)
19 Coolac oz 6,95 92 340 160 <5 0.52 0,26 Mmmw
0,87 (33
20 ceoumaﬁoau‘ om 8.12 18 32 110 50 0,49 0,35 (72)
21  Cowra D, 13,72 81 15 190 40 0,70 w.mw Mwmw
22  Guernavaca 0f 8,76 15 37 120 <5 0,59 ‘
23 Delegate om 9.34 20 45 100 <5 0,58
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Table 12 (conts)

GALLIUM GEFMANTUM COPPER CHROMIUM COBALT
bpm ppm __ppm_ Ppm Per Cent
NICKEL Previous Previous Previous Previsus Previcums
PER This Work and This Werk and This Work and This Work and This Work and
METEORITE STRUCTURE CENT Work Reference Work Reference Work Reference Work Reference Work Reference
24 Duchesne of 9,12 ~3 <5 125 800 (57) <5 0,38 0,41 (57)
25 Torsyth Cos B, 5455 57 160 120 50 0,47 0,33 (87)
26 Gibeon of 7296 2.9 <5 185 60 M:mw 200 0,89 . 0,80 :ow
80 (118 0,55 (118
27 Gladstone og 6474 91 410 150 <5 0,51 0,10 (66)
28 Glenormiston 0b J12 15,5 73 190 <5 0,52 0,21 {66)
29 Goose Lake Om 8,48 57 75.1 (29) 220 390 <5 0,52 0,69 (29)
30 Gundaring Om 8.32 20 a8 158 48 0,61
31 Henbury Om 7,66 60 17.2 {(29) 210 190 <5 0,49 0,70 (28)
32 Hex River Mtns., ¥ 5,68 46 145 105 30 0,42
33 Huizepa of 7481 4,3 2,49(29) <5 135 230 0,38 0,67 (29)
34 Indian Valley H 5.64 57 62,9 (29) 160 110 42 0,45 0,50 (29)
35 Kyancutta Om 8,28 18,5 36 200 27 0,55 0,39 (75)
36 Langwarrin Og 7.05 80 340 195 600 (77) <5 0,51 0,58 (717)
37 Magura Og 7.08 a2 345 125 <5 0,46
38 Misteca Om 8,21 18.5 40 145 60 0,55
38 Moonbi Ome0f
{anom. ) 7,99 8.3 <5 200 350 0,43 0,56 (48)
40 Mooraneppin og 6.91 79 400 175 <5 0,50 0,88 {(69)
41 Mount Dooling 0g 6,41 ‘82 190 165 200 (68) 40 0,48 0,64 (88)
42 Mount Bdith Om 9,40 17 33 156 100 (69) <5 0:55 0,63 (89)
43 Mount Magnet D, 14,72 8,9 <5 160 <5 0,54 0,77 (70)
44 Mount Stirling Og 8,93 63 410 225 <5 0,55 0,81 (69)
45 Mungindi Ne,1 of 12,18 13 50 290 <5 300 (18) 0,56 0,88 va
46 Mungindi Ne, 2 Of 12,36 15 30 230 <5 0.51 136 78)
47 \Murnpeowie 0g 6,47 44 76 70(73) 160  20(73) 190 <50 (73) 0,47 0,32 (73)
48 Murphy H 5.E82 42 145 115 46 0,45
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Table 12 Anon&e v

GALLITM GERMANTUM COBPER CEROMIUM COBALT
ppm ppm ppm ppm Per Cent
NICKEL Previous Previous Previeus Previous Provious
PER This Work and This Work and This Work and This Werk and This Work and
METEORITE STRUCTURE CENT Work Reference Work Reference Work Referemce Work Reference Work Referxence
49 Narraburra Ome0f i
(anom) 10,22 11 <85 155 100 (43) <5 0,590 0,47 (43)
50 Negrilles )i 5,32 55 135 110 80 0,46
51 Nocoleche og 8.42 45 135 125 700 {18) 100 0,47 0,21 {(18)
300
52 Osseo og 6,51 82 310 125 1000 (44) 17 0,47 0,11 (44)
53 Perryville Ataxite
(anom.) 8,88 20 37,9 (28) 17 285 97 0,54 0,68 (29)
54 Pinon D, 16,58 4,6 2.39(29) <5 40 110 0,59 0,87 (29)
55 FProvidence Om 10,30 20 30 120 200 (82) 35 0.50 0,30 (82)
56 Rio Loa H 5,70 48 230 190 36 0,53
57 Roebourne Om 8,04 17 38 200 42 0.56 0,59 (78)
58 Roper River Om 9,91 17 32 150 <5 0,53
59 Sacramento Mtns, Om 8,10 20 20,4(29) 28 165 22 0.48 0,55 {(29)
60 Sandia Mtns., H 5,94 54 56,5 (29) 146 125 25 0,49 0,53 (29)
81 Santa Rosa 0g a.mm 50 165 120 60 0,48
62 Sao Juliao Og 6,02 37 73 80 <5 0,47
63 Scottsville H 5,33 58 130 115 43 0,47
64 Spearman Om 8,39 20 21,4 (29) 50 180 <B 0,58 0,56 (29)
65 Tawallsh Valley D, 18,21 £1,5 <3 230 54 0,69 1,09 (38)
68 Temora 0g 6,66 91 350 110 <5 0,45
67 Thunda Om 8,27 15,5 39 145 200 (1) <5 100 (1s) 0,50 0,56 {16)
68 Tieraco Creek Of 10,55 16 23 110 <5 0,60 0,72 (39)
89 Tlacotepec D, 16,23 <3 <5 <30 900 (58) 170 300 (58) 0,74 0,68 {58)
70 Teluca .
(Xiquipilco) Om 8.31 62 155 125 <5 0,44 0,53 (29)
71 Uwet H 5,78 45 165 135 <100 (63) 28 D.47 0,75 (63)
72 Wedderburn D 22,24 3.4 <5 580 14 0.61 0,50 (23)
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Table 12 (cont,)

GALLIUM GERMANTIUM COPPER CHROMI UM COBALT

pPpm ppm ppm ppm Per Cent

METEORITE STRUCTURE NICKEL Previous Previous Previous Previous Previous

PER This Work and This Work and This Weork and This Work and This Work and

CENT Work Reference Work Reference Work Reference Work HReference Work Reference
73 Weekeroo 0b 751 34 58 170 <5 0,44 0,46 (35)
74 Willamette Om 8,30 18,5 29 110 50 0,45 0,21 (40)

75 Wonyulgunna Om 9,05 15,5 34 120 <5 0,51

76 Yarroweyah D, 5.70 50 155 145 1000 (77) 67 0,48 0,81 (77)
& Yenberrie og 6,97 86 340 130 200 (53) <5 0,48 1,43 (58)
78 Youndegin og 6,92 86 320 185 200 (71) <5 0,49 0,55 Mmmw

0,92

71
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€., Trace—element Content of Troilite and Schreibersite Phases,

In Table 14 the cobalt, chromium, copper, germanium, manganese,
" nickel, lead, tin, vanadium and zinc contents of troilite samples from
13 iron meteorites, and troilite from a terrestial occurrence, are
listed,

A similar.suitg'of trace—elements has been determined in‘

schreibersite from two iron mecteorites (see Table 15).
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Table 15

Analysis of achreibersite from iron meteorites

Properties of Metal

FPhase
Structure conbent Co Cr Cu Ge Mn Wi Pb Sn V Za  Fe P
Type per_cent per cent n_per cent per cent
Beacensfield® og 7.18 0.62 - - = = 18,16 w« = = = 66,92 14,88
Cranbourne® og 6.38 0.40 - 1000 - - 22,85 - - - = 70,05 6.93
Bear Creek om 10,14 0.35 90 120 8 <5 » <§ <30 5 500
Sandia
Momntains H 5.94 0.19 130 160 8 <5 w1 <5 <30 8 500

2

Analyses from Waleott (1915)
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2. STONY-IRON METEORITES

A, Nickel and Trace-element Content of Metal Phase,

In Table 16 the nickel, gallium, germanium, copper, chromium
and éobalt contents of the metal phase of 9 pallasites and 1 meso-
giderite are listed,

- B. Macro and Trace—elgment of Olivine Phase.

The new determinations of the macro—element content of olivine
from the Admire and Springwater pallasites are given in T@ble'17
and compared with previously published analyses of olivine from
the same and other pallasites,

In Table 18 the barium, cobalt, chromium, copper, ga;lium,
germanium, manganese, nickel, tin, titanium, vanadium and zirconium
contents of olivine from the Admire, Albin, Brenham and Springwater
pallasites are given, |

C. Trace-element Content of Troilite Phase,

The trace—element content of troilite from the Brenham #nd

Springwater pallasites is included in Table 14,
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Tabhle 16
METAL PHASE
Apparent Nickel Gallium Germanium Copper Chromium Cobalt
. Band Per Cent ppa ppm Ppm PrR Per Cent
. Width This Previous This Previous This DPreviovua'ThiaPrev, This Prev. This Previons
CLASSIFICATION (mm) Work Woxrk Work Work Work Work Work Work Work Work Work York
79 Admive Pallasite 12,45 (3]2  6#(48)% 19 21.4(29)% 33 230 26d 0.50 0.02(a8) £
80 Albin 2 10,43 [3] ) 23 30 220 ¢85 0,57
81 Bendock P 0.80 o,20{3] 7.81 (49) 17 40 140 <5 0,58 0,53 (49)
82 Brenhan P 10,88 [2] um.mw MMWW 20 65 170 300(41)% <5 0,80 0,57 (41)
83 Glorieta Mtn, )4 G.4-1,0 ¢
()% 11.19% 10,39 (3) 14 18 299 <100 (3) ¢ 0,54 042 Mw:
0.84 (3)
84 Imilac 4 11.,32[d 11.88 (25) 20 38 180 11 0.47
85 Newport P 0,80 10,83 [2] 19 30 . 240 <5 0,58
86 Piunarco Mesosiderite 9,502 8.94 (2) 19 60 200 : 70d 0,51 0,15 (2)
87 Springvater P 13,16 (2] 10,72 (59) 16 17,9 (29) 35 170 900(59) <5 250(59)050 0,53 (59)
Mean 11,08 19 39 200 2 0,55
Standard
Deviation ‘+ 1429 +2e5 *+15 *33 20,046
Per Cent
Spread 11% 7% 38% 168% 8%
Reference, ' 4 Sample contaminated by troilite.
: Number of determinations, £ Qontaminated samples omitted from mean,

Determination by Henderson (1941a) using same analytical technigue.
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Table 18
Trace element content of silicate phase (olivine) of pallasites
Admire Albin Brenham Springwater

Element I IT I IA 1B I IT Mean
Ba
prm <] 2 <1 <1 <1 <1
Co -
ppm 15 8 15 20 75 30 10 35
Cr
vpm 250 250 150 100 100 100 100 150
Cu
pom ~1 8 2 4 6 8 10 4
Ga
npm <2 <2 <2 <2 <2 <2 <2 <2
Ge
ppm <20 <20 <20 <20 <20 <20 <20 <20
Mn
ppm 2000 2000 2000 1500 1500 2000 3000 1900
Ni
ppm 150 80 150 450 250 350 100 250
Sn -
pom <10 <10 ~10 <10 <10 <10 <10 <10
Ti

_ppm 20 40 60 10 10 10 40 25
v .
ppm 15 20 15 20 15 10 30 15
Zr .
ppm <4 ~10 <4 <4 <4 <4
Looked for
but npt
found— Ag, As, Au, Be, Bi, Cd, In, la, Mo, Nb, Pb, Pt, Sb, Sr,

Ta, Th, T1, U, W, Y, Yb, Zn,

2 Fe Interference
b e ’ I: drilled micro-sample
= Sensitivity Table 13, II: macro-sample (Adwire and

Springwater samples from
macro—analysis sample)
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. PART IV: DISCUSSION
1, TRON MZTEORITES
A. A Revised Structure-Nickel Content Classification

It is generally recognized that iron meteorites may he classified
into the groups hexahedrites, octahedrites aud ataxites according
to the structures shown by the a and/or Y phases of the iron-métal
alloy which constitutes the metal phase, Within the octahedrites,
Brezinﬂ (1885) sugrested a secondary classification basedlon & number
of arbitrary divisions in the range of kamacite band widths>in
octahedrites (See Table 19), To gain a clearer understanding of
the genesis of ¢gctahedrites, it is better to base a sub-classification
on the distribution frequency band widths within the octahedrites,

Figure 1 is a bhistogram showing the distribution frequency of
band widths/;JLollection of 63 octahedrites. It should be noted that
+the band widths are on a logarithmic scale, This scale is used to even
out the effects of the changing accuracy of measurement over the large
range in band widths observed, Band widths were determined for this
study or, in the case of a few octahedrites, were obtained from the
literature where the description was adequate,

The histogram shows three well defined peaks suggesting a
classification of octahedrites into three groups., To test the level
of significance of this observation the chi squared test was applied.
Essentially this test consists in fitting a normal (in this case log-
normal) distribution curve to the observed distribution and seeing
to what extent the population studied differs from this log-normal

distribution, The result of this calculation shows that the observed

chi2 C28.31) is larger than the value (chi)299 5 for 5 degrees of freedom
L
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< which is derived from tables. We cannot accept, even at the
%ﬂ level of significance, the hypothesis that the distribution given
in Fig,l is essentially log-normal,

The size range of band widths is continuous so that break—off
points for the three divisions are somewhat arbitrary; the points
were chosen close to the centre of the band-width range of lowest
frequency. Figure 1 and Table 19 show the relationship of the Brezina

classification to this new classification,

Table 19
Comparison of octahedrite structure classifications

Kamacite Band widths (mm)

Classification Brezina (1885) This work
Coarsest octahedrite (0gg) | 22,5 -
Coarse ocfahedrite (0g) 1.5 - 2,5 >2,0
Medium octahedrite (Om) 0.5 - 1,0 0,5 - 2,0
Fine octahedrite (0f) 0,15 -~ 0,4 - 0,05-C.5
Finest octahedrite (Off) 0,05 - 0,10 . -

The slight minimum in the range 0,2 - 0,28 mm was not considered to
be significant so that the finest octahedrite (0ff) group of Brezina
could not be recognized. The lower boundary (0,05 mm)-for the 0f
group has been arbitrarily chosen to correspond to the lower boundary
in Brezina's classification,

These data show that the Om group is the most common, comprising
approximately 50 per cent of the octahedrites studied. Coarse and fine
groups are equal at 25 per cent,

Increased nickel content of the metal phase is generally related



=40~

S3414pALDYSI Ui (Wwy syspm pupng  jussoddo uwoaw jo  ualnquysg

*T ‘614

G2°2«< G232 o Gl 80 950 £0 82:0 20 $1-0
, S881)
> » N N L L (
ol e
60 i wo v 10 NIOM Sy

}
(g}

-0l

i

Kauanbai ]

{ $20u81iN250 jo OUu )



4]~
to a decrease in the completeness of the Y—G iron-nickel transformation.
The nickel contents of 79 iron meteorites (17 pey cent of all the iron
meteorites for which a structure classification is known) are now
known accurately (see Table 11) and it is possible to illustrate
the frequeney of distribution of nickel in the iron meteorites
(See Fig.2 ).
We can, therefore, derive the following relationships between the
structure and the nickel content of the iron meteoritest
(1) Hexahedrites and nickel poor ataxites form the first peak in
the frequency of nickel distribution., They have nickel conteunts
within the range 5,5 - 6,0 per cent nickel (mean 5.63 per cent).
(2) The coarse octahedrites start at 6,0 per cent nickel and are
most abundant between 6,5 — 7,0 per cent nickel (mean
6.78 per cent), The largest nickel content found was 7.2
per cent nickel,
(3) There is a slight overlap between the end of the coarse
octahedrites and the beginning of the medium octahedrites
at 7.0 per cent nickel, The medium octahedrites are the most
abundaﬁt iron meteorites; their maximum abundance lies between
7.5 — 8,5 per cent nickel, The largest nickel content found
was 10,2 per cent nickel (mean 8,48 per ceqt).
(4) The fine octahedrites considerably overlap the Om types,
beginning at about 7.7 per cent nickel and continuing up to
14 per cent nickel (mean 10,09 per cent) where the Widmanstatten
structure ceases and the nickel-rich ataxites apnear.
(5) Nickel-rich ataxites are scattered within the range 14,0 per
cent nickel to greater than 22,25 per cent nickel (mean 16,88

per cent),
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The limits of nickel content in iron meteorites has been in doubt
for some time. Farrington (1907) reported the range as 2,10 pner cent
‘to 29,99 per cent nickel with one iron meteorite (Oktibbeha nickel-
rich ataxite) at 62,01 per cent, With regard to the Oktibbeha ataxite,
Farrington (1907) doubted its authenticity eutirely on the baSis
of the unusually high nickel content, 1In spite of its being the only
rnieteorite greater than 30 per cent nickel, the Oktibehha iron meteorite
is most likely a legitimate meteorite, Its reported nickel content
is used as the known upper boundary for iron meteorites.

It is of interest to compare the nickel confent ranges reported

by Berwerth (1914) in his classification of iron meteorites:

Table 20
Nickel countent
I, Kamacite types
(Includes Ogg) 6 per cent
IT., Octahedrite tvpes

0g 7-7.5 per cent
Om 7.5-9 per cent
of 9-~11 per cent
off 11-14 per cent
III. a) Plessite type 14-18 per cent

b) Taenite (+ rare
plessite) type 26 per cent

On the basis of the present work it is sugrested that the structure
classification of iron meteorites be revised as shown in Table 21,

The Moonbi and Marraburra iron meteorites are anomalous
octahedrites, They both have mean apparent band-widths of 0,50 mm
which places them on the border of Om and 0f types, and so are classif-

ied as anomalous On-0f iron meteorites,
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Perryville is another anomalous iron meteorite, but one with
somewhat different.properties° It was discussed by Goldberg et al
~(1951) as an ataxite with anomalous nickel values (8,12 and 9.63 per
cent determined by different observers.) An iron meteorite with almost
identical hehavior is the Arltunga. It has a higher nickel content
(10,08 per cent) but the structure is similar. Mawson (1934)
deécribed it as an ataxite. or micro-octahedrite, Both Perryville and
Arltunga iron meteorites are much lower than the 14 per cent lower
limif of the nickel-rich ataxites,

It may be that these iron meteorites represent altered normal
octahedrite types (c.f. the metaholites of Prior 1953) but the process
by which any known type of octahedrite might be changed s§ as to have
all the properties of these iron meteorites is-not clear,

The so-called "brecciated" octahedrites (or better granular
octahedrites Ob) are represented by the Glenormisten and Weekeroo iron
meteorites., They bear a close resemblance to the behavior of the anomalous
ataxites, the pairs Arltunga-Weekeroo and Perryville-Glepormisteﬁ are
essentially identical, The nickel contents of the Ob-type iron
meteorites would put them on the Og-Om border, The Glenormiston has the
lower nickel content (7.12 per cent), with a struéture mnade up of an
irregnlar aggregate of elongated kamacite grains with soﬁe ﬁaenite and
plessite, The Weekeroo has a slightly higher nickel content (7.51 per
cent) with a unique structure,

Irregularly oriented areas, each displaying coarse octahedral
structures, have been described by Hodge-Smith (1932), Silicate
inclusions (less than one per cent) were also observed.

The origin of these anomalous iron meteorites is not obvious,

B, Trace—element Distribution in the Metal Phase.

(i) Distribution of galliums:
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Figure 3 shows the trimodal distribution of gallium in the metal
phase of iron meteorites, confirming the observations of Goldberg
' et al, (1951), A logarithmic plot of the gallium contents of various
structure classes of iron meteorites against nickel concentrations
(Fig.'4.) indicates that the gallium levels are concentrated in three
distinct regions, The Ga concentration limits of these regions as

determined by Goldberg et al, agrees well with those found in the present

study,
Table 22..
Ga(ppm) Ni (Per cent)
Goldberg This Work Goldberg  This work
Region I 45-100 4293 5.6-8,T 5.,3=8,5
Region II 17-22 15520 T.5-12,8 7,6=-12,4
Region III 1,7-2,5 ~1=5 T.7=-17 7.8~>23

The decreased sensitivity of the spectrographic method at
Ga <5 ppm is the cause of the diffuseness of Region II11,
Approximately 11 per cent of the 78 iron meteorites studied
had Ga values outside these well—~defined limits,
Region I: includes all hexahedrites, nickel-poor ataxites and coarse
octahedrites within the range 5,3=~7,2 per cent Ni, From 7.2~8.5
"per cent Ni it includes 14 per cent of the medium octahedrites
analyzed (Henbury, Toluca, Goose Lake), Toluca and Goose Lake

had both been found to lie in this Region by Geldherg et al,

Regior II: includes 86 per cent of the medium octahedrites with nickel
contents 7,6 - 10,3 per cent, Two fine octahedrites (approximately
18 per cent of type Of iron meteorites analyzed) lie between

10,2 - 12,4 per cent Ni,
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Region TI¥: includes 25 per cent of all fine octahedrites analyzed,
these lie between 7,8 - 9,1 per cent Ni and 67 per cent of
the nickel~rich ataxites up to the observed limit of 22,4
per cent Ni,
The Cowra (Dl) and Ballinoo (0f) iron meteorites lie within Region
I but have nickel contents greater than 8,5 per cent.
The Sao Juliao (0g), Weekeroo (0b) and Arltunga (anom, ataxite)
iron meteorites lie between Regions I and IX,
The Narraburra and Moonbi (0m-0f), Carlton (0f) and Mt. Magnet
(Dl) iron meteorites lies between Regions II and III,
0f particular interest is the observation that iron meteorites
with nickel contents between 7.6 -~ 8,5 per cent may lie in éither
one of the three levels, Of these iron meteorites, those with Om
structure may lie in Regions I or II and those with 0f structure only
in Region III,
There is a general trend for the Ga content to decreasé as the
nickel content increases,
(ii) Distribution of germanium: Figure 5 suggests a trimedal
distribution of germanium in the metal phase or iron meteorites. A
logarithmic plot of the germanium contents of various structure
classes of iron meteorites against nickel contents (Fig..S)-shows
that germanium countents are concentrated in three diétinct regions,
Only 15 per cent of the iron meteorites studied fall outside these

well—defined limits, The iron meteorites lying in each of these regions

are the same as thosein the corresnonding Ga regions,

Thus we may directlv compare the gallium and germanium contents

of each of the three regions,
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Table 23

Per cent

of iron

meteorites Ge Ga Ni

in Regian ppm Pp®R per cent
Region 1 52,3% 123-410 42--93 5,3 - 8,5
Region TI 33,5% 23-50 15-20 T.6 =12,4
Region III 14% <5 ~1-5 7.8 =>23

Region I: includes all hexahedrites, nickel~poor ataxifes>and coarse

| octahedrites (except the Sao Juliao and Murnpeowie iron
meteorites), The medium octahedrites Goose Lake, Henbury
and Teluca fall in this Region,

Région II: includes all other medium octahedrites and three fine octa-
hedrites (Cuernavaca, Mungindi, Tieraco Creek),

Region III: includes most of the fine octahedrites and all mckel—rich
ataxites (except Cowra), The Sao Juliao (0g) Murnpeowie (og)
Glenormiston (Ob), Weekeroo (Ob), Arltunga (anom afaxite),
and Perryville (anom. ataxite) iron méteorites,lie between
Regions I and II, The Carlton (0f), Ballinoo (O0f) and Cowra (Dl)
iron meteorites lie between Regions II and III.

As with Ga, iron meteorites with nickei contents in the range

7.6 — B,5 per cent may lie in Regions I, ITI or IIXI,

There is an overall tendency for Ge to decrease with increasing

Ni content,

Relation between gallium and germanium:

The following general remarks may be made:
(1) The definition of Regions I, II and III are quite distinct,
Iron meteorites with Ga contents lying within a Region have Ge contents

which correspond to the same Region. Region III is rather diffuse due to



0£9

osp

0cE

§¢c

SuoJt jo 3soyd |Djsw u! (wdd) WNIUDWIAS 0 UoNqIiysIqg

091

Sl

08

86

ot

82

(614

t!

0l

L

*S

Dy

— 0l

- 2i

— ¢

($9sDD 40 'ouy Aduanbauy



500
et < oA =\
© Bw '
o] o I
0 |
© !
& © Py ® Region |
[ ° ° |
I
FAVA
AA'AAA 8 ®
8 2 o - J
100
o} =)
o) ® o
i ®
50+ - —— o ——
lf ®
- ®
| 3 o -
- Region ] I ® % °© °
£t oo o ¢ o>
2 235
|
: e o o T _
5 -
5 [ a—.
‘E 126
5 A—>
© 137
10 - D]
-
51 e = S
l ( .
? |
Region [11 lgz?g
<3S E!,JEE o DO B {658
| (8:2|
2224
" 1 | i | l 1 1 1 | 1 |
52 6 7 8 9 o} K
' Nickel (%)

Fig. 6e Germanium—nickel in metal phase of iron meteorites



53
1the poor senstitivity of the analysis method in this concentration
range,

(2) In Group IIT, the hexahedrites, nickel-poor ataxites and
medium octahedrites tend to have lower Ga-Ge concentrations than do the
coarse octahedrites,

(3) The anomalous Om—-0f iron meteorites (Moonbi, Narrabufra)
have germanium values with;n Region III but their gallium values are
anomalous and lie between Regions II and III,

(4) The anomalous ataxite Perryville was shown by Goldberg
et al, (1953) to lie between gallium Regions I and II, In this work it
was found to have gallium and germanium values between Regions I and II,
The Arltunga iron meteorite has a similar behavior,

(5) The granular octahedrites (0b) lie between Ga—-Ge Regions
I end II,

(iii) Distribution of copner: Figure 7 shows the normal Gaussian
distribution of copper in the metal phase of iron meteoriteé which was
deternmined in this work., The arithmetic mean concentration is 160 ppm.

In Figure 8 the copper content has been plotted agginst the
nickel content, The copper values are rather scattered but there is a
trend of increasing copper with increasing nickel,

The nickel-rich ataxites hawve particularly variable copper contents,
Pinon, Tlacotepec and Tawallah Valley iron meteorites have greater than
50 ppm Cu while Cowra and Mt. Magnet average 180 ppm., The Wedderburn
has the very high value of 580 ppm. It is not clear why this should be so.
(iv) Distribution of chromium: Figure 9 shows the bimodal distribution
of chromium in iron meteorites determined in this work; there is a

large peak at <5 ppm and a smaller one at 49 ppm., The Cr distribution

about this second peak shows a log-normal distribution,
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‘The plot of Cr against Ni (Figure 10) shows no relationship
between these variables., In this regard Cr is exceptional amongst
the elcments studied,

It would seem that at least 60 per cent of the iron meteorites
with <5 ppm chromium had troilite nodules very close to the‘samples
which were analyzed, Only about 13 per cent of those iron meteorites
with Cr >20 ppm contained any troilite nodules, Chromium is an
extremely chalcophile element so that the troilite nodules ﬁay
act as a "sponge" to soak up Cr and thus impoverish the metal phase
surrounding the modules. At the same time it is pessible that
samples with Cr >5 ppm have been contaminated by troilite, (see
page 76),

(v) Distribution of cobalt: Figure 11 shows the normal Gaussian
distribution of cobalt in the metal phase of iron meteorites, The
arithmetic mean value is 0,51 per cent,

A plot of cobalt-nickel contents (Fig, 12) shows a considerable
spread but there is a tendency for cobalt and nickel to increase
together,

Fine octahedrites with less than 0,49 per cent cobalt have
Ga—Ge contents in Region III while those with greater than 0,49
per cent cobalt have Region 1II,

C. Trace-~Element Distribution in the Troilite and Schreibersite Phases,

With regard to troilite, the distribution of the elements will be
discussed relative to the nickel content. Nickel is the next most abund-
ant element after iron.but is more sensitive to variation, The

elements helong to one of two groups:
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-(i) those elements which increase as the nickel content
increases, and (ii) those elements which decrease as the nickel
content increases, Zinc is exceptional and remains more oxr less
constant with respect to increasing nickel content,

'(i) Elements increasing with increasing nickel content
of troilite,

Cobalt: Figure 13 demonstrates the similar behavior of cobalt and
niqkel. |
Germanium: The behavior of germanium is much less striking (Fig.
14) but there does seem to be a general trend of increasing
germanium with incfeasing nickel,

(ii) Elements decreasing with increasing nickel content of
troilite,
Mangancse: Manganese shows a definite decrease as the nickel
content increases (Fig. 15).
Chromium: The manganese~chromium relationships are shown.in Tigure
16, The points are rather scattered but there is a definite
tendency for the manganese and chromium contents to vary in the same
way. Thus chromium decreases as nickel increases.
Vanadium: Figure 17 describes manganese-vanadiunm relgtiqnships. The
points are rather scattered but there is a definite tendency for the
manganese and vanadium contents to vary in the same way., Vanadium
contents decrease as nickel content increases,
Coprer: Copner (Fig, 18) displays a less obvious tendency to increase
as the nickel content decreases,

Tins 1Is similar to ceppner inasmuch as it shows a poorly marked

increase as nickel decreases (Fig. 19),
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(iii) Other elements
Lead: Lead is not present in concentrations greater than the sensitivity
of anproximately 5 ppm.
Zinc: The zinc content remains remarkably constant with change in
nickel content,

(iv) Terrestrial troilite: Eakle (1922) briefly described
the.only khown terrestrial eccurrence of troilite whichreplaces
magnetite in a serpentine in Del Norte County, California. The
identification was based on the analysis, { Fe: 62,70 per cent,

S: 35-40 per cent)which has a Fe/S ratio very similar to fhat of
meteoritic troilite. The samwple was non-magnetic and soluble in
sulfuriec acid whereas pyrrhotite is both magnetic and insoiuble in
sulfuric acid. In ap unpublished work, L,T. Silver and G. Neuerburg
have indicated that structure studies using X-ray analysis indicate that
the Del Norte material and meteoritic troilite are identical,

The trace element content is very similar to meteoritic troilite
and in particular resembles a troilite from‘a cdarse octahedrite.

Fryklund and Harner (1955) have analyzed some terrestrial
.pyrrhotites and found very much smaller Co, Ni, Cu contents than were
found in the Del Norte troilite,

Ni: 26-2560 ppm

Co: 10-90 ppm

Cu: 56-340 ppm

With regard to schreihersite, the behavior of the elements in this
phase has been included in the graphs describing their behavior in the
sulfide phase (see Figs. 13-19), It is observed that similar trends

are shown in both phases,
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2, STONY-IRON METEORITES
A, Structure, Nickel Distributien, and Trace-element
Distributior in the Metal Phase.

(i) Structure: Unlike the iron meteorites, little has been
published on the structure of the metal phase of stony-iron meteorites.
Perry (1944)did not describe their structure but mentioned that
those étony—iron meteorites which he examined showed structures in the
metal.phase similar to those of iron meteorites of similar.niékel
composition,

A number of etched, polished surfaces of stony-iron meteorites
have shown that depending on the size of the metal &reas,‘the structure
varies considerably,

Small areas: It was not possible to determine the critical size when
small area structures becawe large area structures, but there is almost
certainly a continuous gradation between them, The small area
structures are certainly the most abundant_(see Fig, 20a), They are
characterized by a zenal arfangement of metal ﬁhases: |
(1) orey border zone of kamacite
(2) very thin>zone of silvery-white taenite
(3) dark grey core of dense plessite, In some of the larger grains,
small kamacite hands with taenite borders cross the plessite,
occagionally shewing an approach to an octahedral orientation,

This is the general arrangement described by Ninninser (1932)
in the Springwater pallasite. Merrill (1902) also observed these
three zones hut identified them as:

(1) broad, white outer hand of kamacite

(2) +thin schreibersite plates,
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(3) inner dark zone probably spongy kamacite with lawrencite or
troilite or nearly pure iron,
Larpe areas: Some stony-iron meteorites contain areas in which the
metal phase comprises most of the wmass, In some cases (e.o. Brenham
and Glorieta Mountain pallasites) thev may actnally srade into iron
meteorites, The characteristic structure of these 13rger'mcta11ic
a}eas ié (Fig. 20B):
(1) border zone of kamacite
(2) wusually a thin taenite sheet
(3) major central zone showing normal Widmanstaften structure of
Famacite bands with thin taenite borders and associated
with dark nlessite,

Invariably measurements of mean apparent band widths are within
the range of Om iron meteorites,

It would avpear then, that the structure of the metal phase is at
least partly a function of the size of the metal areas, The cooling
historyv of the metal phase may be examinca in the light of Uhlig's
(1954) gtudies on the origin of the varions phases of iron me£eorites.

(1) It is well knewn that the Y—a phase tramformation begins
at the grain boundaries; this accounts for the kamacite border
around the metal phase, Untransformed taenite forms the céntre of
each small grain, Because of the large diffusion distances within the
large grains, the transformation was much slower, and gsufficient time
was available for the transformaticn of the centre to proceed further
and form the Widmanstatten pattern,

(2) Assuming a sudden change to low pressure conditions, the

kamacite remains stable but the centre portion of taenite is unstable

(being now in @ + ¥ region) and transforms to acicular Gy phase, If
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there is an increased nickel gradient from the centre to the margin
of thé taenite, only the centre portions will transform,

(3) If thig transformation takes place at room temperature or
above, the metastable acicular Gy rhase will decompose intoc plessite
leaving the untransformed taenite as a rim,

A similar mechanism of preferential Y-—a transformatioﬂ
at grain interfaces may explain some cases of the prééence
(and absence) of swathing kamacite about troilite inclusions in
iron meteorites. Perry (1944) has suggested that swathing
kamacite is iron rejected from the FeS structure during cooling
and shrinking of the sulfide phase, This does ﬁot explain the
occasional occurrence of thick kamacite masses swathing thin
troilite plates found in some octahedrites, It also does ﬁot
explain why some small troilite inclusions do not show swathing
kamacite rims, It is suggested that the presence of swathing
kamacite may be an indication of the g-transformation beginning
at interfaces with foreign phases, The absence of this structure
around small troilites may be merely a feflection of.the insiguificant
effects of their small gsurface areas in initiating the transformation,

(ii) Nickel Distribution: The nickel content of
the metal phase is essentially constant and does not depart more
than'i 11 per cent from the mearn of 11.06 per cent nickel,

(iii) Trace—element DPistribution: The concentrations
of the various trace~elements are essentially constant from sample
to sample, The Ga, Cu, Cr and Co values vary only within the spread
of the analysis method, Germanium is more variable but if the Ge

contents of three of the more variable pallasites (Brenham, Glorieta



Figure 203 Structure of metal phase of pallasites,

a, Structure of small metal phase areas in Springwater
' pallasite, x3% .

K : kamacite 0 : olivine
T : taenite Tr: troilite
P : dense plessite 8 : schreibersite

(dark circular areas in metal are gample drill holss)

b. Structure of large metal phase areas in Newport
pallasite, x3% _ '
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_mountain, and Pinnaroo) are eliminated from the mean, the
agreement is complete.

The Ga~Ge concentrations all fall within Region II of the iron
meteorites,

B. Macro—and Trace—element Distribution in the 0livine Phase,

0livine is the only silicate recorded from pallas%tes. Typically
thé coloriess, pale greenish to p#le yellow (often gem gquality) olivine
occurs as rounded graing set in a metal motrix., Single crystals and
aggrégates may occur, Some pallasites have eubedral and others
somewhat angular grains., Internal fractures are common dnd are
often filled with magnetite, Merrill (1902) reported a well defined
and regular pinacoidal cleavage which, on basal sections; resembles
the prismatic cleavage of enstatite,

Optical characteristics of olivines from two pallasites have

been determined:

Table 24
X Y / ov
Admire olivine 1,652 1,671 1,676 91°
Springwater olivine 1.654 1,675 1.682 91°

They are essentially identical and correspoﬁd to a chrysotile
tvpe olivine with the composition F082Fa18 from the 2 Vx vaiues (see
Winchell 1951),

From both the macro and trace—element analyses it is seen that

the olivines from different pallasites are remarkably constant in

conposition,
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C. Trace~element Distribution in the Troilite Phase,

Bronze—colourea troilite, often associated with schreibersite
(see Fig. 20a and 20b) and magnetite, generally occurs between the
silicate and metal phases,

Trace element analyses of troilite from two pallasites indicate
a remarkable similarity in compositien, TFrom Figs, 13-19 it i§ seen
th#t the hickel—trace element relationship in pallasitie troilite
is very similar to that in an iron meteorite of the strnctﬁre of a
mediﬁm octahedrite, It is probably significant that when the structure
of the metal phase of a stony-iron meteorite is sufficiently developed,
it is similar to that of a medium octahedrite,

3., NEWV MEAN ABUNDANCES OF ELEMENTS IN VARIOUS PHASES OF IRON AND STONY-
IRON METEORITES.
A. Abundance Data

From the data accumulated in the present study some general
conclusions may be drawn on the mean abundqnces of certain eiements
in meteorite phases (Table 25) .

Afithmetic means are given except in the following cases:-—
Chromjum: The derivation of the mean abundance of chromium.in the metal
phase deserves some comment, Two points of view ﬁay be taken:

(1) The distribution histogram (Fig. 9) suggests a bimodal
distribution with a large numher of iron meteorites (41 per cent)
containing <5 ppm and the rest (59 per cent) show a log—normal distribution
ahout 49 ppm. The arithmetic mean of values >5 ppm is 70 ppm, but the
mean derived from the distribution histogram is probably more significant,
since the increased absolute error in the highér concentrations is

compensated by using the logarithmic plot., It is of interest to note
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'%fhat the arithmetic mean of all analyses (using 5 ppm for all values
<5 ppm) is 43 ppnm,
It has been observed thatyabout 60 per cent of iron meteorites
containing <5 ppm Cr had troilite inclusions in the fragments
;ampled. The metal phase in the neighborhood of troilite may have been
impoﬁerbhed in Cr due.to the scavenging effect of the sulfide, 1In
view of this, the mean of the values >5 ppm is suggested as the mean
abundance in the metal phase of iron meteorites,
(2) There is the other point of view, that the mean Cr content of
the metal phase is represented by a value <5 ppm and that the values
?5 ppm are due to varving amounts of troilite contamination., Such
contarination can be extremely difficult to control and in samples
containing greater than 100 ppm of chromium was in all lilelihood present,
At the present stage of our knowledre it does not seem possibhle
to rule out either one of these cases,

Gallium and germanium: From the trimodal frequency distribution of

gallium and germanium, in the metal phase of iron meteorites (Figs,
3 and 5) it can be seen that an arithmetic mean of the concentrations,
would give a poor representation of the actual abundance of these
elements, As the various levels of gallium and germanium concentration
gshow some relation to the structure type of the meteorite, it seems
a fair assumption that a close approximation to the actual abundances
of these elements may be given by weighting the mean gallium -germanium
concentrations in the various structure types according to the relative
abundance of the structure types,

Figures have been given for the observed number freoguency abundances
of the various structure types (Tabie 1), Using these figures, with

the mean gallium and germanium contents of the various structure types,
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Table 25

Abundances of elements in various phases of irvon and stony-iron meteorites

Metal Phase “Suifide Phase Phosphide nhase  Silicate(0livine)
) i hﬁdowwwdmv ﬁmor%mwvm%mw&mv rhese
Iren Stony-iron Iron Stony-iron Iron Stony~iron
Element meteorites meteorites meteorites meteorites metecrites meteorites
Magnesiunm Awq ——— - ~0,003 - — 27.8
Titanium {ppm) <1 <1 ~2 — —-— 25
Vanadium (ppm) <1 <1 00 10 6 15
Chromium (ppm) »m.w ¢5 >1% 1100 110 150
& H- .
Manganese (ppm) ~1 <5 220 310 <5 1900
Iron (%) 90,04 88,5 63,6 63,6 ~64,4 9,3
Cobalt (%) 0,51 0,55 0,18 0,0155 0,27 35
Nickel (%) 8,45 11,06  >1% 0,21 ~23% 250 ppm
Copper (ppm) 160 260 660 600 140 4
Zine (ppm) T <100 <100 455 455 500 «100
Gallivm (ppm) ~978 19 0.35% - - <2
Germanium (ppm) ~90% 40 14 6 9 <20
Tin (ppm) <5 <5 <170 <30 <30 <10
Lead {ppm) ~ 0,372 _ ~15% _— <5 <10



FOOTNOTES TO Table 25.

2 Mean derived from second maximum in Figure 9 (see text),

L Mean derived from first maximum in Figure 9 (sce text),

£ Mean weighted according to abundances of various structure iypes
~of iron meteorites (see text).

& Mean derived from data of Goldberg et al. (1951),

e

=< Mean derived from data of Patterson et al., (1955),
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a conposite value for the mean cenrcentration, over all iron meteorites

is given (Table 26),

From Table 25, the similarity, in composition, of the metal
phase of both iron and stony-iron meteorites can be generally observed,
The nickel (and iron) values vary to a certain degree, but, in
determining the mean nickel contents of iron meteorites, no account
was taken of the effect of the great variation in nickel concentration
of iron méteofites (i.e. for 5.5 to approximately 62 ver cent),

The chromivm values agree if the mean concentration in iren
meteﬁrites is actually <5 ppm,

4, NEW DATA ON THE GROCHEMICAL BEHAVIOR OF CERTAIN ELEMENTS.

In 1937 Goldschmidt first used the terms siderophile, chalcophile
and lithophile tc designate the preference showr by an elément to
enter either the metalliec, sulfide or silicate phases, A classification
of the elements according to these designations was based on the
observed behavior of the elements, in distributing themselves between
the molten iron and silicate blast furnace products, and between
various phases of meteorites, The data on ﬁetebrites mainly consisted
of a few analyses of gquestionable accuracy of iron meteorites,
troilite from hoth stony and iron meteorites and the silicate portion
of stony meteorites,

It seems unlikely that the phases in the stony meteorités were in
equilibrium with regard to the distribution of the trace elements,
since it now appears that the stomny (chondritic) metcorites are
consolidated aggregates of fragments of the various phases which,
have been derived from a number of sources,

On the other hand there does not seem to be any reason to doubt

that trace element distributions in the metal, silicate and sulfide
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Table 26
Structure Observed Mean Mean
Type Abundances Gallium Germanium
(from Table 1) (ppm) (ppm)

Hexahedrites and _
nickel-poor ataxites 14% 50 160
Coarse
Octahedrites 23% 70 300
Medium

Octahedrites 39% 16 35
Fine Octahedrites 17% a ~5
Nickel-rich

ataxites % 2 ~2
Weighted Mean value

(iron meteorites) ~27 ~90
Arithmetic Mean value

(stony-iron meteorites) 19 40
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phases of the stony-iron meteorites reflect equilibrium conditions,
The data in Table 27 indicate the trace—element distributions between
"these phages in pallasites and present a mnew interpretation of the
geochemical behavior of certain elements, The latest classification
given by Goldschmidt (1954) and the new classifications are compared
in Table 27, Differences are apparent in the relative claésifications

of vanadium, manganese, cobalt, nickel, zine and gallium.
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Trace elements distribution between metal-sulfide-silicate phases

Table 27

of some elements,

of pallasites and the geochemical character

Geochemical Geochemical
Mass . Character Character’
Number Element Metal Troilite . _0livine __ (This Work) (Goldschmidt (1954)
12 Magnesium per cent - ~ 0,003 27, 8 L>C>*S L
22 T itanium ppm <1 ~9 25 L>C>S L,(c)
23 Vanadium ppm <1 10 : 15 L>C>8 ¢,L,C
24 Chromium ppm <5 1100 | 150 C>L>S c,L
25 Mangarese pom <8 310 1900 L>C»3 c,L
26 Iron per cent 88,5 63,6 9,3 $*C7L S,C
27  Cobalt per cent 0.55 155 35 S®»C>L s, ((1))
28 Nickel peor cent 11,0 0.21 0.025 S$>C>L s,((L))
29 Copper ppm 200 600 4 C?S»L c
30 Zinc ppm <100 460 100 crs(L) ¢, (L)
31  Gallium ppm 19 ~ 0.4 2 s> ¢(L) ¢, (L)
32 Germanium ppm 40 6 <20 37C?L )
50  Tin ppm <100 <30 <10 —_— s, (L)
83  Lead ppm ~ 0,372 ~15% <10 ¢» $(L) c,(s)
L = lithophile >: factor <10 c> (c)> ((c))
C = chalcophile >>: factor ~10
3 = siderophile

|®

From iron meteorite

rhases (Patterson et al, 1955),
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