6545 51
20241 A

D G
ACTA ASTRONOMICA SINICA

Vol. 65 No. 1
Jan., 2024

doi: 10.15940/j.cnki.0001-5245.2024.01.005

NWA 13943 (CK58) ik FREKRIPR A B4
= AF R E R = A s

1 B 312

MR

(1 FEMFREZS LR XE &R 210023)
2 FERFEAAFRAXLEZEEAFFIK 6 230026)

FE CKABF R —H B A TR R, 4208 /BT 10 LU . 5 e KT B BRI (2
AT 1-3)A M, REHCKBWATERE LA T I AE TR (550-1270 K), LA4-6840 3. L IUEH
FW, CKRCV3EMA R RIFECR. (B2, Wi 1AM AL RO7 A E RN 22 5. BRIk, RS dih X
53 A AT A BR AL 22 RAE X T3 IE CK-CV R — B R it dE 3 B 2. Northwest Africa (NWA) 139432 —3t
BRI, 207 B F AR TR . R4 B BB IR, B T NWA 139431154 A 2840
g B /TR, B SE TNWA 13943000 148 E R Z A R R A K. SREa A%, s
B AR R H (AT O, AMRKFINL R /MBI FI4E RO R 578 (%4 Cr, e i 1 R0 3 LU S AR FE
[ [ A37 2 FLAE AR 22 1 10 4% ), CKORCV B B5UA [ REAA TT B 2 1 B AT 22 28 b 5 AN A BB [ R Ak 22 5 X

kIR RIRMLE, BRA, CKEERRECRRA
HhESES: P148; EAFRIRMG: A

1 5|8

T S0 Bk P A 2 K BH 2 =~ R I B B2 =), AR
K TKHARNEBFEEMPIR. T EAGEM T
P 2B R AE R 4 5 R R A AR P i 2 S, BRoRE
PR A 5 2 A I BRORE B A S BB ERORE PR A ek
WEAT BRI PR AT RAYERR B AT BRORL P A AR
a5 A S B ANR], BB AT X% 7 M A A 2R
B(1-62Y), AFEARBRERAENT B BEE 18
% AN FREEE 0 e SR i AR AR AR . Hrp,
RS/ oe IV AT N5 A= @ A 3l o |- R N i A
FCRERFAE, Bk 5T BRORE B A 4 VA 8L 22 B, 43l
#£CI. CM. CR. CH. CB. CO. CVHICKZHM

2022-11-114 2 5 5, 2023-02-214 FI1& Bk

A K Z B T BRORL B AT BRI A 228 75 KRR 4
R FER H AR A DI-35 O . (HCK A B R
BROKLRO AT 1 B P B R A 8L e — R
AT B R ERRL B AT, BEAAZE D s 2 0 FA AR
W {1 35, 3 28 A Y B A550-1270 K12 475 9151 [ gt
CKIYBF A 1C 3 1 oK 2 HU 5t BRORL B A7 BT ik 2K (1) B
PRI AR R, RRIF SRR S5 BRORL B A BEAA (1) 354k T
ShRIAS ] i o3 BRORL B A7 -2 ] P e R 27 A 1 AR
PR G A HE I R e

CKAB A — & 38 IR, AR
i (vol. %) N1-8, “F-HME N4 vol.%. HEE &8 R
Z, &8 /RSN R R 08, 13714167 g

[ K B ARBIEIE 4T H (41973065 42073060+ 42173044 41873076), HE R4 $BUI H (XDB41000000). [H %
H AT RITTE (2021YFA0716100) LR T H (D020000) i H FE R} 2 B /MT B 5 a2 i H 5B

twbxu@pmo.ac.cn

5-1



65 & x

3

s
&

i 1

B IRRRAE SR B4 (1) 380 bl gl vy (2) BRI ST 4
K(0.7-1.0 mm), PABDIRGE MM EN, (3)MEdE- A
LR FEENTCVMCOR B A 2 | 18 (4)5 [F]
MEFEHME CVERIR A i EAT

HTCKMCVR B A 28 A . T i 2 5
F WSO DL KR R R A S T THVRRAE AR, AT
AR A — REAA 718 200 AR gl
FGE R, WA TEA M S5 M AL 22 21 i T AT AE
TEWUNZ 5, BIANREE T P E e R & = O DL
A e CrfE Y. DR R A X 43R B A 9 2 )
BRAL A REAE X T 50 IECK-CV B — R U 4 3
Wk

Northwest Africa (NWA) 13943220204 7£ 7t
JEARID BT R I —HBR A, B 2194 g Mei% 2
HIRARIE 7z, R I E S CKA /5 A B ot BRoRL
B ARSI A S T SO SRR Ak 27 1 53 o
T, W€ T NWA 139431 A 264 thah, iz FH i
FEARM E TNWA 139438 £ 1) 4= 5 S8 R 7 25 e
[FAL 2 A, I 5 Hw T 8 (CK4-6) AT E~1 fii 2
(CK3BYFNICV IR fik Jot BRA B A7 34T X6 L.

2 XWHE

AL FBEXINWA 1394341 s A 458, 7
YA oy L A TR F AL T T A

S M 4 T R U (Hitachi S-3400 N)
SRICFE S SUE B, B i X3 4e it R A
Oxford AztecBE i (X {176 F M ThRe k1. Al
Mo RVRE R (1 3 B R B i G 3R 4 T 7E FE P 3R
B (JEOL JXA-8230) b 58 B, Mg ik 5 415 kV,
LA 20 nA. REAIE G R S5 (i DN it I ) — A 43 31
20 sFI10 s, 43 HTKAINal} 43 5] % A10 sfi15 s, il
H R bR #EW %) A 3% ESPT (Structure Probe, In-
corperated ) & il 52 56 FE A A B A 7] SR AL 1 R AR
PR T4 B &9, 32 B3k F AR 0 M A
BT (Fe)s RHCA (A MIME A (SiAIMg) . HREE 8L
W (Ni)s &BA(V). FEMHA(Ca)s FHAE(Cr).
&40 A (T MR RE K A (Mn). e &5 4 i ZAF
(Atomic number Z, Absorption, Fluorescence)fs
1E. LA b sRie i re v B R B 5K 4 1L RSB Rk

FII TR,

5-2

4 E A A AL &R o B AR B AU K SEMAT-
2537 AR [ A2 2 B A B BEAT,  BORY R AR dh
£2.5 mg, B AKX 5% R SCER[23]. TR A
F K — M HSTTOMSBOME (63K 7~ £ &b w1 R
AR BU B 5 bR B v B0 R AL 3R G B B A X i 22
10365 KL, & LA 650 (%) 1000 x
[(XO/%0 ) sumpte/(FO/100)sanaara — 1], HHX
= 18817, ARAEY) BT — AL T 4 th g b e~ 25 g
IK. 'SOMG T O bR HE R 22 73 5 720.3%010.05%o.
A—-1TRAL R W — A0 (ARERFILLER 7
WE)FIL, 2 XN A0 = 1000 x [In (1 +
5170/1000) — 0.5305 x In (1 + 6'80/1000)].

G B (RS 3% A AL RS ASE FH E [EAR AR E rl oK
Hb 5T B 22 B 5T BT B Triton#4 HL 55 5T 3% 4% (Thermal
Tonization Mass Spectrometry )l %2, #7 A i i =
2910 mg. HFM R AW — e Crlie®™Cr (e
AN i R R 3R B AR A e o ) [ 8 3R BEAEL Y
AR 22 (10465 ) SRR IE, 78 N eXCr = 10000
X [(*Cr/?2Cr)sampte/ (* Cr/?2Cr)standara — 1], X =
53854, 1 FH (BIFREEZNIST SRM (National Insti-
tute of Standards and Technology Standard Ref-
erence Material) 979. FAKP) 734 AL Hg Ab 2 )7 7%
DLSCHR[21].

3 SR

BREHEFEFIE

NWA 1394304 FhrA W&, Rk E 26
e, VITAMNEA — B EE 1.2 mm XL Z. Bl
29NWA 13943V J 13 #UM (BSE) 4= 35 BI& ot
EoAE, WA LD & (~7 vol. %) =K E W 2K
27(0.6 + 0.4) mm 1) fiEER Th BRokL 43 A7 75 400R0 1) JE
i, HA R MR MBSERIE LS. B4Rk
ai L AT AR 2R T I RGOk B AR, RE
& R R B, AR B B & R AL Bk
ALY (a)). AR AR AR A B~ (16.9
+ 6.7) um (KAHE = 206), 27 #4852 L
e vE, B DL S A RCIR 2 A 10 7 g A VIR 1) 7K Tk
BH (A (b)), BTG5 AR,
il BH R 2951 vol. %I A1y 41 vol. NI A. 5
vol. %K A 2.5 vol. %HIEE LL )20.6 vol. %)

3.1



65 & Mg BRLHTEE: NWA 13943 (CK5 R ) B it BN BUAT AT 4028 A 22 AR R R 4 ot 42 147

TRIR Eh 2H .

NWA 13943 (Y BRREHE BEANE I, 2 2 TP
UMY, MR R, W OR B RG(K3). K
JLCATI (Ca, Al inclusions) FTAOA (ameboid olivine
aggregates) SRR S5 14, BRORL 3 22 9 BEARONS A1 5k
¥i(Porphyritic Olivine, PO)FIBELR BN A1 1 A7 2K
#i (Porphyritic Olivine-Pyroxene, POP). K1 BIANWA 1394300 h5 A0

Fig.1 Photo of hand specimen of NWA 13943

B2 (a) NWA 1394356/ (15 # (backscattered electron, BSE)2HiEE; (b) NWA 139435 MR A B (ST AL B, Fe N4 f;
Mg i), FETTHE N IR BRIRERRL, “Ch-+807 %57 4R AR5 P (1R Rl ERAL

Fig.2 (a) The overview backscattered electron (BSE) image of NWA 13943 slice; (b) Elemental distribution of NWA 13943 slice
(Si: green; Fe: red; Mg: blue), the representative chondrules are marked with white boxes, with “Ch” followed by a number

denoting to individual chondrules within the sample.

K3 NWA 139431 ARMUERKMBSERIR. 4i5: Mag: BB O #iMif; Px: #4; PO: BURMBIAERKL, POP: BERBIM A # A FobL.

Fig.3 BSE images of some representative chondrules in NWA 13943. Abbreviations: Mag: magnetite; Ol: olivine; Px: pyroxene;
PO: porphyritic olivine; POP: porphyritic olivine pyroxene.
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B 4 NWA 139439 TGS B ILAN ). (a)BES IR . AR dfcA FOAR B 0RE; (o) MR (28 R 5 WA URL A AR df A H VA s, 2D
KA W AAEEE T (o) BESRI & SR T AT B R R () B R TEERT, CroOs i1l wt. %, W%, 1 I4i5:
Pent: #3H [(Fe, Ni)oSs]; Sp: Riifi; Opx: R H; Ilm: 4KEkA"; Cr-rich Mag: &I

Fig.4 Magnetites and coexisting minerals in NWA 13943. (a) Olivine, spinel and pentlandite grains within magnetite; (b)

Orthopyroxene grains and exsolved spinel crystals within magnetite, few aqueous alteration minerals have been found in the

matrix; (c¢) Magnetite with abundant plagioclase, pentlandite and ilmenite inclusions; (d) Clean chromium-rich magnetite with

up to 11 wt.% Cr,O3. Mineral abbreviations: Pent: pentlandite [(Fe, Ni)gSs]; Sp: spinel; Opx: orthopyroxene; Ilm: ilmenite;

Cr-rich Mag: chromium-rich magnetite.

3.2 HWKH

NWA 1394391 (REERA™ 73 N =Fh =4k (1)
B AIRL B 5 5 P (2) HH BAE BRORE P 38; (3) AT
TERRRLIN 2. R 2 B 1 LU B,
BEMNA . ROTEARRL. FLERE R (K4 (a). 4
(b)H14 (c)), WHEH WK FI 9 di A v (n 14
(b)). DEEEEA 2B NSk TEFLIE (M
El4d). MEEA KA AT 525 wm.

WA B AR PR I A SR 3R 1. &5
FRWY, NWA 13943 (BRI N & B HLBA,
CryO3 M & 43 B (wt.%) N1-6. KW EEn &4
1.9-5.9 wt.%1Cry03, 0.05-0.45 wt. %I Ti0,, 0.24
~2.11 wt. %] Al,03, 0.03-0.29 wt. % HIMgO ;2 61.3~
66.4 wt. %M FeaO5. {HA, AL B4 5 1555
KA T E, ENTREAEERCr0;5 (< 11.4wt.%)-

TiO2(< 0.8 wt. %) Al,O3 (< 4.3 wt.%) MO (<
0.4wt.%), MiFe,O5 Fr EAHNHRAL (> 54.1wt.%). &
FRE5HE b, X B & B I RAR AT X ) T Ho e K
SR, FERINY: ARREE S, T
% FLBEAR.

3.3 A

NWA 13943 71 873 BRRL AN A7 1135 53 B A4
HIAR R 2 i 262, IS ANWA 139437 Bk
or RIS A1 AN S RO A R Fadii =R 43 A5 B Bl (Fahy
Fe/[Mg-+Fe] EE /R Ex 100). B EI5AT 51, PR 1)
BOHS A R B R I ER A 2540, Fafd A Ta /N, A&
oy L) — . BRI A B Faff 22 4k 78 Fl y27.4-
30.0, “F¥MH 7928.3. B BHE A1 B Fafe A2 4 1 [l
N28.3-32.8, “FIIE M30.2.



65 4

HEBURTAE: NWA 13943(CKSM) B 5 ORI AT 10 A0 2 ANASE R 3R AL Rt 7t 1 4]

F1 NWA 13943 R R MRS B ERR D (wt.%)

Table 1 Chemical composition (wt.%) of some representative magnetites in NWA 13943
Point M-1* M-2 M3 M4 M5 M6 M7 M8 M9 M-10 M-11 M-12 M-13 M-14 M-15
FeO  89.88 88.78 89.91 87.63 7850 89.46 89.65 90.33 85.63 89.62 89.68 88.94 87.57 90.29 88.98
CaO b.d® bd. bd. bd  bd bd bd bd bd bd bd bd bd 004 0.11
TiO, 0.14 0.19 0.16 0.21 0.55 0.14 0.14 0.09 047 0.16 0.16 0.19 0.33 0.06 0.20
NiO 0.18 0.15 0.12 0.17 0.14 0.16 0.17 0.18 0.09 0.13 0.16 0.13 0.21 0.14 0.19
Si02  0.05 0.01 0.02 0.03 b.d. 0.02 0.04 bd. 003 0.02 bd 0.03 011 0.02 0.05
Cr,O3 220 3.65 227 399 10.73 296 296 213 6.02 277 253 335 421 213 3.11
MnO bd. 004 001 003 011 004 002 002 006 bd. 004 002 003 bd 0.02
V.03 0.07 008 008 009 004 001 003 007 007 005 006 007 004 0.07 0.07
Al,bO3 035 031 041 1.09 394 028 029 033 09 037 029 054 067 028 045
MgO 0.06 0.07 0.09 0.16 038 0.07 006 006 024 006 005 0.08 0.08 0.05 0.14
FeoOs* 65.60 64.77 65.65 63.93 56.01 65.34 65.43 66.03 62.20 65.38 65.49 64.84 63.67 66.00 65.09
FeO* 30.85 30.50 30.84 30.10 28.10 30.67 30.77 30.91 29.66 30.79 30.74 30.59 30.28 30.90 30.41
Total 92.93 93.27 93.08 93.39 94.39 93.13 93.36 93.20 93.50 93.18 92.97 93.35 93.26 93.08 93.30
Total* 99.50 99.76 99.65 99.80 100.0 99.68 99.91 99.81 99.73 99.73 99.53 99.84 99.63 99.69 99.82

& The label “M-1” represents the first analysis point for magnetite grains, and subsequent points are denoted

accordingly;

P b.d.: below detection limit;

* The results were calculated from stoichiometry

Counts

(24]
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Fig.5 Histogram of Fa frequency distribution of olivines in chondrule (a) and matrix (b) of NWA 13943. Both the mean and

variance (o2) of the Fa values are given.
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2 NWA 13943 BRRIHA A AN E B A R R R F RS (wt. %)

Table 2 Representative chemical compositions (wt.%) of olivines in chondrule and matrix of NWA
13943

Chondrule Olivine

Point FeO CaO TiOz NiO SiO2 KO Cra203 MnO NaxO MgO Al,O3 Total Fa®
Ol-1* 2577 bd° 0.05 014 3738 b.d. 0.02 0.24 b.d. 36.24 0.03 99.9  28.5
Ol2 26.03 0.01 0.04 0.12 3726 0.01 0.03 0.25 b.d. 36.05 0.03 99.8  28.8
O3 2595 bd. 003 015 3738 0.01 0.04 0.23 0.03 36.25 0.04 100.1  28.6
Ol4 25.79 b.d. 0.05 0.12 37.28 b.d. 0.03 0.27 b.d. 36.37 0.04 99.9  28.5
Ol5 2574 0.18 0.03 0.12 3746 0.01 0.07 0.29 bd. 3564 0.13 99.7  28.8
Ol6 25,50 b.d. 007 014 3754 b.d. b.d. 0.25 b.d. 36.52  0.02 100.0 28.1
Ol7 2586 1.58 0.01 0.12 3720 b.d. 0.46 0.24 0.05 33.78 0.67 100.0 30.0
0l-8 26.50 0.09 0.03 0.11 37.60 b.d. 0.04 0.27 0.03 35.06 0.14 99.9 29.8
Ol-9  26.04 Db.d. b.d. 0.13 37.63 0.01 b.d. 0.31 0.01 35.96 0.02 100.1  28.9
Ol-10 2591 0.01 0.06 0.11 3745 b.d. 0.02 0.26 0.02 3586 0.04 99.8  28.8
Ol-11 2554 b.d. 0.03 0.11 3756 b.d. 0.02 0.27 0.01 36.33 0.01 99.9 283
Ol-12 25.82 b.d. 0.01 0.09 37.59 b.d. 0.02 0.31 b.d. 36.29 0.01 100.1  28.5
Ol-13  25.22 0.01 b.d. 0.13 37.79 b.d. 0.01 0.26 0.02 36.45 b.d. 99.9  28.0
Ol-14 2543 b.d. b.d. 0.13 3738 b.d. 0.04 0.27 b.d. 36.48  0.01 99.7 28.1
Ol-15 2538 b.d. 0.02 0.10 37.62 b.d. 0.05 0.30 0.01  36.58  0.02 100.1  28.0
Matrix Olivine
Ol16 26.53 0.12 0.06 0.12 3739 0.01 0.01 0.30 0.01 34.09 0.39 99.0 30.4
Ol-17 2739 0.02 0.05 0.08 36.89 b.d. 0.12 0.28 0.01 35.16  0.09 100.1  30.4
0Ol-18 2754 0.04 0.09 0.08 37.06 b.d. 0.07 0.32 0.05 34.07 0.06 99.4 31.2

* Fa = 100 x Fe /(Mg + Fe) in mole;

> The label “Ol-1”7 represents the first analysis point for olivine grains, and subsequent points are denoted

accordingly;

¢ b.d.: below detection limit.
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Fig.6 Compositions of magnetites in NWA 13943. Compositions of magnetites in CK3 [61, CK4-6* 7> 16, 20, 37] 59 Cyl7> 38-40]

meteorites are plotted for comparison. Fe,O3 contents are stoichiometric results!
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Fig.7 (a) Triple oxygen isotope diagram. The red star represents the NWA 13943 meteorite. CV3,xa, CV3oxp, and CV3g
represent oxidized Allende-like, oxidized Bali-like, and reduced CV3 group meteorites, respectively. The filled black squares and

circles represent the CK3 and CK4-6 meteorites, respectively. CCAM: anhydrous mineral lines of carbonaceous chondrites.

Reference data are from Ref.[7]. (b) €**Cr-A'7O isotopic correlation plot for carbonaceous chondrites. The red star represents
the NWA 13943 meteorite with error bars of 2SE. Reference data are from Ref.[21].
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Petrology, Mineralogy and Stable Isotopic Composition of NWA
13943(CK5) Carbonaceous Chondrite

MEI Ao-xin'?  HSU Wei-biao®

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Sciences, University of Science and Technology of China, Hefei 230026)

Asstract CK (Karoonda-like) carbonaceous chondrites (CCs) are highly oxidized meteorites, with
metal/magnetite ratio close to zero. Unlike other CCs (petrologic type: 1-3), most CK chondrites have
suffered intense thermal process (550-1270 K) on their parent body with a petrologic type 4 or above.
Lines of evidence indicate that CK chondrites could be genetically related to CV (Vigarano-like) chondrites
which are mostly type 3 meteorites. However, there are still slight differences in petrographic texture and
chemical composition between these two meteorites. Therefore, it is crucial to distinguish their geochemical
characteristics for testing the CK-CV single parent body hypothesis. Northwest Africa (NWA) 13943, a
newly found meteorite which has undergone intense thermal metamorphism, was classified using scanning
electron microscopy and electron microprobe. The whole-rock oxygen and chromium isotope composition
of NWA 13943 meteorite were also determined by mass spectrometer. Integrating petrology, mineralogy,
oxygen isotope anomaly (A'7O, where A represents isotopic fractionation value), and chromium isotope
anomaly (£°*Cr, where ¢ expresses parts per ten thousand mass-independent isotope deviation) data, it is
legitimated to infer that CK and CV chondrites may derive from two similar but distinct isotopic reservoirs
within the protoplanetary disk.

Key words astrochemistry, meteorites, CK carbonaceous chondrites
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