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Abstract There is a contradiction when categorizing some ordinary chondrites (OCs) from Grove Mountains ( GRV), Antarctica,
according to Wlotzka’ s criteria. That is only a minor of metal and troilite ( less than 20% ) were replaced by oxide while silicates being
partly weathered, especially along cracks. The weathering degree of these OCs are all W1 if categorized by the oxidation of metal and
troilite; however, they should be W5 by the weathering degree of silicates. Therefore, we propose new criteria to categorize the
weathering degree of these OCs, in which the weathering degree of metal and silicates are categorized into 5 and 4 progressive stages
(they are W 0, W 1, W 2, W_3 and W _4 for metal and W0, W 1, W2 and W 3 for silicates), respectively. Consequently,
meteorites GRV 021588, GRV 021636, GRV 021772 and GRV 021957 which can’t fit Wlotzka’ s criteria are all W _1-W 1.
Furthermore, GRV 023312 is W_3-W 0 type, which is the same with W3 in Wlotzka’s criteria.

Key words Ordinary chondrite; Weathering degree; Weathering; Alteration; Antarctica
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Table 1 Petrological characteristics of the 5 Grove Mountains ordinary chondrites

s Gl BERgTR oo R i BOBEGTFa ITESKEC Bs  TESEELT Wo
i1 44 e , ERRLFE B el ik PR . &
(vol% ) (vol% ) A 2R (mol% ) (mol% ) (mol% )

GRV 021588 1.2 2.2 16 S5 26. 8 22.4 1.6
GRV 021636 0.9 3.5 L6 S5 25.9 22.6 1.6
GRV 021772 1.1 3.9 16 S5 26. 1 22. 1 1.6
GRV 021957 1.2 3.6 1 L6 S5 26. 8 929. 1 1.7
GRV 023312 0.6 4.3 15 S3 26.3 92.9 1.4

K1 s }\Ill I ERORE P A ) I )

(a) GRV 021588(L6) 14 I (L 4t % A ’Mt-(h GRV 021588 {14 (2 Fr i WA el 3 7 i, SR (245 0 BRI (¢) GRY
021772(16) m Z)'ﬁ" ﬁ R Y ru :»ﬂ Bl & A RO RN, AR U R R A T R (d) GRV 021772 1 1E ‘UHH‘ A
{1 HH R R R m.m) GRV 023312 ( L5) (35 AU PR (BSE) 3% B A7 v 42 ) JL T 43 KL s ik i, 48 k0T Ik & & 5 () GRV
023312 Y1k ,\,Ul(’ (O A AR R LR 0% . Mask-B5 447, Tro-Bai 2k , FeNi-4 @, Lim-# 4k, 18 a ¢ F1 e R O30 M ikER L.
a il ¢ BN ROGHR) h d 1 LS Ok 1k 58 YR A

Fig. 1 erngruphs of ordinary chondrites from Grove Mountains, Antarctica

(a) ordinary chondrite GRV 021588 (16) , minor oxide rims around metal, the dark lines are a series of microcracks; (b) silicates in GRV 021588
were severely fractured; (¢) ordinary chondrite GRV 021772 (L6) , the minor oxide rims around metal, the dark lines are a series of microcracks;
(d) silicates in GRV 021772 were fractured; (e) heavy oxidation of metal in GRV 023312 (L5), about 90% being replaced; () undulatory

extinction of olivine and pyroxene in GRV 023312, no alteration of silicates. Mask-maskelynite; Tro-troilite; FeNi-metal; Lim-limonite; the gray

portion of (a), (b) and (c¢) are silicate minerals. (a) and (c¢) are all reflectance photographs. (b), (d) and (f) are all crossed polarized

photographs
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Table 2 Representative electron microprobe analyses of olivine and Low-Ca pyroxene of the 5 GRV ordinary chondrites (wt% )

v Y Si0, Al, Oy Cry 0y Mn0O Mg0 Ca0 Total Fa/Fs
ol 37.8+0.5 0.02:0.06 0.21 £0.53 23.7£0.3 0.41+0.01 36.3 0.5 0.0l £0.01 98.4:0.6 26.8+0.4

GRV 021588
pyx 55.6£0.3 0.14+£0.02 0.11 £0.01 14.3+0.1 0.44x0.03 27.2+0.3 0.79+0.08 98.5+0.4 22.4+0.3
ol 38.3+0.3 b. d. 0.01 +0.01 23.020.4 0.45+0.02 36.9+0.3 b.d. 98.7+0.7 25.9+0.4

GRYV 021636
pyx  55.120.4 0.05+0.06 0.17+0.09 14.520.5 0.46+0.05 27.4+0.4 0.81+0.19 98.420.9 22.6:0.6
ol 37.8+0.6 0.01+0.01 0.01+0.01 23.30.2 0.4420.03 37.0x0.5 0.01 £0.01 98.6+0.9 26.1x0.4

GRV 021772
pyx  55.3+0.8 0.04+0.05 0.14+0.03 14.3+0.4 0.46+0.03 27.7+0.4 0.80+0.16 98.7+1.0 22.1x0.6
ol 37.9:0.8 b. d. 0.03+0.03 23.8+0.9 0.42+0.02 36.3+0.6 0.01+0.01 98.5:+1.0 26.8+1.0

GRV 021957
pyx  56.5+0.5 0.05+0.05 0.13+0.03 14.4£0.5 0.45+0.01 27.8+0.3 0.840.13 100.1+0.8 22.1+0.6
ol 39.020.4 0.05+0.10 0.032£0.01 23.6+0.4 0.42:0.02 37.0+0.7 0.01 +0.01 100.0+0.8 26.3 +0.7

GRV 023312
pyx 571203 0.16+0.09 0.160.12 15.020.1 0.44+0.02 27.7+0.6 0.69+0.20 101.220.7 22.9 0.3

b d RBET IR of RRMME oy ARKGHER

28(°)

B2 GRV 021636 Bif B dh X SHENMTAHER
Mon-ZERi 40 :ill-RHIf . RARIEMG A H T Y, mMsa %
6 KA BsgineEE

Fig. 2 X-ray powder diffraction patterns of GRV 021636

Mon-montmorillonite; ill-illite. The unlabeled peaks in figure are
other minerals, such as olivine, pyroxene, feldspar, troilite,
metal, etc.
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Table 3 The weathering degree classification of ordinary chondrites

Acta Petrologica Sinica £ %%k 2016, 32(1)

SRBILY
ERABRE ooy,  ERRRAS e
TR SRAGAY MIVMIRRL g —s0% PRI, o ey
%ﬁ'ffh ﬁl,aﬁ@‘ﬁ iﬁ-@jﬁﬁﬂ[ﬁ] 60% NQS%H ( >9;% )
(W,0) ALY “W.2) AR (W,4)
B (W,1) " (Wad) )
TRREHE(W,0) W.0-W,0 W,1-W,0 Wa2-W.0 Wad-W.0 Vut W0
REMEBRAA WA (W, 1) Wo0-W,1 Wal-W,1 Wa2-W,1 Wad W1 Vnd- Wl
BB LT I REILY
KBER(W,2) W,0-W,2 W, 1-W,2 W,2-W,2 Wa3-W.2 Wad-W,2

B TH m KRR ,s RERE

Bigt mRBRAsS P ERBET PO A ER
s B B BB A5k B BB 5 T A BY 5 [ i
FEMEROREERATT KERERALRENRZER]
BIRFEL R AL 72 8 B B Jo R R A BT R LI 3R
B,

References

Bland PA, Berry FJ and Pillinger CT. 1995. Weathering of ordinary
chondrites from Algeria and Australia as a climatic indjcator.
Meteoritics, 30(5) : 487

Buchwald VF and Clarke Jr RS. 1989. Corrosion of Fe-Ni alloys by Cl-
containing akaganéite ( 3-FeOOH) : The Antarctic meteorite case.
Am. Mineral. , 74(5-6) : 656 - 667

Hybler J, Petfiéek V, Durovié S and Smréok L. 2000. Refinement of the
crystal structure of cronstedtite-1T. Clays Clay Miner. , 48(3): 331
-338

Lee MR, Bland PA and Graham G. 2003. Preparation of TEM samples by
focused ion beam (FIB) techniques: Applications to the study of
clays and phyllosilicates in meteorites. Mineral. Mag. , 67(3) : 581
-592

Lee MR and Bland PA. 2004. Mechanisms of weathering of meteorites
recovered from hot and cold deserts and the formation of
phyllosilicates. Geochimica et Cosmochimica Acta, 68 (4): 893
-916

Li SJ, Wang SJ, Liu S, Li XY, Tang H, Li P and Wang T. 2008. The
classification of 100 Grove Mountains ordinary meteorites. Chinese
Journal of Polar Research, 20(2): 177 - 188 (in Chinese with
English abstract)

Liu JZ, Zou YL, Li CL, Xu L and Ouyang ZY. 2002. Meteorite
characteristics of petrology-mineralogy and classification in Grove
Mountains, Antarctica. Chinese Journal of Polar Research, 14(4) .
330 -337 (in Chinese with English abstract)

Lu R, Miao BK, Wang GQ, Dai DQ, Lin YT, Ouyang ZY and Li CL.
2004. Classification of 24 new ordinary chondrites from the Grove
Mountains, Antarctica. Acta Geologica Sinica, 78(5) : 1052 - 1059

Miao BK, Lin YT, Ouyang ZY and Zhou XH. 2002. Petrology of Grove

Mountains meteorites II; Equilibrated ordinary chondrites. Chinese
Journal of Polar Research, 14 (4): 288 -299 (in Chinese with
English abstract)

Noack Y, Colin F, Nahon D, Delvigne ] and Michaux L. 1993.
Secondary-mineral formation during natural weathering of pyroxene:
Review and thermodynamic approach. American Journal of Science,
293(2): 111 -134

Stoffler D, Keil K and Scott ERD. 1991. Shock metamorphism of
ordinary chondrites. Geochimica et Cosmochimica Acta, 55(12):
3845 -3867

Tang YJ, Jia JY and Xie XD. 2002. Environment significance of clay
minerals. Earth Science Frontiers, 9(2): 337 - 344 (in Chinese
with English abstract)

Van Schmus WR and Wood JA. 1967. A chemical-petrologic
classification for the chondritic meteorites.  Geochimica et
Cosmochimica Acta, 31(5) ; 747 -765

Weisberg MK, Smith C, Benedix G, Folco L, Righter K, Zipfel J,
Yamaguchi A and Aoudjehane HC. 2008. The meteoritical bulletin,
No. 94. Meteoritics & Planetary Science, 43(9) ; 1551 — 1584

Weisberg MK, Smith C, Beredix G, Folco L, Righter K, Zipfel J,
Yamaguchi A and Aoudjehane HC. 2009. The meteoritical bulletin,
No. 95. Meteoritics & Planetary Science, 44(3): 429 —-462

Wlotzka F. 1993. A weathering scale for the ordinary chondrites.
Meteoritics, 28(3) : 460

Mt e 3L S 3K

AR, EHEA, XL, FHE, Fa, M, F¥. 2008 100 HE
BT RINBA MR REETFFE . RMBTFE, 20
(2):177-188

XIS, AR, ZEFk, BRI, BRMHEE. 2002. BEESRILB
AWAR—F WEHERYS AR . HHHTR, 14(4): 330
-337

BRE, WiHE, KW AE, BFE. 2002 SREFRUBTAT
FAHMED . PEREERRERT . WIS, 14(4) . 288 -299

s, SR, B, 2002 MitTYMERSERN . H¥EEE,
9(2):337-344



