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Na behaviour in shock-induced melt phase of the Yanzhuang 
(H6) chondrite 
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Abstract: The Yanzhuang meteorite was severely shocked and reheated in an extraterrestrial impact event; it 
consists of four shock fades characteristic of disequilibrium shock effects. This study reveals that the volatile 
element Na in the shock-induced melt phase is not unequivocally depleted. Na preservation in the melt phase could 
correspond to: (1) high shock pressures (> 30 GPa) and high post-shock temperatures that acted in most parts of 
the meteorite, resulting in reduced rock porosity and lower pressure and temperature gradients between the melt 
phase and the surrounding shock facies. (2) quenching of melt phase (6 - 400°C/s). Na redistribution in the melt 
phase is shown here: (1) Na concentrated to Fe-Ni-S melt at high pressure and high temperature. Fe-Mn-Na 
phosphate, a possibly new phase, was formed in the metal-troilite eutectic nodules. (2) Minor amounts of Na were 
solidified into the recrystallized low-Ca pyroxene, thus resulting in a slightly enhanced Na content in the pyroxene. 
(3) Part of the Na was "frozen" into the silicate melt glass. 
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Introduction 

It is well known that melt veins and pockets in 
ordinary chondrites are heavily shock-metamor
phosed areas which have experienced very high 
pressures and temperatures. Although they are 
produced from localized in-situ melting of chon
drites, they are basically of chondritic composi
tion. It seems inevitable that shock-induced melt
ing would result in the loss of some volatile 
elements by vaporization during cooling of the 
melt. Evident Na loss from shock veins has been 
reported in several L and H chondrites. Among 
the L6 chondrites, losses of 25-35 % Na are 
reported in the veins of Apt and Vouillé (Dodd 
& Jarosewich, 1982) and 30 % Na in the early 
vein of Chantonnay (Dodd et al., 1982). Se-
menenko et al. (1992) stated that the veins in the 
Barbotan (H5) and Charsonville (H6) chondrites 
have lost 46 % and 50 % Na, respectively, in 
contrast to their unmelted chondritic hosts. 

The Yanzhuang (H6) chondrite is a Chinese 
meteorite fall that has been severely shocked and 
reheated (Xie et al, 1991, 1994). The meteorite 
contains abundant melt veins and melt pockets. 
However, no significant loss of Na or other 
volatile non-noble gas elements have been found 
in the melt phase. The mineralogical study shows 
that sodium redistribution had taken place in the 
melt phase. We report here the results of an in
vestigation of the shock facies and Na behaviour 
within the melt phase. 

Samples and experimental methods 

The sample was cut from the largest fragment 
(823 g) of Yanzhuang. Several polished thin sec
tions containing both melt phase and unmelted 
chondritic areas were prepared for petrology, 
mineralogy and microprobe analyses. Among the 
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four shock facies distinguished in this meteorite, 
1.5 g of each facies was extracted and ground 
into powder, from which a 200 mg subsample of 
each facies was used for compositional determi
nation by instrumental neutron activation analy
sis (INAA). 

Thin sections were studied by optical micro
scopy and scanning electron microscopy (SEM). 
Semi-quantitative energy dispersive chemical 
analyses (EDX) were conducted on a SEM 
equipped with an EDX accessory. An ARL-
SEMQ automated electron probe microanalyser 
was employed for elemental quantitative analyses 
(EPMA). Operating conditions were 15 kV accel
erating potential and 25 nA sample current. The 
element contents were calculated from the X-ray 
data using ZAF correction. 

Results and discussion 

1. Shock facies 

The Yanzhuang meteorite presents four shock 
facies characteristic of disequilibrium shock ef
fect (Fig.l): (1) Slightly deformed chondritic host 
with poorly defined chondrule structure. The 
mechanical deformation of minerals of this facies 
is intense, resulting in numerous olivines display
ing strong undulatory extinction, 4 to 5 sets of 
planar fractures, mosaic texture with domains of 
10-15 µm and more than 3-4° of rotation. Some 
plagioclases have been transformed to maskely-
nite. This facies make up about 40 % by volume 
of the meteorite. (2) Brecciated areas. Most min
erals of this facies, especially the silicates, have 
been heavily deformed and broken into frag
ments. Most plagioclases have been transformed 
to maskelynite. The fragments of olivine display 
intense mosaic texture with domains a few mi
crons across with more than 5 to 8° of rotation. 
This facies makes up about 20 % by volume of 
the meteorite. (3) Blackened and partially melted 
chondritic areas. These areas occur in neighbour
ing melt veins and melt pockets. All plagioclase 
here was melted , while troilite , metal and 
pyroxene were partially melted. Solid state re-
crystallization of olivine and pyroxene grains has 
occurred extensively. Some melted metal and 
troilite has penetrated into the fractures of the 
silicates, thus resulting in blackening of these 
areas. This facies make up about 10 % by volume 

of the meteorite. (4) Melt phase including melt 
veins and pockets. Melt veins and melt pockets, 
which connect with each other and penetrate the 
whole meteorite make up about 30 % of the 
meteorite. The widths of melt veins range from 
0.1 to 15 mm, while one large melt pocket has a 
volume of 24 cm3. The melt phase mainly con
sists of recrystallized microcrystalline olivine and 
low-Ca pyroxene, recrystallized olivine and 
pyroxene fragments, silicate melt glass and met-
al-troilite eutectic nodules with dendritic tex
tures. 

2. Chemical composition 

Both the melt phases and the unmelted chon
dritic areas of Yanzhuang were identified by 
INAA to have nearly identical compositions in 
major, minor and trace elements (Chen, 1992; 
Begemann et al, 1992; Chen et al., 1994). 
Table 1 shows that the contents of most volatile 
elements (such as Na, K, Zn and Se) are very 
similar in the melt phase and the unmelted chon
dritic areas, thus indicating that these elements 
were not measurably affected by shock. The Na 
content of the melt phase is not significantly 
depleted in contrast with other shock facies of 
this meteorite and with average H chondrite falls 
(6380 ppm). Minor differences of Na content 
(< 15 %) among different shock facies and 
among the measurements from different labora
tories could be due to sample selection and 
experimental conditions. 

3. Mineralogy of the melt phase 

Pyroxene 

The melt phase in the Yanzhuang chondrite 
contains a number of microcrystalline pyroxenes. 
They range from 1 to 10 µm in size and have 
euhedral and subhedral forms surrounded by sili
cate melt glass. Both high-Ca and low-Ca pyrox
enes are encountered, while low-Ca pyroxene is 
predominant. Table 2 and Fig. 2 show that the 
low-Ca pyroxene in the melt phase is hetero
geneous from grain to grain in contrast to the 
homogeneous compositions of low-Ca pyroxenes 
in the chondritic host. These microcrystalline 
pyroxenes contain high concentrations of AI2O3, 
Cr2O3, CaO and Na2O, (e.g. 0.1 - 2.7 wt.% 
AI2O3, 0.1 - 1.3 wt.% Cr2O3, 0.7 - 4.5 wt.% CaO 



Na behaviour in melt phase of Yanzhuang 327 

*\ ' 

Ö * * • * • • » * 

ha*, 1 
1 • . • • ; • - f c - . 

•*?.'*• ' V 

Ä 

*A 

&^ -Ä^vJ 

- . • . £ • * » * •• * •••* • . j * ' * 

:.,'V»; ;.:'.y> • • ' • ] 

. ^ . . • • • " / -

. 1 - B M Ä ^ -> 

M 0.45 mm • 

Fig. 1. The Yanzhuang chondrite has 
been heavily shocked and reheated. It 
consists of four shock facies: (1) 
slightly deformed chondritic host 
(DCH) in which poorly defined 
chondrule structures can still be dis
cerned (Fig. la); (2) brecciated areas 
(BA) in which most minerals have 
been heavily damaged and frag
mented (Fig. la); (3) blackened and 
partially melted chondritic areas 
(BMA) in which silicates and metal 
minerals were partially melted 
(Fig. la & b). Fig. lb also shows 
some melted metal and troilite (ar
rows) penetrating into the fractures 
of pyroxenes and olivines, thus re
sulting in the blackening of these 
areas; (4) melt phase including melt 
pockets (MP) and melt veins (MV) 
which consist of microcrystalline 
olivine and pyroxene, recrystallized 
olivine and pyroxene fragments, met-
al-troilite eutectic nodules and sili
cate melt glass (Fig. lb and c). Plane 
polarized transmitted light. 
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Table 1. Na concentrations of shock facies of the Yanzhuang chondrite determined by INAA. 

(1) 

(2) 

(3) 

(4) 

A 

7020 

6310(±640) 

6040(s.d.=3) 

B 

6010 

C 

(ppm) 

6600 

D E 
(melt phase) 

6440 6820 

5940 (±500) 

6370 (s.d.=3) 

Average H 
chondrite 

fall 

6380 

Note: A = Lightly deformed chondritic host; B = Brecciated area; C = Blackened and partially 
melted chondritic area; D = Melt vein; E = Melt pocket. Melt phase includes D and E. 
(1) This study. Note that one measurement of each facies was conducted and no standard 
deviation of these measurements has been estimated. 
(2)Y.Chenetal(1994). 
(3) F. Begemann et al. (1992). 
(4)E. Jarosewich(1990). 

pyroxene. However, these olivines have the same 
composition as the olivine of the chondritic host 
(Table 2), and only small numbers of grains con
tain slightly high CaO (up to 0.28 wt.%). 

Phosphates in metal-troilite eutectic nodules 

Metal-troilite eutectic nodules in the melt 
phase of Yanzhuang are from 0.1 to 10 mm in 
diameter, thus indicating a local Fe-Ni-S frac-
tionation in the shock-induced melt. A number of 
phosphate inclusions were found within troilite in 
these nodules , occurr ing as f ine-grained 

Table 2. Chemical compositions of low-Ca pyroxenes and olivines in the Yanzhuang chondrite determined by 
EPMA. 

Na20 
I CaO 

MgO 
FeO 

| MnO 
! Al2o3 
' Cr203 

v2o3 
Ti02 
Si02 

Total 

Host* 
(6) 

0.02 
0.68 
30.79 
10.96 
0.47 
0.23 
0.15 
n.d. 
0.17 
56.24 

99.71 

Low-Ca pyroxene 

s.d. 

0.01 
0.04 
0.56 
0.32 
0.02 
0.07 
0.05 

-
0.06 
0.51 

Meltt 
(14) 

0.07 
1.39 

30.28 
10.19 
0.41 
0.73 
0.76 
0.04 
0.11 
54.84 

98.82 

s.d. 
Host* 

(8) 
(wt.%) 

0.06 
0.97 
1.65 
0.54 
0.04 
0.66 
0.40 
0.06 
0.06 
1.28 

n.d. 
0.05 
42.49 
16.76 
0.45 
n.d. 
0.10 
n.d. 
0.04 
38.71 

99.61 

Olivine 

s.d. 

-
0.02 
0.86 
0.26 
0.01 

-
0.04 

-
0.03 
0.35 

Meltt 
(7) 

n.d. 
0.08 

41.96 
16.92 
0.43 
0.03 
0.08 
n.d. 
n.d. 

38.69 

98.19 

s.d. 

-
0.08 
0.45 
0.89 
0.02 
0.03 
0.13 

-
-

0.49 

Host* = chondritic host. 
Meltt = melt phase. 
( ) = number of analyses, 
s.d. = standard deviation, 
n.d. = not detected. 

and up to 0.19 wt.% Na2O). Semenenko & 
Golovko (1994) also reported similar composi
tional features in the low-Ca pyroxenes of the 
melt veins of the Barbotan, Charsonville and Per-
vomaisky chondrites. Considering these com
positional characteristics, the low-Ca pyroxenes 
could have crystallized from shock-induced 
mixed silicate melts. 

Olivine 

Microcrystalline olivine in the melt phase has 
similar occurrence features as microcrystalline 
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Fig. 2. Compositional characteristics of low-Ca pyroxenes. The diagrams show the frequencies of CaO, CΓ2O3, 
Al2O3 and Na2O contents of low-Ca pyroxenes in the melt phase (Melt) and in the chondritic host (Host). Low-Ca 
pyroxenes in the melt phase have heterogeneous compositions and many grains contain higher contents of Al2O3, 
CΓ2O3, CaO and Na2O than the low-Ca pyroxenes of the chondritic host. The low Ca-pyroxenes in the chondritic 
host have homogeneous composition. 
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Fig. 3. Back-scattered electron 
image showing a Fe-Mn-Na 
phosphate inclusion (PH) within 
troilite (S) of a metal-troilite eu-
tectic nodule in a melt pocket, the 
Na content of this phosphate in
clusion was measured to be about 
4 wt.%. Iron-nickel metal is desig
nated as M. 

spherules 2 to 8 µm in diameter (Fig. 3), and 
containing 48 to 58 wt.% FeO, 2 to 5 wt.% MnO 
and up to 4.55 wt.% Na2O (Table 3, Fig. 4). Na 
contents of the phosphates show positive corre
lation with Ca and K. Analysis of Mn, K, Na, 
and Ca contents in the inclusions indicates a 
homogeneous compositional distribution. 

Among the identified phosphate inclusions, 

only a few grains were found to have the com
position of graftonite (Fe2.95Mno.o5>3(PO4)2. The 
majority of the other phosphate grains contain Fe, 
Mn and Na. The Na contents of these grains 
range from 1.32 to 4.55 wt.% Na2O which show 
a continuum of compositions (Fig. 4). Na-rich 
Fe-Mn phosphates (> 4 wt% of Na2O) have the 
approximate formula (Na,Ca,K)2(Fe,Mn)8(PO4)6. 

Table 3. Chemical compositions of phosphates in the metal-troilite eutectic nodules determined by EPMA. 

No. 

1 

Na20 

n.d. 

K20 

n.d. 

CaO 

n.d. 

MgO 

n.d. 

FeO MnO 

(wt.%) 

57.93 2.39 

Cr203 

0.18 

Si02 

0.03 

P2O5 

38.88 

Total 

99.41 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1.32 
1.59 
2.07 
2.38 
2.55 
2.67 
2.78 
2.84 
2.95 
3.19 
3.21 
3.24 
3.25 
3.28 
3.57 
3.57 
3.72 
4.02 
4.07 
4.55 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
0.07 
n.d. 
0.02 
0.02 
0.03 
n.d. 
0.06 
0.06 
0.04 
0.08 
0.03 
0.10 

0.10 
n.d. 
0.03 
0.06 
0.02 
0.10 
0.02 
0.14 
0.19 
0.13 
0.32 
0.03 
0.19 
0.23 
0.30 
0.38 
0.37 
0.46 
0.40 
0.41 

0.02 
n.d. 
n.d. 
0.04 
n.d. 
0.03 
n.d. 
0.09 
0.06 
0.08 
0.07 
n.d. 
0.10 
0.06 
0.14 
0.06 
0.12 
0.22 
0.08 
0.12 

55.49 
54.37 
53.97 
54.27 
53.21 
53.24 
52.15 
53.23 
50.30 
52.64 
51.18 
52.62 
51.26 
49.78 
49.12 
50.87 
51.09 
50.07 
50.68 
48.79 

2.36 
3.75 
3.48 
2.23 
3.03 
2.73 
4.26 
2.51 
4.25 
3.11 
3.20 
3.73 
3.88 
4.90 
3.60 
3.13 
2.71 
2.85 
3.41 
4.00 

0.18 
0.45 
0.31 
0.17 
0.33 
0.20 
0.53 
0.29 
0.34 
0.10 
0.39 
0.37 
0.53 
0.39 
0.64 
0.49 
0.27 
0.40 
0.32 
0.84 

0.15 
0.08 
0.23 
0.18 
0.10 
0.15 
0.17 
0.34 
0.18 
0.53 
0.25 
0.33 
0.35 
0.39 
1.05 
0.20 
0.56 
0.72 
0.41 
0.38 

38.48 
38.12 
39.58 
38.86 
38.84 
39.23 
39.15 
39.04 
39.31 
38.00 
39.27 
39.65 
38.76 
38.86 
40.03 
39.63 
38.70 
39.28 
39.42 
39.73 

98.09 
98.38 
99.66 
98.17 
98.08 
98.45 
99.06 
98.46 
97.65 
97.77 
97.90 
99.89 
98.35 
97.90 
98.51 
98.39 
97.59 
98.09 
98.82 
98.92 

Note that the chemical compositions were measured from 21 grains of phosphates (No.l to 21). 
In these analyses, grain No. 1 is free ofNa, other grains (No.2 to 21) contain 1.32 - 4.55 wt.% of 
Na20. 
n.d.= not detected. 
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Fig. 4. Compositional charac
teristics of phosphates. The 
diagrams show the frequencies 
of Na2Ü and MnO contents of 
the analysed phosphate grains. 
Na2O and MnO concentrations 
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It would be desirable to conduct structural ana
lyses of these phosphates by X-ray diffraction if 
some sufficiently large grains could be located. 
Based on the principles of crystal chemistry, Fe 
and Mn in the lattice cannot be substituted by Na, 
Ca and K. Therefore, it is reasonable to consider 
that the Fe-Mn-Na phosphate (Na,Ca,K)2 
(Fe,Mn)8(PO4)6 could be a new phase. If this is 
the case, Na-bearing Fe-Mn phosphates (1.32-
3.72 wt.% of Na2O) would represent a mixture 
of graftonite and Fe-Mn-Na phosphate. It is 
possible that the single phase of Fe-Mn-Na 
phosphate in the Na-bearing Fe-Mn phosphate 
inclusions is too small to be resolved by micro-
probe. 

The predominant phosphate in the Yanzhuang 
chondrite is whitlockite, which occurs as an ac
cessory mineral and contains only up to 3 wt.% 
Na2O. According to our observation, phosphate 
inclusions occurring in the kamacite, taenite and 
troilite of the chondritic areas have not been iden
tified. During shock events, the chondrite is 
melted and volatile elements, such as Na and P 
released from the decomposed whitlockite and 
plagioclase, are concentrated into the shock-
induced Fe-Ni-S melt at high pressures and high 
temperatures. P combines with the Fe, Mn and 
Na, to form phosphate which occurs as inclusions 
within the troilite. 

Fe-Mn phosphates usually do not occur in or
dinary chondrites (Fuchs, 1969). Olsen & Steele 
(1993) reported the discovery of Fe-Mn-Na 
phosphate (Na,K)2(Fe,Mn)s(PO4)6 within troilite 
nodules of the IIIAB iron meteorites. They pro
visionally referred to this phosphate as 2:8:6 
phosphate because no X-ray data have yet been 
obtained. Olsen & Steele (1994) suggested a 
model to expla in the format ion of such 
phosphates: after Fe-phosphate formation, Mn, 
Na, K, Ca diffuse into them forming Mn-bearing 

graftonite and 2:8:6 phosphate. The Fe-Mn-Na 
phosphate in Yanzhuang should correspond to 
the 2:8:6 phosphate found in IIIAB iron me
teorites by Olsen & Steele (1993), in view of the 
similarity of composition and occurrence of 
phosphates. However, it should be emphasized 
that the phosphates in Yanzhuang were formed 
during a shock event. 

4. Silicate melt glass 

The melt phase of Yanzhuang contains about 
3-5 % silicate melt glass occurring among the 
recrystallized olivine, pyroxene, metal and 
troilite. TEM study indicates that the areas of 
melt glass are generally less than 1 mm across 
(Chen, 1992), which is too small to allow micro-
probe analysis. EDX measurement shows that the 
melt glass has very a heterogeneous composition 
with 50-90 wt.% SiO2, 3-15 wt.% AI2O3, 0.5-15 
wt.% FeO, 0.5-30 wt.% MgO, 1-5 wt.% Na2O, 
1-4 wt.% CaO. It should correspond to a quench 
glass phase. 

5. Shock-induced physicochemical conditions 
associated with shock facies 

The Yanzhuang meteorite underwent hetero-
genous shock compression in an asteroid impact 
event. According to the shock metamorphism 
characteristics of the chondrite and the shock 
pressure calibration of chondrites by Stoffler et 
al. (1988, 1991), the weakly deformed chondritic 
host of Yanzhuang should have experienced 
shock pressures of 20 to 30 GPa and post-shock 
temperatures of 150 to 350°C; the brecciated 
areas, 30 to 40 GPa and 350 to 850°C; the 
blackened and partially melted areas, 50 to 90 
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GPa and 850 to 1300°C; shock-induced melt 
phase, > 90 GPa and > 1500°C. The heavily 
shock-metamorphosed areas (brecciated areas, 
blackened and partially melted areas, and melt 
phase) make up about 60 % by volume of the 
meteorite. It is clear that the meteorite underwent 
very high shock pressures and post-shock 
temperatures in most areas. Comparing the shock 
metamorphism intensity of Yanzhuang with other 
shocked chondrites, it appears that Yanzhuang is 
an example of the most severely shocked chon
drites (Xie et aL, 1991). 

The cooling rates of melt phase of the Yanz
huang have been estimated to be very fast; i.e. 
100-400°C/s in the melt veins and 6-30°C/s in the 
melt pockets in the temperature interval 950-
1400<>C/s (Chen et al., 1995). 

6. Na behaviour in the melt phase 

Average H-chondrite and L-chondrite falls 
contain 0.86 wt.% and 0.95 wt.% Na2O respec
tively (Jarosewich, 1990). Na is easily mobilized 
from minerals by vapourization during heating. 
Experimental vapourization of the Holbrook L6 
chondrite showed that Na vapourization occurs at 
800-1250°C (Gooding & Muenow, 1977). How
ever, Na mobilization in shocked and reheated 
meteorites may be affected by some other fac
tors: (1) Pressure and temperature gradients. The 
movement of vapour from hotter to cooler areas 
(Finland, 1975) and from high pressure to low 
pressure areas would result in volatile depletion 
in the hotter and higher pressure areas; (2) Poros
ity of chondrite. Low rock porosity induced by 
shock compression would not be available as a 
mechanism for the mobilization of vapour 
phases; (3) Cooling rate. The rapid cooling or 
quenching of a shocked meteorite would prevent 
loss of most volatiles (Olsen, 1981). 

The shock pressures and post-shock tempera
tures in the brecciated, blackened and partially 
melted areas, as well as the melt phase of Yanz
huang were high enough to release Na from min
erals into the vapour phase. However, not only 
Na but also other volatile non-noble gas elements 
such as Zn, Se and K were not lost from the melt 
phase. Three explanations can be given for the 
Na retention: (1) the melt phase is surrounded by 
the high pressure and high temperature shock 
facies, so both the blackened and partially melted 
areas as well as the brecciated areas had lower 
temperature and pressure gradients and thus the 

Na vapour could not be transported quickly from 
the melt phase to the surrounding areas. (2) shock 
compression reduced the meteorite porosity, 
especially in the severely metamorphosed facies, 
thus preventing most volatile elements in the 
melt phase from mobilization. (3) The cooling 
rates of melt phase of Yanzhuang were very fast 
(6 to 400°C/s). Fast cooling of melt phases 
reduced the mobilization of volatile elements and 
froze these elements into the solid phase. 

Although there is no evident depletion of 
sodium in the melt phase of Yanzhuang, Na re
distribution has taken place. Firstly Na along 
with other volatile elements such as Mn and P 
(or PO43) concentrated into the Fe-Ni-S melt at 
high pressures and high temperatures. During 
rapid cooling, P, on the one hand, was solidified 
in metal dendrites as solid solutions (Chen et al., 
1995); while on the other hand, P, Fe, Mn, and 
Na crystall ized as Fe-Mn and Fe-Mn-Na 
phosphates. Secondly, minor amounts of Na were 
solidified into crystallized low-Ca pyroxene, re
sulting in a slightly enhanced Na-content in the 
pyroxenes. Thirdly, the remaining Na was frozen 
into the silicate melt glass. 

Conclusions 

Four shock facies typical of disequilibrium 
shock effects can be distinguished in the Yanz
huang meteorite. Severely shocked facies includ
ing brecciated areas, blackened and partially 
melted chondritic areas, along with the melt 
phase, make up 60 % by volume of the meteorite. 
This shows that the meteorite underwent very 
high shock pressures (> 30 GPa) and post-shock 
temperatures in most areas, supporting the hy
pothesis that Yanzhuang is one of most severely 
shocked examples of ordinary chondrites. 

There is no evident Na depletion in the melt 
phase of Yanzhuang. In this heavily shocked 
chondrite, reduced rock porosity, lower pressure 
and post-shock temperature gradients between 
melt phase and surrounding shock facies, as well 
as quenching of the melt phase (6-400°C/s), 
could be important factors in preventing loss of 
sodium from the melt phase. 

During the shock event, Na redistribution in 
the melt phase occurred in the following ways: 
(1) Na concentrated into the Fe-Ni-S melt at high 
pressures and high temperatures, forming formed 
Fe-Mn-Na phosphate in metal-troilite eutectic 
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nodules. Due to sodium volatility and fast cool
ing, Fe-Mn-Na phosphate usually occurs in asso
ciation with Fe-Mn phosphate forming mixture 
phase inclusions in troilite. (2) Minor amounts of 
Na were solidified into the recrystallized low-Ca 
pyroxene, resulting in a slightly higher Na con
tent in the pyroxene; (3) Quenching of the melt 
resulted in that part of Na being frozen in the 
silicate melt glass. 

It is concluded that Na behaviour in the shock 
facies of chondrites is an useful indicator in 
u n d e r s t a n d i n g the shock m e t a m o r p h i s m of 
meteorites and the physicochemical conditions 
induced by shock waves. 
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