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Hypervelocity collisions between asteroids, presumably chondritic parent bodies, can cause the shock
metamorphism of rocks and minerals in sphere of action of shock wave. The studies on the shock effects of
rocks and minerals in structures, chemical composition, solidification and ecrystallization characteristies
have great significance in the investigation of evolution of celestial bodies, geology of high pressures and high
temperatures, as well as in material sciences. It is well known that the L group chondrites are more heavily
shocked than H and LL group chondrites, and only detailed systematic petrographic and mineralogical studies
on shock effects in L group chondrites, especially the L6 chondrites, were carried out during the last twenty
of years, but studies on shock effects in H group chondrites are rarely done for the rarity of strongly shocked H
group meteorites.

The Yanzhuang meteorite is a very strongly shocked stony meteorite, which fell on October 31, 1990
in Yanzhuang, Wengyuan County, Guangdong Province, China. Right after the fall of this meteorite, a
group of scientists from the Guangzhou Institute of Geochemistry, Chinese Academy of Sciences ( CAS)
namely, Zhaohui Li, Jingfa Liu and Ruiying Hu, conducted field survey and collection of Yanzhuang
meteorite samples. Five pieces in total weight of 3.5 kg of this meteorite was collected. The largest piece is of
823 g in weight. This meteorite is composed of light—colored severely deformed chondritic host and dark—colored
thick melt veins (up to 1.5 em in width ) and large melt pockets (up to 3 em x4 ¢cm x 2 em in volume ) . This
implies that Yanzhuang meteorite had been subjected to a violent impact event in space.

A group of scientists headed by Professor Xiande Xie in the Guangzhou Institute of Geochemisiry,
CAS, then conducted a series of study on collected samples, especially, Dr. Ming Chen completed his Ph.D
thesis on “Micro—mineralogy and Shock Effects of the Yanzhuang Meteorite” in 1992. Tt was confirmed thal
the Yanzhuang meteorite is a unique chondrite with most abundant shock—induced melt ( more than 30% in
volume ) among all known shock—meli—bearing chondritic meteorites.

The modern micro-mineralogical experimental techniques, including SEM, TEM, EPMA, Raman
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microprobe spectroscopy, instrumental neutron activation analysis, X-ray micro—diffraction analysis, micro—
PIXE analysis and laser ablation ICP-MS, have been used to investigate the mineralogy and the shock effects
of the Yanzhuang chondrite. The micro—structural and micro—morphological characteristics as well as chemical
composition of minerals ( phases ) were studied in detail.

This meteorite was classified as an H6 chondrite on the basis of chemical composition and petrologic features,
and evaluated as a very strongly ( S6 ) shock—metamorphosed meteorite. The mineral constituents of this meteorite
include olivine (40% ) , low—=Ca pyroxene ( 30% ) , clinopyroxene (4% ) , plagioclase (4% ) ,
kamacite ( 10% ) , taenite (4% ) , troilite (6% ) , and small amount of merrillite and chromite.

A shock—induced inhomogeneous temperature—pressure distribution in the Yanzhuang meteorite had led to
different shock effects:

( 1) In the weaker action areas of shock wave (25 ~35 GPa ) : olivine and pyroxene display 4 ~ 5 sets
of planar fractures, high screw dislocation density ( from 10" mm~ 1o 10" mm™) , small size of mosaic blocks

(from 2pm to 20 m) and greater difference in erystallographic orientation between neighboring mosaic
blocks ( from 1° to 10° ) ; plagioclase had partially been transformed into maskelynite; several sets of
Neuman lamellae are observed in kamacite and taenite; mosaicism in troilite is widely spread.

(2) In the stronger action areas of shock wave (45 ~60 GPa) : the brecciated and disorder
structures in olivine and pyroxene grains were produced in the prevailing areas of stretching stress; the solid-
state recrystallization and dislocation climbing of olivine and pyroxene were induced in the areas of higher
temperature; olivine and pyroxene were transformed into diaplectic glass, melt glass and high—pressure phases
in the areas of higher pressures, higher temperatures and fast cooling; kamacite and taenite were partially
quenched into martensite, or partially melted and reerystallized; an extensive melt and recrystallization of
troilite were produced.

(3) In the strongest action areas of shock wave ( >60 GPa ) : the bulk material of chondritic host
was melted, forming dark thick melt veins and large melt pockets which were composed of microlites of
recrystallized olivine and pyroxene, FeNi + FeS eutectic blobs in different forms and sizes, silicate melt
glass and some remained mineral detritus of chondrite; dissociation and vaporization of many kind of minerals
including silicates, FeNi metal and sulfides, took place to a certain extent; the solidified and recrystallized
FeNi metal were mostly quenched into martensite or austenite.

The shock—induced physical and chemical effects and features in the Yanzhuang meteorite are also
presented in the following aspects:

( 1) Natural diaplectic olivine glass and diaplectic pyroxene glass were discovered for the first time in
the naturally shocked Yanzhuang meteorite in 1992. The diaplectic olivine glass was identified by the stronger
Raman frequencies at 1108 em™ and 1180 em™, and the diaplectic pyroxene glass by the weak Raman

frequencies at 816 ~ 840 ¢cm ™.
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(2) As early as in 1992, high—pressure phase minerals including ringwoodite and majorite were found
for the first time in H group chondrites. The ringwoodite in Yanzhuang chondrite occurs in two different forms:
the first is allotriomorphic granular ringwoodite which nucleated and erystallized from diaplectic olivine glass,
and the second is euhedral ringwoodite which crystallized from shock—induced silicate melt. It was found that
back transformation from spinel ( y —phase ) to modified spinel ( B —phase ) , and to olivine took place for
more than 90% ringwoodite after the unloading of shock wave. Majorite in Yanzhuang nucleated and crystallized
from diaplectic pyroxene glass. It was also damaged or transformed back to pyroxene after the unloading of shock
wave.

( 3) It was found that the shock wave can cause the structural deformation and structure reorganization of
some pyroxene and its high—pressure phase. In addition to itself two—bridging Si—0O tetrahedral chain structure,
some complicated combination of Si-0 tetrahedral groups, including the Si-0 tetrahedral with one or four
non—bridging oxygen, as well as fully polymerized Si—0 tetrahedral, were partially produced in some shocked

“pyroxenes” .

(4 ) Condensation of shock—induced erystals of olivine, pyroxene, and troilite, as well as whiskers and
needles of FeNi metal were found in holes or fractures in the Yanzhuang chondrite. A vapor growth model for
FeNi metal whiskers and needles was proposed on the basis of their micro-morphological features.

(5) Extremely large eutectic FeNi + FeS blobs up to 1.1 em in length were observed in shock—induced
silicate melt. In melt veins, three micro—structural and compositional zones and the new “step—type”
distribution pattern of Ni content in FeNi metal dendrites in eutectic blobs were discovered, namely, the zone
A of FeNi metal is composed of microlites and non—crystalline phase firstly solidified in the episode of greater
cooling speed, and subsequently, the zone B of FeNi metal is composed of coarser crystals erystallized due to
the dropping cooling speed; and the zone C of FeNi metal is condensed at last from the remained liquid phase
of metal. In contrast to the three—zone micro—structure of FeNi metal in melt veins, the FeNi metal dendrites in
melt pockets, having greater volume of molten materials, only show two micro—structural zones, zone B and
zone C. They occur in the symmetrical form of crust and nucleus. This implies that the FeNi metal solidified at
lower cooling speed and in symmetrical heat radiation field.

(6) A specific tetra—concentric—ring growth structure was ohserved on the head of FeNi metal dendrites
of various shapes. The development and growth of such growth structure are identical in three dimensional
directions. This growth structure is characterized as being multilayered. The formation, propagation and
interaction of tetra—concentric—ring growth structures in the same layer are responsible for the growth of dendrite
tip and stem, while dendrite side—hranches are grown up at the junction of interaction of coupled tetra—
concentric—ring growth steps between the adjacent two layers. Once independent side—branches are formed,
their stems, tips and side—branches will be developed in the same mechanism of the growth as the tetra—

concentric—ring structures. The repetition of above—described process will result in the formation of an array of
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dendrite.

(7) An assemblage with FeNi metal, troilite, Fe—Mn—Na phosphates and Al-free chromite was
identified in a large FeNi—FeS eutectic blob in the Yanzhuang shock—produced chondritic melt. A few Fe—Mn—
Na phosphate globules have composition of Na—bearing graftonite (Fe.Mn,Na); (PO,),, and the majority of them
corresponds to two phosphate minerals: Mn-bearing galileiite Na (Fe ,Mn), (PO,); and a possible new phosphate
mineral of Na, (Fe,Mn); (PO,),> composition. The elements of P, Na and Mn in these minerals came from the
dissociation of previous minerals, such as merrillite, plagioclase and chromite in chondrite. Chromite in this
assemblage is Al-free which is quite different with that of chromite ( Al,(,=7.98% ) in chondritic mass. The
contents of minor components in this recrystallized chromite, such as MgO, Ca0O, MnO, SiO,, and TiO,,
are also markedly decreased than the chromite in chondrite.

( 8 ) The results of instrumental neutron activation analysis show that a similarity in bulk composition
between shock—induced whole—rock melt and unmelted chondritic rock of Yanzhuang, which suggests in
situ melting and fast cooling of the materials in both melt veins and melt pockets. While the major element
concentrations of olivine, pyroxene, FeNi metal and troilite remain unchanged, some trace elements were
slightly redistributed between these phases. Ga is enriched in the metal; Co, Cr and Zn are enriched in the
sulfide; Cr is enriched in olivine and pyroxene, and Ti is enriched in the plagioclase glass.

(9) LA-ICPMS analyses show the following element redistribution after shock melting of the Yanzhuang
chondrite: (D) The siderophile elements Fe, Ni and Co mainly concentrated in the FeNi metal blobs embedded
in the whole-rock melt phase, while the elements Cr, V. Ti and Mn transferred into pyroxene erystallized
from silicate melt to substitute AI'". (2) The chalcophile elements Cu, Ga and Ph also concentrated in FeNi
metal phase, while the volatile element Zn partly lost upon melting, but it mainly transferred into the micro—
crystalline pyroxene and olivine crystallized from the silicate melt to substitute Fe’*. (3) The lithophile elements
Se, Zr, Nb, and Ta basically enriched in the silicate melt phase, but the differentiation degree of Nb and Ta
is low, and the Nb/Ta ratio of the FeNi metal phase is lower than the silicate melt phase in more than 1 times,
indicating that the activization ability of Nb is higher than Ta upon high P=T melting. (4) The rare earth elements

( REE ) patterns of whole—rock melt and silicate melt phases hold the characteristic feature of Oddo—Harkins
rule, and show the tendency of enrichment of light REE and depletion of heavy REE, but the FeNi metal phase
displays depletion of light REE, and its total REE content is lower than the silicate melt phase in about 3 times.
This indicates that REE, especially the light REE, are enriched in the silicate melt phase. (3 Platinum group
elements are moved to FeNi—metal phase after shock melting.

( 10 ) Quantitative micro—PIXE analysis of FeNi + FeS blobs on an etched section of the Yanzhuang
meteorite shows that the core—crust microstructure of FeNi metal dendrite can be observed in Fe and Ni maps.
The average composition of the metal core is Fe = 91.2% and Ni = 8.77 %, which is equivalent to martensite

85.1% and Ni = 14.3%, which is equivalent to vy —FeNi

composition, and that of the metal crust is Fe
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( taenite ) . The S exists in troilite ( FeS ) with the content of 46%. Cr in hoth metal core and crust is less than
200 pg/g, and in troilite is 600 ~ 1300 pg/e. Cu, Zn and Se seem to distribute in troilite but Ge is in the
metal core. About 200 pg/g Se is in the troilite and 70 pg/g Ge in the metal core.

( 11) Two special thermo—luminescence ( TL ) phenomena were found in the Yanzhuang meteorite
through the determination of the natural TL, annealed TL and induced TL by B —radiation: (1) when the
Yanzhuang sample was annealed at temperature up to 500°C, the TL peak induced by B —rays shifted to lower
temperature with the increasing of irradiation dose; (2) when the annealed temperature is greater than 600°C.
the TL peak temperature of the annealed sample was higher than that of the unannealed sample. This implies
that the shock effect could change the TL characteristics of a chondrite. The measured equivalent B —dose for
the melted and unmelted parts are 9238 Gy and 25753 Gy, respectively, showing that the thermal event ages
for the two phases in the Yanzhuang meteorite are not equal, and their thermal histories are not the same,
either.

( 12) It was found that the shock effects of four different phases in Yanzhuang, namely, shock melt
and recrystallized phase (M) , very strongly shocked phase (S6) , strongly shocked phase (S5) , and
moderately shocked phase (S4) , can be compared with those of the Jilin ( HS ) chondrite experimentally
shock—loaded from 12 to 133 GPa. However, the P=T conditions for the typical shock effects observed in
experimentally shock—loaded samples may not be consistent with those for the similar effects observed in
naturally shocked meteorites. This is because the big difference in pressure retaining time between them.

The Yanzhuang chondrite was spalled off its parent body in a collision event between two asteroids at 2.6
Ma ago. The estimated speed of the impact was about 7 ~ 8 km/s. The shock peak pressure acted on Yanzhuang
was estimated as >60 GPa and the shock peak temperature 2000°C.. Based on the studies in the shock effects
of rocks and minerals, it was assumed that the Yanzhuang chondrite is really a most heavily shocked ordinary
H group chondrite ever found and it contains most abundant shock induced melt among all known shock—melt—

bearing chondritic meteorites.



2.1
2.2
2.3
24
2.5

=R

*@ifﬁ ................................................................................................................. 2

ﬂﬁaﬁrﬁ: .......................................................................................................... 2

i%ﬁ‘{ﬁ ........................................................................................................... 3
131 BLEMAFFNE T BIAL v 3
1.3.2 51‘3#?5“{{’,%’[, (SEM ) _X%éiélﬁ'l%ﬁ\#ﬁ' (EIDS ) srrrerrrersemseeeeee sttt 3
1.3.3 %.3’-;}{4—.'./7]\7}}]— ( EPMA) ............................................................................... 4
1.3.4 lﬁ*ﬁﬁ"’%%’{’f]\#ﬁ' (TEIM ) s reeeme e e ettt ettt e s s 4
1.3.5 /ﬁ)ﬁﬁ%‘%iﬁ'l%‘/ﬁ\*ﬁ’ (LATRADM ) vrrrmemmms ettt 4
1.3.6 SMXETEFITHBALGH (MXRID ) cvereversemmemsomn i e s s e 4
19T BB FAEARAE [IINBJL ) oo v s oouoms v s o same ¢ s £iomis & s S o = e < e + 4
138 ST ESXEE LS OM (PIXE ) +ooeeeererererermmmnms i 5
139 BAERE FREFIEON (LA-TCP—MS ) «rrereervrscrseesssonmtummesssnsume s sssvismmm s 5

) ]2 8 SEROGE—MRGEA

BTS¢ v e € it o s i it £t X S R X S 7 K¢ § AN o 8 S 8
P RO — 9
ey o O RO —— 10
B B« 1 o i ¢ s € o' L o 0 R S L B VR 8 11



2 \EEHE:W%?@WEEE

Yanzhuang Meteorite ;
Mineralogy and Shock Metamorphism

D6 BPUTTHIANE e e 20

2.7 fﬁﬁff\“ﬁ&&?ﬁqﬁj—gjﬁ%@fggm .............................................................................. 21
2.8 /]\{5;13: ............................................................................................................... 22

BT BT 153 1093 FE0S 33 i 25 i § A e » < s B A RIS S S SRS WS T RS S0 26
L1 P 26
3.3 %ﬁ;{ﬁéi‘ﬂg ...................................................................................................... 27
3.4 {j%*nﬁlﬁq ............................ - AVimie = WA ¥ AfaduTe s SaTeiele & aieseiern = OEuSIn & alaiaieTe W Ciatale § WNTateT N stelare s siaTelete ¥ aricae s Viaratatsol ¥ 28
3.4 ;Hiﬁi/g ...................................................................................................... 28
342 HET cwveveenr et e e e e e e 29
3.5 m{h%%ﬁ:{t ................................................................................................... 209
3.6 [-&I‘jﬁt_‘}?ﬂ’l‘i ......................................................................................................... 31
3.6.0 EEHEI (Diaplectic glass ) «orrereoresmrse s 31
BAD  E BT o wemen cnonm s omen s s s o s s ¢ e s s R LRSS SO SEETE S § B § S HENRY £ 3
363 L éﬁ#%?*f{j%—é’é?ﬂj .................................................................................... 34
3.7 ﬁﬁiéﬁ% *n*ﬁl‘ﬂ*ﬁ%ﬂﬁéﬁ% ................... G e e e E NS b aele § N elee e § aEete s b s ke ¢ A e ¥ elelals S e o 35
SR e R R TR wovs s « votors s oo  cnes v e ¥ R T TS 5 AR G S 28R 37
B0 ZNEER e x vvmae s oo v ovwes vemvn s in s sy » S ¢ ¥R ¥ SR A4 ISR § HENGS T SR § RIS § AT 6 4 § SHRRE ¥ 00 § AETES 5 38

4.1 *Eﬂi}i ............................................................................................................... 42
4.2 %Hﬂiﬁ%ﬂ%ﬂ‘ﬁﬁ?&%ﬂ ....................................................................................... 42

421 54’&7}‘1[!)&/65:}5}]7](7?”}5-5)% ................................................................................ 42

4292 {f.\élﬁ)ﬁ’ft-#héfﬂﬂﬁ .......................................................................................... 43
43 %Hljd:ﬂ%ﬁ%ﬁgﬁﬁ%éﬂbk ....................................................................................... 44
4.4 Mqﬂ%%ﬂgﬁb%}ﬁ{h%ﬁf%ﬂi .................................................................................... 47
45 .kgﬂﬂ($[].k§ﬂ% E(J}f/jbk%ﬁ: ....................................................................................... 48

4.6 /]\é% ............................................................................................................... 49



BHx
g 5 = K (I DAY R OSBRI R T
5.1 1:%:@ ............................................................................................................... 32
52 MK TR B RERRER T TR - ooee e rvemreomeee s sns s s s s 52
53 (;Pﬂ:‘}{"ﬁgqqﬁm h}ﬂz}%ﬁfﬁtﬁt .............................................................................. 55
5.4 {,:P:ILG_[“M;;:P;E};@; Ef%ﬁfﬂlf%ﬂ’lﬁiﬁ ..................................................................... 55
55 ﬁﬂ&fﬁéﬁﬁaﬁiﬁiﬁﬁfﬁf%%Iﬂﬂﬁﬁz\ﬁmﬁﬁiﬁﬁ‘ ......................................................... 50
5.6 N e 60
#| 6B BHERODEZAXT &M
61 ﬁlj)ﬁiﬁ ............................................................................................................... 64
6.2 }'L{”*HFIJI%EPB/]/EM:EEE@E“% .............................................................................. 64
.21 A e 65
6.2.2 FeNl }% .................................................................................................. 66
.23 ATGABHE Fo v v v e rem e e e e 67
6.3 ﬂ.*ﬁgnﬂﬂw‘%ﬁ/‘]ﬁk[—]ﬁhb .................................................................................... 68
B4 7 N e 69
T 7 8 SE-IRIRERE SRR A RS AR
7.1 *EE?E ............................................................................................................... 72
72 FeNid BBk T BT ASRRAE v vveeresrerrernvosssursssomns ssumessanns ssmnes sommessnsn i oans 72
721 BA A B — ARl Ek AR HL e 72
722 BRI B AR AR A R B A e 76
723 Z—%’J—UJ'H}K/\E%E@F?E ;}:/—Jé/-‘,/\j'% 5)5‘4&}%&;&{4;@** .............................................. 76
73 Eﬁ:l}éﬂfﬂﬂﬁﬁﬂﬂﬂﬂq: TEFJ’J@'JKEEH/\%IJ ?E’]ﬁ‘%‘ ...................................................... 77
731 AR S A R] BB B T TE GG I B e =t
732 EIARAERAE B J e 79
7.4 {p']ﬂ_:l Mgﬂ»’ {/\{ﬁﬁ ’H:*[IIEHJCH—’JEE ........................................................................... 80

7.5 /J N e et e e s s s s ]2



EERA: FMFSPEER

Yanzhuang Meteorite;
Mineralogy and Shock Metamorphism

%8 8 RAMEKIMFeNEEIINEIGH S

8.1 *E;EPE ............................................................................................................... 86
8.2 '}&ﬁﬂJK%ﬂ‘k?}ﬁ%‘PFeNé}@E@%ZIS?%EWZ’(FE#( ............................................................... 86
8.3 KT FeNIZ B B PR ULE R -+ veeererrreress s st e sttt 87
8.4 I FONIZ B PATI UL RA v vveveeeresesssnsiniss ettt e e 90
8.5 4 B P B L K I TIEATLIHL -+ v veee e et ettt 93
B /N et 04

M Q& RSIERINEREHFFEERSERINE

QUL BB v 5 w0 5 5 64t § SRS Rt i 3 5 i 1 s i 3 e § Y 3 T R R RO 8 GRS LTS Y 8 R 98
GrD, BB T FITIRES I 155 5405 ¥ taivas ncisnn s v ¢ Smais s siime o iwaies ¢ moie o Emeins #HRt ' £ 5 B 3 ¥k 8 KA @ Ee 8 P 08
0.3 FeNi & RBAEE BT ES UG - oo eeeee et 08
BB T B e + v wouie s i i » s i s i S R s % SR Bl Wi E SR G 99
R o T 7N S LT R T LT O P PO 100
G35 B Brn [B] i BIIE Ry - vune» oo wmrn s oo sin s i g an ¢ s € e s N S ST AR D R 100
O34 S0 0T 5] WS B <o » oo wmmss ¢ oo i s e e K 8 0§ RS RIS SV £ § e 6 100
G55 B R B s B <o = s cnt ¢ i o ks £ € e Yt S S S SR S PSR § O K 101
04  FeNie B BRI BT -« owven o « wmen sarson s s s v ivaios smeas s ' sarowrs s i 8BS0 64993 8 GRTF1 ¥ 5 101
QT FRAE - - oo s wom s amtoon s 4 s e § S e S S § S S § RS ST Y SRS EREP ¥ RS £ 101
B 4.Z B e oo meons wsins = e o ¢ s s £ S S g KBS SRS ¥ WS YR ¥ AN S £ YRS RS § S o3 102
0.5 BRI LB Lt M B ARG ) v ovvs o wrres eswn s nonss pousn o exais wuvers s o 3 a3 s ssmes s s s s 22 103
ol I e ¢ s s s warsws g wmns o 4 wemyn £ VY Y ERESY § RIS RYSSH § FEAES RS § SASEN ERERS £UKEH T KT SHNER A HEHER RS 104

M 10 & ASMERDFFe-Mn-Na iR EhEl A B ik

TO0 R -« emn e oo x s i s s » e ot st s s B S § S SAVAR YT § S € S L HEETS 4 CER S b 108
10.2  FEEEREFR P B Fe—Mn—NaRSatb i BIHEIR - ooerervmmrmim i 108
103 i EER i1 B A BB A IR -+ e vvvrerererm et 109
1030 1% B P BB MR g weer s sowes sovms s sosies 5559 5 56554 23565 o 080 § o650 o 935 ¥ 6 Keks 8 5084 § Hirm 109
10.3.2 15 A4 P aIFe—Mn—NaBEBR 2 N ER FRAFAE o ovvrerer 13

10.3.3 15 HF P Fe—Mn—NaBig 25 s FRAGIL LI RR <+ vvvr v 117



103.4 15 H % PFe—Mn—NaBbiL 2 /N IRAGIE B Fofh-oovvreeees T ——— 119
1058 BN e A Bl sovmmvesmsiom sy AR TR A Y A ST 121
10.4 l%[ﬂj*ﬁrﬁﬁ{]%%%ﬁ%ﬁr ................................................................................... 123
1041 1H I T BT T BB E - ooen i s s s wa e s i s bk 4 s 0 S § S8 S 5 124
T R e R o O Ly O P 125
1043 15 AT FABABEE H G35 B gl o oeeereerrrererrrrrrrrerer e ettt 125
105 4B+ BBk+ Fe-Mn-NaBiah+ AR HBR D L A BORUR oo voerereeeeennssecenenn 5
R ST U ————— Y S S . 128

NI o T T PRI DU S——TT TN TTEPEY Y TR W 132
11.2 PR B S AL AT 2 - e e rv e r s 132
11.3 SRR B B b T ER AR PRI = vvnesosmssrnonsonnmnsuvonsonuns nusnns sason s s s somon sume s omsn s sans 134
114 SRR TS BRI R AR 3 S wvwevvonia svommssmams vanus s adons fusns s Bumis s s § 8004 S50 s emnbe d5e 137
11.5 PR BB R A E 2L e eeveer e 138
11.6 S EPR A AL B R B AR AT 2 L v vevreemrmm sttt 141
117 ZJVEE v vomvn sumuan s csvses sra s nses e sne s s e e S e EE VNS S S ey Shwas S 144

120 FEER vvvvrewnm s viwss camme s snse s s e b S S R S S S 148
125 BEERFAIHTILE -+ <ennnvwenn swom s s s i s rems o i €7t i 65 S5 45 4 S 148
1908 GHEEEEEL woire oo bmomivawvomasomars s mioiinm s 3o v b i S N S s e ST GRS i 148
(231 BB ETTEF - cocveevorssommssrenssomamssonan s vvus s vuvas sesans vamse svaws svws s 4 150
1232 BBERABEIAST oot s st e sasvs sses s syns o 151
12.3.3 FeNlé&ﬁi%i%/&\% .............................................................................. 153
12.4  BRAA MBS TC R BT AMECARHE < - v rrerrmr e 153
TBAA  FEBE IR oomonrmmusnm s evmes e asins 08 53 505010 0 3 - P B SN S R 153
1282 SR covervrrontonnnn st sense sesmnsnius e e s e aa SR e S SRS SR S 9 AR AR 154
TRAS BT somswo o smunes e e R N P N A S B e 155
1BAA T T T vnvr cvmomesnoony s issns ns sy sy 5 ansae s e S U eSS F S GRS FR S RS SRS S S 156

1245 ééﬁ-‘ﬁif..'-%‘ ................................................................................................ 156



