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Petromineralogy, origin and impact metamorphism of a new lunar
meteorite NWA 12279
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Abstract: NWA 12279 is a piece of anorthosite lunar meteorite newly discovered in 2016, consisting of 86% anor-
thite and 14% impact melt breccia. The anorthosite, has a poikilitic texture and is composed of plagioclase
(70.6%), olivine (11.3%), pyroxene (10.0% ) and magnesium-aluminum spinel (7.0%), with a small amount
of quartz, chromite and ilmenite. The impact melt breccia is mainly composed of lithic clasts such as anorthosite,
gabbro-troctolite-anorthosite, microporphyritic crystalline impact melt breccias and gabbro, and such mineral frag-

ments as olivine, pyroxene, plagioclase and spinel, and glass as well as matrix. The anorthosite has the
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same mineral composition as the breccia: plagioclase (Ang, ¢ _o 4)» hypersthenes (Fsis s 3 , W0, o5 4 20), pigeonite
(Fsyo.551Wos19_147), augite (Fsg 350 W0y 4), olivine (Fog;; g 4), and magnesium aluminum spinel
(Mg, o, Feq g6) 5. 53( Ay, 4Crp 61) 12.00,,. Based on mineral composition, clastic composition, mineral components, to-
tal rock composition and shock-metamosphism features of the meteorite, as well as a comparison with the discovered
lunar anorthosite, the authors hold that the meteorite may originate from a new spinel-rich gabbro-troctolite-anortho-
site highland. Anorthite and breccia of this meteorite have different shock metamorphic features. Planar fractures in
olivine, maskelynite of plagioclase and impact melt veins containing unmelted pyroxene and olivine fragments were
produced in the anorthite, and vitreous veins, impact melt-pockets and rock brecciation were developed in the brec-
cia. The peak shock pressures in anorthosite and breccias are estimated to be ~45 GPa and ~78 GPa respective-
ly, and the shock temperature peaks to be ~1 100°C and ~1 890°C respectively. The shock stage is S5 ~Sq.
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Fig. 1

BSE images of the thin section of NWA 12279
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a ~ h are breccia for this discussion, partly enlarged images in Fig. 4; 1 ~4 are partly enlarged images: 1—vitriphyric texture; 2—poikilitic texture;

3—sub-ophitic texture; 4—fusion veins; Pl—plagioclase; Ol—olivine; Px—pyroxene; Gl—glass; Mask—masklynite; Spi—spinel; Q—quartz;

An—anorthosite; Fv—fusion veins; Fe—fusion crust
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Fig. 2 BSE image of pleocrystalline texture of anorthosite
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Fig. 3 BSE images and laser Raman spectra of the spinel
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Table 1 The characteristics of clastics in breccia of the NWA 12279
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Fig.4 The BSE images of the typical clastics in breccia area (the specific location shown in Fig. 1)
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a—anorthositeclasts; b—gabbro-troctolite-anorthositeclasts; c—microporphyritic crystalline impact melt breccia; d—gabbro clast; e—olivine clast;

f—exsolution of the pyroxene clast; g, h—glass clast; Pl—plagioclase; Ol—olivine; Aug—augite; Pig—pigeonite; Hyp—hypersthene; Gl—glass;

Ilm—ilmenite; Chr—chromite
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Fig.5 Mineral compositions of plagioclase (a) and olivine (h) in NWA 12279
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Fig. 8 The characteristics of shock metamorphism of NWA 12279 meteorite
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¢ and d are crossed nicols images, others are BSE images; the yellow box is partially enlarged images; a—maskelynite; b—impact crack; c—planar

fracture of olivine; d—undulate extinction of pyroxene; e—quenched structure of the melt-pockets, the crystallites being maskelynite; f—vitreous
veins; Mask—masklynite; Pl—plagioclase; Ol—olivine; Px—pyroxene; Spi—spinel; Q—quartz; ImC—impact crack; Viter V—vitreous veins;

An—anorthosite; ImB—impact melting breccia
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Table 3 The characteristics of anorthosite and breccias area
in NWA 12279

wHcE ik
. Hif: 0.10~023 ih: 0.23~0.40
kR / n . W
FEH: 0.10~0.12 R 0.12~0.15
mm
FHEH: 010~0.16 FHEA: 0.16~0.30
MR (Fo) :
HHEAT (Fo) + 77.0~82.0 ms?isg.f)
/L Aeed ) )
A (Wo) : 7.19~36.4 T (Wo): 2.98~44.1
i Cwel/%) SR (An)
q 1T s nt:
FHCA (An) - 97.2~98.4 929-98 4
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53 EE wy/ %
Table 4 Compositional comparison of the vitreous veins,

glass and fusion crust

JLE MURE BTN MERE XBE RS g e

Na, O 0.37 0.11 0.54
MgO 6.11 7.40 0.37
ALO, 28.2 24.8 34.6
Si0, 44.5 45.0 4.2
P, 05 0.03 - -

K,0 0.02 0.07 0.02
Ca0 17.2 16.3 21.0
Ti0, 0.25 0.34 0.04
V,0, - - 0.03
Cr,0, 0.11 0.18 0.02
MnO 0.11 0.10 -

FeO 4.18 6.59 0.47
NiO - - -

Total 101 101 101
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J AR A 2R 5 B IR R R A R A TR e, 1T
REEYE T HEk et — AN s SR AC~T% )1
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BT AN [ 1) ok 255 B v Hs AR 4 2 24 i G
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Homemann et al. , 1971; Schaal et al. , 1979; Dai et al. , 1991; Hiesinger, 2006) ,

x5 RRAPREG YRR I B KX M RYR EFE 5

Table 5 Shock-metamorphic effects in different minerals of meteorites and their pressure and temperature

it bt
7/ Pl RN NWA 12279 plrifid i I Pl B3R
/ GPa /T
#10~15 Miiller et al., 1969; Dai et al., 1991; Hiesinger,
SR v %336 werera tera ¢
#512 2006
#510~15 Snee et al., 1975; Kieffer et al., 1976, Stoffl
S . ) 4472 nee et al., ;. Kieffer et al ., Offler
#427~33 etal, 1978
MM . Qi
. . Miiller et al., 1969; Stoffler et al., 1978, 1980,
[ITETNE v £715~20 #5472
1991
WAL TEA — #18~23 #1 800~1 950 S PETR(2005), BEAG(2009)
REERA — #713~14 £91 750~1 900 PR EEEE(2005). BEnG(2009)
- #720~30
&N E R v Y 12 # 336 Homemann ef ol., 1971; Schaal es al., 1979
% - #£920~30 %47 Kieffer et al 1.9?6; Schaal et al., 1977; Schaal
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ey AN\
LR & — #130~35 #7472 Homemann et al., 1971; Schaal et al., 1977, 1979
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R v £710~12 # 336 Schaal er al., 1979; Hiesinger, 2006
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PANANAN N 2016
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C—REAR MG, NV T FORBE R D R A .

NWA 12279 B i) et b s A R o DX T8 1%
Al HEAE TR A o H SR, B RHC A 2 B T S
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