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Physical and petrologic properties of ordinary chondrites and
their taxonomic parameters
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Guangzhou 510640, China)

Abstract: The physical and petrologic properties of the different chondrite groups, including mean size of the
chondrules, proportions of the chondrule textural types, proportions of compound chondrule, the proportions of
chondrules with igneous rims, and the proportions of chondrules that contain sulfide, chemical compositions and
mineral features derived from the early solar nebula are used to classify chemical-petrologic types and asteroids.
These properties provided useful taxonomic parameters for different chondrite group (EH, EL, H, L, LL, R, CV,
CK, CR, CM, CO) and the information of their formation environment in which chondrules formed. There is
correlation between A'’O and heliocentric distance for these chondrite groups. Thus, different chondrite groups
may be put in the order of EH-EL, OC (H, L, LL), R, CR, CV-CK, CM-CO, with increasing heliocentric formation
distance, based on the amount of dust present where they formed and A'’O values of different chondrite groups.
We infer that continual chemical fractionation occurred in the early solar system.
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Table 1 Mean chemical compositions of Antarctic chondrites
(%) LL L H C E
Si0, 39.30 38.67 35.16 33.66
TiO, 0.11 0.10 0.08 0.15 0.10
ALO; 2.63 2.45 2.29 2.84 2.48
Fe,0; 1.02 0.75 3.25 6.08 1.33
(Fe) 0.71 0.52 2.27 4.25 0.93
FeO 18.31 14.75 10.67 16.49 6.86
(Fe) 14.22 11.47 8.29 12.81 5.33
MnO 0.32 0.32 0.28 0.23 0.27
MgO 25.62 25.31 23.61 22.15 18.20
Ca0 1.82 1.79 1.62 2.04 1.15
Na,0 0.92 0.87 0.74 0.37 0.69
K,0 0.11 0.09 0.08 0.05 0.06
H,0(-) 0.18 0.09 0.22 2.04 0.96
H,O(+) 0.53 0.30 0.87 6.88 4.13
P,0s 0.26 0.26 0.23 0.26 0.31
Cr,05 0.49 0.49 0.42 0.47 0.38
FeS 5.96 6.47 5.92 7.44 13.93
(Fe) 3.79 4.11 3.76 4.73 8.85
Fe 1.88 6.33 13.40 3.01 13.86
Fe 20.60 224 27.7 24.80 28.97
Yanai et al”! FeO FeS  Fe,05  Fe : Fe(FeO) = FeOx0.7773(Fe/FeO, );

Fe(Fe,03)=Fe,03%0.69943; Fe(FeS)=FeSx0.63527;

Fe Fe0O3 FeO  FeS

Fe
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Table 2 Mean contents of the Fe, Co, Ni and metal Fe of whole rocks
for ordinary chondrites( H, L, LL4-6) by INNA
- Fc(mg/g) Co (ug/g) Ni(mg/g) Fe (%) 3 ;
H3 (2) 271 832 16.7
H4 (4) 269 844 16.2 Fa(%) Ni Co ;
HS5 (8) 274 825 16.4 ( Fa )
H6 (8) 271 831 163
H(22) 271 (277) 831 163 (a0 ) ) Mg Fe
H Fe 13.40 s Fa
H/L3 (2) 243.5 728.5 14.45 A0 ( 170,160
S . wosvo wmeto
L5(3) 216 622 12.1 > 5170
L6 (8) 216 600 12.3 580 (SMOW)
L (20) 216 (224) 600 12.3 ( 4) (H L LL)
L Fe 6.33
L/LL4 (2) 205.5 583.5 11.6 /
L/LL5 (2) 199 513 10.9 > R
L/LL6 (1) 222 628 12,1 , OC(H 0.73%o, L
M) 183 169 100 1.08%o, LL 1.26%), R A0
LL4 (3) 193 539 10.7 ( 5 9%0) oC [10]
LL5 (4) 183 513 10.5 ) ’
LL6 (5) 185 489 10.1
LL (17) 185 (206) 489 10.1 - s
LL Fe [6]1.88 Fa 3%~6%[4];
fe Co N re(reo A0 0.3%0~0.5%0*",
Fe;0; FeS  Fe) (100 km )
F3 LEIRKMRAPFIRREUER. Fafl A0 REEHEF Ni. Co B E
Table 3 Mean values of apparent chondrule diameter, olivine Fa, and A”O, and the concentration of Ni, Co in ordinary chondrites
) Fa A0 (%) _
(um) (%) Ni (%) Co (%)
H4-6 300 18.8 0.73 H 8~10 (n=80) 0.40~0.55(n =80)
L4-6 500 24.7 1.07 L 12~18 (n =80) 0.6~0.8(n =80)
LL4-6 570 29.4 1.26 LL 20~50 0.9~2.5
(7] A0 =46"0 0.52x5"0
Fa4 TBEENBRAMTEHERMEAR
Table 4 Mean oxygen composition of ordinary chondrites
- 680 (%) 570 (%) A0 (%o) Fa (%)
H4 4.13+£0.24 2.88+0.13 0.74+0.09 18.3
HS 4.11£0.25 2.87+0.18 0.73£0.11 18.6
H6 3.97+0.16 2.79+0.12 0.7240.05 19.4
L4 4.79+0.34 3.55+0.20 1.06+0.07 24.0
L5 4.75+0.18 3.57+0.09 1.10+0.07 24.7
L6 4.60+0.19 3.46+0.11 1.06£0.11 25.1
LL4 5.25+0.25 4.01+0.11 1.28+0.09 28.5
LL 5.02+0.21 3.90+0.22 1.2940.12 29.5
LL6 4.92+0.24 2.79+0.11 1.23+0.13 29.7

Clayton et al.'™

Rubin et al.l”!
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Table 5 The average chondrule size and abundance of chondrule textures in different chondrite groups
Fe,Ni
- (CAI RP 17
((%, ) i (%,( ) . © (%, (%, ?%oc))
) (um) ) ) (%, ) (%) (um) (%) ) )
CV3 3.0 910 45 0.2 0.1 50% 400 1.6 35 0~5 —4.2
CK3 1 870 15 0 0 32% 190 5 50 <0.01  —4.6
CR2 0.6 700 50~60 0.3 0.4 26% 270 1.4 42 5~8 -1.0
CM2 12 270 20 0.6 1 0.1% 60 0.2 60 0.1 -5.2
CO3 1.0 150 40 2 1 0.1% 30 0.1 34 1~5 -4.7
CH3 20 70 RP+C=85 0% - 0 - 20
H,<0.1 300 60~80 3 4 10% 160 0.2 12 8 (H) 0.7
L,<0.1 400 3(L) 1.1
(0C3)  LL<0.1 570 L5(LL) 13
R3 <0.1 400 >40 0.4+0.4 1.2+0.8 0.8% 120 0.4 35 <0.1 2.9
EL3 <0.1 550 60~80 6 7 0.3% 30 0.3 10 8 0.0
EH3 <0.1 220 60~80 13 5 0.2% 30 =02 8 15 0.0
CBa <0.1 5 mm 40 5 60
CBb <0.1 30 <5 70
K 20~30 70 6~9
Rubin!'"! -1 : CK3(NWA 1559)-0/15(0%); CR2(LAP 02342)-1/29(3%);
CV3(Vigarano)-9/19(47%); CM2.6(QUE 97990)-20/63(32%);CM2.5(Kivesvaara)-28/84(31%); CM2.3(QUE 99355)-4/44(9%); CO3.6 (Moss)-
28/32(88%); R3(PRE 95411)-19/23(83%); EL3(MAC 88136)-47/47(100%) 2°Al-**Mg ,0C CO
PAIPAL 0.48x107°~2.28x107°  0.24x107°~1.03x107, CAI 1~3 Ma ; CR
ZAIPAL (<0.3%107), 100 Mal'>~'¢
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Fig.1 Correlation between the mean plagioclase composition of
equilibrated members of different chondrite groups and the average
chondrule diameter of unequilibrated members of the same chondrite

groups
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Fig.2 Ani-correlation between the modal abundance of radial
pyroxene (RP) plus crytocrystalline(C) chondrules and matrix
material for different chondrite groups

-

Z
-
_ =
=z
T
= ’|=
o o
iy £
Z 2
20 E
os

M oo EH H-L-LL R CRCV C

T8 EL CK _CO

5 |CAls (%): <0.1 <0.1 <0.1 0.6 03 1.2

= 1.0 1.0

ATO (%0): 0 0.7~1.3 29 -1.0-42 -52

4.6 -4.7

HERPHEE B HE R T 1] e

Increasing distance from Sun

[10]

>

Fig.3 Diagram illustrating the inferred relative distribution
of the amount of nebular dust varying with radial distance from
the Sun during the epoch of chondrule formation.

The different chondrite groups are shown with their
inferred formation location

CAIs (%, ) A"0(%): EH EL(CAIs
<0.1, A0 0.0); H L LL (CAIs <0.1, A'0 0.7~1.3); R (CAIs <0.1,
A0 2.9); CR(CAIs 0.6, A0 -1.0); CV(CAIs 3.0, A0 —4.2);
CK(CAIs 1.0, A0 —4.6); CM(CAIs 1.2, A0 —5.2); CO(CAIs 1.0,

A0 -4.7) , A0 0.0%o ~
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70 Fz6 MAMNBMEMER
. KA Table 6 Shock stages in meteorites!*’)
(Mercury)
B AT(K
60 (stage) (GPa) ) ( ) (%)
S1 <4~5 10~20 257(11.6%) 13.7%75
S0 S2 5~10 20~50 753(34.0%) 9.945.4
g S3 15~20 100~150 770(34.8%) 8.243.2
= 40 _@ S4 30~35  250~350  286(12.9%)  6.22:4.0
8 R S5 45-55  600~850 94(4.2%) 6.423.0
s Earth
2 (Earth) S6 70~90  1500~1750 55(2.5%) 6.63.5
2@
= 4 h S ) 11432 ( 5-6 ) : S17%;
& (Venus) @iMa"-‘*‘SNCk’!?“ﬁﬁ ) o $2 30%; S3 40%; S4 15%; S5 5%; 6 3%
20 |- A Al ”I-r':l"l)!’{]-
® ORI .
@ i s F7 LBIKRIRA T REN R
esta-eucrites o e -
0k MEBRE 3-6 REHES
@ Table 7 Mean shock stage of ordinary chondrites increases
J1ER systematically from type 3 to type 6
(Moon) ’
ol L ' ' ( )
0 10 20 30 40 50
S 3 $=2.76=1.25 (n=17)
FeO/(FeO+MgO) FE /R4 (%)
4 $=2.8520.67 (n =33)
4 (Ca Al Ti Mg Si Fe) 5 S=3.112£0.92 (n =54) 1 S6
; : FeO ; 6 S=3.5%1.10 (n =56) 4 $6
21
( Lodder K¢ ]) Rubin 126]
Fig.4 The rock planets are similar in composition to chondrites for the
more refractory elements(Ca, Al, Ti, Mg, Si, Fe); oxidation state varies:
silicate FeO up, metal content down s
(Chondrite group): EH EL CH CR H L LL R 28
CO CV CM (I (Earth); (Moon); (Mercury); ’ ’
(Venus); (Mars, SNC ); - (AU) 5 ,
(Vesta- eucrites) 40K 232Th 235U 238U
1500 km ;
Cu Fe-Ni s /
2Al(1,=0.72 M
- ) (t12=0. a)
/ Fe(t,,=1.5 Ma) T
Ca [25]
4-6 Mg
, S3-6 (271, ( ) 2A1
, , Al
397 40A L ’ 2641
, MIL 99301(LL6, S1) 426 Ga , (281,
, 4.44~4 45 (291 ,20A1
Ga s 5 (
25 26
(23] , 1 )s Al ,
(vugs) (agglutinates) -
3-6
, (1 ) ,
( 7)[25] .
b
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Fig.5 Cloudy taenite particle size in 12 H3-6 chondrites as )
function of petrologic type!*”
1.4.4 HFA LR B A
,H L LL (3) FeO ,
b
b
x8 3NEER FeO)Ry H B L B IR PR A RYLE Y
Table 8 Compositions of three reduced (low FeO) H ordinary chondrites
- cl (Rh, Ir, Mo,
Fa (%) (A'0)
Pt, Co, Pd) (mg) pCT
Burnwell 15.8 0.51%0=20.02%0 1.9540.28 (2165 mg)
Femetals 9.25%;
FeS, 1.59%
LAP 04757 FeO 0.8%o 1.9640.30 (327 mg)
Femetals 7.05%;
FeS, 2.87%
EET 96031 FeO 0.8%o 2.05%+0.70 (201 mg)
Femetals 7.43%;
FeS, 6.35%
H 17.3~20.2 H 1.940.33 Femeal, (7.20.7)%;
FeS, (4.020.3)%
L 1.35+0.10
LL 0.94=40.08
Troiano et al. 138] s , uCT = micro-computed
X

tomography methods,
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