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4.2. CamopogHi Bosibpam i cpibno

Péfi. 4.2. BSE-CT4daeATTy RAITOTATTAT

3TAATTIO @808 6Tiadeda Eoeiea a—
TT06%Taa 6TTa0a ¢ 120a68aeT & eocucal e
(4%8), UT Tofoyol A68p=ATTy AT TOT
AT ATEUO0AT6 (0AT TT-iP04 — feE%eane);
4 — Tafa ¢ 120263380 G68ITE % AAITOTA-

el aTeuddaiTi (&%) oa -eéfnedrieie

aesp+afiyie *Toéd 1°140aé%; 1T Tade-
0403, eoslée * a fiée3gacad (~ToTd) oTTace

Toedans 3%adTenesae cassca; i*dad — éaia-
€0, NA*0ET-384 — 041%0; 4 — aéep-aiiy
AITOTATTAT aTEUO8a16 (43%€d), yés aTgis-
Qopouny Ta T3eO0acTaé Tax® édefioas’a
GOT1%00 (+TOT3) 3 041200 (A30ET-M%03), & 0aéTae anadase 13 éaianeod (i*dd)
Fig. 4.2. SEI image of a native tungsten in reflected electrons in the Krymka polished section:
a — a porphyritic chondrule with metal globules (white), which contain the native tungsten
inclusions (dark gray — silicates); & — one of the metal globules with native tungsten (white)
and numerous inclusions of other minerals. Iron hydroxides are developed along a periphery of
the globule and within the chondrule silicates (black). Gray — kamacite, light gray — taenite;
& — the native tungsten inclusions (white), which are located on an interface boundary of the
chromite crystals (black) and taenite (light gray), as well as inside of a kamacite (gray)
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PO3A1N 4 J[OCOHAYHI MiHEpPaIM Ta MiHEPa/IM CYMHIBHOIO KOCMIYHOTO NOXOOXKEHHS

0 28303 dr1adeoa
a6e > ¢ ||6|ae|e||p,
aT Ne%aea;
é— casiT ﬁ‘a‘lTéTa T 93463 08C1e T3 Fe,Ni,S-3338Téfe4%3; 4 — TEda s ¢asia 3

aa1a0e01

Défi. 4.3. BSE- * SEI-CTadaeai iy ﬁ‘
Eéelea a— |aoae noeuo3a|a TéTé

63aea a |"|‘é36’|‘é‘a

éa (&% 4d), yeé? argitibpoiny nadaa aasTene-

&% 1a am é n03|eao 1 +afioeis glaéaaeal iy aa+eiT olaékieé 3&T-
T1T001e€é éoefvcaé éToot1ad (aea. nooeé ); 4 — TeanoéT+ancd cAdiTT NATTOTATTAT fd*4ca
(na3oe| 383) ¢3 fieaaie Teanoe+iT; aa0TO1a6% Nadaa Fe,Ni,S-a%a8Téneasa; a4 — cadiT fa-

TTOTATTAT f18%46a, OTATA YETAT Aeecliéa AT 8043+1T;; & — A6TA0eydTa E6eITO08a aa8adand

AT TOTATTAT N&%4ca (cAlelmaia 4%y Téa ATecd denoTéa a)
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4.2. CamopogHi Bosibpam i cpibno

15704 0a6°TTaa TyiTeoe
43EA0THOAE T10P 3 4TEOAT -
BATTY 8% 3T@e0 06 1o, ©
2623688 @8T 2046 6 ¢ 6l
403 TOTAAAATEE ATARD 516BAT6
& *T@ed 6T14030 14 AT
6TTa0e. Ta ®aél, 1 & nait-
STATTAT ATEUOBA16 case@a® 1%
61 T°aTT ETAT &7l 406641
403 a8yasATeé 6 05° TTasTp,
OT © aameeact fasaai TOTOAR
AGATOTAGAT TV TTEOTAAT

co0.auéocmi ma npupoda camopoonozo cpibaa. W3eaT140-
féor+-ariy (NATATaréT, 2010) ciaéaait
3 I'Toad 3 odtieiad Fe,Ni,S-3a0T-
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Fig. 4.3. BSE and SEI (& &) images of a native silver in a polished section of the Krymka
chondrite: a — metal-sulfide rim (light gray) of a porphyritic chondrule with a cavity, in weathe-
ring products of which (left, arrow) the nattive silver grains are located; a — the native silver
grain (white) in a crack of the Fe,Ni,S-hydroxides; & — separate grains and dendritic clusters of
the native silver (white), which are arranged among the hydroxides at a bottom and walls of the
cavity. A rare euhedral crystal of corrundum (arrow) is disposed below of the image; & — the
native silver plate grain (light gray) with signes of plastic deformation within the Fe,Ni,S-hyd-
roxides; & — the native silver grain with a shape close to cubic; & — a globular sculpture of the
native silver aggregate (enlarged area below fig. 4.3, &)
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PO3A1N 4 J[OCOHAYHI MiHEpPaIM Ta MiHEPa/IM CYMHIBHOIO KOCMIYHOTO NOXOOXKEHHS

befi. 4.4. SEI-cTadazaiiy OTcédefioasscT-
ATTaT 23035200 RATTOTATTAT fd%aéa (%4,
A%0ET-M%04) (aéa. def. 4.3, ), aeTaocee
YETAT +4da¢ 10 8Té%a T%iey TadaT; Nads
4TNE3a:ed Tl Tadoee Téanoe r+anoT, oToie
Fig. 4.4. SEIl image of a recrystallized ag-
gregate of the native silver (white, light gray)
(fig. 4.3, &), globules which 10 years after
the first series of studies have acquired a
lamellar shape
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038Te Y& ATATIYy+T&é 1371a0as, 63
T3+1T 4ea%AaTeé 3¢ TORT%0eATT, d4-
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40&0a Edeiéa (Nittler et al., 2008).
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PO3AIN 5

YAOAPHO-METAMOP®IYHE
NMEPETBOPEHHA METEOPUTA
KPUMKA

T36%T 3%TT; 3TOaTH

Ta 3arTaaer i i

adede (Stoffler et al., 1988, 1991). OTTade0 Edeiéa Taa-

5 TaaTu TOST0SATEd 6TTA580%, AEaNCOWT y
1

S3 (MEaaT 64a0TTT1a0a1TOOCTaaTéé), UT a%arTa%aac 64aad

r al-
3e0a Ta 4eYAeypol TcTaé 63ABTTAT TA0ATTOOKT6, 4%Uefol ¢ Te6 T30y
~SRBATT® 63A5T° TOEETA0e, UIT 4eacopol Ta 3T0a04d8 08fié6 25—45 ATa (ca
61Tae TAITOSNOT, B8:TAETe) * cABeweTAl 041 14540080 4 63T 0 T4 &%l Ve

N eie yie at : 8

é i3 ' a a QEES

ATNeol E0E0eT; AAcOTTAATAT, NeE3a0T T, da+TaeTe A%ATTAOTAATT Ta 1TTAdd0-
3 ¢8AT 0 3TACA%H0ABUTTAT ¢oacéa T1a04Td&0a Edeiéa 1290/29, UT 1Mool 0a-
&Te A046en0s enaiTe’oe Grl—Gr7. O TTEdTaaTed ze30ad a%6yiTée dTcioTi
a% 2 4T 15 11 1apol aédTaxaid 1aTdadeelid 6T1o10, aed06¢T3 Taees 3 fiééa-
aapoufy ¢ aaTo a%aisii1ed ca f0d0e06dTp +afoeT — TTaT3f0p Ta0ATeadearTar
yada 0a +afoeTAT TAdATEaaca T, TAdAGATT; ¢TTe.

Ilepenaasaeni diaanku T1apol TTAATO 4T TTOO30TAed 0Tiad 1adTaoce+io

S

A4T neaeadot ) TE33310, 6%aésnied Na-asared -
oTénara (AT 120 20 1é1), TTTaéiiéed éddTied T1a0aé-001;83%0Taed ¢adar
(AT 1,5 21771), yé® Tapol Ti38+af00 a4T adTadeoid acatao (oéen. 5.1, 4, a),
a 0aéTe TOEOTaalTédefvaes+TTaT TAagThoaceno 3¢ noaisédTiifeie cadiaie
T3OTENATa, TE¥A3T0 3 Tead’Téeaco.

Neéeaa Teast ao 3

6 CH3TPOOURY yé A% cAdTa AT caAdTa, 048 ® A 1Amad cAdAT
(0346. 5.1), 5T+a 4 5% Ted TASATEAABATES 4%y T8a0 1 AATTY

i
a8%. TTOATYIT ¢ T¢
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PO341N 5 YpapHo-meTamopdiyHe nepeTBOpPeHHs MmeTeoputa Kpumka

Kinbkicts a”anisis, %

0 10 20 30 40
Fa, % (Moi. yactka)

péf. 5.2. Ai%fi0 Oaye0TATAT eT
2005): & — TATTafa +afioeTa ot

IT 1a 41300 OayenTaTaAT ETIT

TTTAT0A & TERT® 6TT1a0&0a EdeTéa (Semenenko, Perron,
46e0a (103 ésenocage; aisno Fe (%, ca TafTp) TadadadTaa-
102 (%, 1TE. +aN0ea) &%ATTAATT &T fM0dd’T14a06% (Dodd
13 &%yiée oTTadeoa (93 édefnovaée); 00e édefivace ¢
at0a 8TCT3U0POURY 6 Ta0a8-08T;830TATIO ¢AdT3
Fig. 5.2. The Fa-contents of olivine in the Krymka chondrite (Semenenko, Perron, 2005): & —
in the Krymka host (103 crystals; Fe wt. % was changed to Fa mol. % assuming stoichiometry
from Dodd et al., 1967); a — in the Krymka shock-melted regions (93 crystals). The three crys-
tals with the highest Fa content are located within & metal-troilite grain

=) @
-\ Do

T 4026-08T,8%0T8° ¢AdTA STCISLIOPOINY Ta TAGEOAY, TAGATEAABATES &
; g are

€ caddadee +306° Tclaée €%@aans, 1a0ae-noeludaiTalT dT¢réaad.
]

eéyiTe, ari

o181 ca0aT Tédodaca adT TaToadeeuTa, N0d0e00da — aaTadéoia aaT eTi3s-

+afoa (aea. den. 5.1, 4, &; 5.4, a). DT¢I%0 13026340 4aTade0%a 6 08T E30% a3a-

TTA%Ha° <10 100 181, éTidTé — <40 40 iéi. ATié 0adaeoddecopouny

TI0 a13%i0 13€aép aad’p° a
é

1
CTTAGUTT ACATATD ° f&asapouiy ¢ yasa, a ye

T42a0 11,5—19 %, ° cAA%A+4TT, 1904841 TaTETTee. Nesaa yaid TTa%areé ar
12008 THCOTATAT, 0T+a Ta00ATAGOTAG 0B0E0086 T4 ASYAEATT Taa%0l 0 TATOdAA-
6ATE0 T90a6TT ¢aceas. TAA%ioeé AT%M0 13648 4 TATETTED, 4THeol 0T -

880 A8y TOROSCPETEs AeTBpaati, AATTA%AC 238 % (ca 1afTp). ET&a800
i

ayaTeé a Of6 cAdTab 140ass, OTAOTO — 6 ABUGTHO® ¢ Ted (0a4s. 5.2;
3&f. 5.5, 5.6). DTCITA% 6TAa8006 1aéed TATTOATEé — 0,83—0,96 %, ca Ta-
AT (8efi. 5.5), a ETTOATOBa6Y OTAOTS6 © CIdTiTh (8ef. 5.6). Eéwd a

IT16 CAOT3 AN%M0 6TAABU06 C3TPOOURY A% 1,8 AT 5 %, ca WaATp, A1%i0
AOTO6 — Tem-a 1@ aeyasariy. LA Tafa 12046343 6TH3%58a 4 0T16 fa-
0

5 T13026-08T;E%0TATI0 cad T3 0adaéoadecoColiy 1aaetiaiTp &TT10aT08a0%°p
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PO3.41N 5 YpapHo-meTamopdiyHe nepeTBOpeHHs meTeopuTta Kpumka

A~ Q9 ~x

Oaagesy 5.1. 0cic:1eé féeaa (%, ca TaiTp) fAee%eas, TacTioaceno 0a 63TT%00 4 6AAdTT-TA04
Table 5.1. Chemical composition (wt. %) obtained by electron microprobe of silicates, mesostasis and

ETITT- TesaeT & 14¢Tioacerd T T & T4086-08T(6%0° TOTeRaT
rato 1 4° (85) fi&d3a 1 T4 (3) fi&d3a 1 T 4@° (4) fi&d3a 1o
Sio, 36,4—40,6 39,3 34,9—36,3 35,5 52,7—54,5 53,8
Tio, T.4—0,08 0,04 T.4—0,09 0,04 0,09—0,19 0,13
ALO, 1.4—0,16 0,04 1.4—0,09 0,04 0,42—0,92 0,61
Cr,0, 1.4—0,86 0,42 0,11—0,31 0,23 1,50—2,00 1,79
V,0, I.a 0,05 I.a 0,05 T.a 0,05
Fe,O,
FeO 9,39—26,7 14,2 30,2—34,0 32,2 12,8—13,5 13,1
MnO 0,14—0,87 0,31 0,38—0,53 0,46 0,71—0,98 0,82
MgO 36,0—50,7 45,9 29,6—32,3 30,8 24,1—27,9 26,0
CaO 1.a4—0,28 0,12 1.4—0,28 0,12 1,92—4,83 3,27
Na,O I.4—0,07 0,04 1.4—0,07 0,05 1.4—0,34 0,16
K,O 1.4—0,05 <0,03 I.a <0,03 I.4—0,05 <0,03
P,O; I.a—0,20 0,05 0,14—0,90 0,44 I.a—0,12 0,06
N6ia 100,4 99,8 99,9
Fa 9,5—27,7 15,2 34,6—39,0 37,3
En 68,1—75,6 71,8
Fs 20,6—22,8 21,6
Wo 3,7—9,8 6,5
Tdei308a. O a0eead A8acATT 8%U8%00 aTae%?a. T. 4. — Tem+d J%TY aecTa+aniy.

1 Ofi* 6OTH%0€ ¢TadTayouny & 1480a8-00T;830TAe0 cadTad.

2 PTgdadTaaieé aiso.

Note. The number of analysis is in brackets; T. &. is not determined.
L All chromites are located within the metal-troilite grains.

2 Calculated contents.

Oaaseoy 5.2. Osisieé fiéeaa (%, ca 1afTp) 1°638eNM0TAT cae’ca 3 08T;£%0 & 64adTT-Tada-
TEaaeaiesd aeyiead 6Tiadeoa Edeiéa, aéciarareé 1a 13@a1¢Tias (Semenenko, Perron, 2005)
Table 5.2. Chemical composition (wt. %) obtained by electron microprobe of nickel iron and
troilite within the shock-melted regions of the Krymka chondrite (Semenenko, Perron, 2005)

CagxT .
08T;8%
Aegian TeCUeT I*648eM04 AeATET 30488104
1 &3 (75) fadaa e 8% (9) fadaa e 1 4% (20) fi&d84 1

Fe 78,9—88,2 84,5 47,3—78,5 64,5 58,1—62,8 61,3
Ni 11,5—19,0 14,2 19,9—51,3 34,1 0,05—4,18 1,10
Co 0,83—5,03 1,08 0,63—1,01 0,89 0,08—0,25 0,16
Cu I.a—0,07 0,05 1.a—0,17 0,07 1.a—0,20 0,08
Cr I.a—0,12 <0,02 1.a4—0,03 <0,02 T.4.—0,08 <0,03
P 1.a—0,72 0,40 1.a—0,61 0,20 I.4—0,93 0,07
S I.a—2,07 0,14 1.a—0,70 0,30 35,9—39,7 38,0
NéTa 100,3 100,1 100,7

Toei308a. O 402Ea0 AGACATT &%(8%M0l aTae33a; 1. A, — Tee+a B%ATY AécTa+anTy.
* 0,93, yEUIT T4 4da0e 4T 63adé 5 aTae’c’a 4aT0 AeNTETETAABU0TASD CAdAT.

Note. The number of analysis is in brackets; T. &. is not determined.

* 0,93 when not taking into account 5 analyses of 2 Co-rich grains.
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PO3.41N 5 YpapHo-meTamopdiyHe nepeTBOpeHHs meTeopuTta Kpumka

TeAABATe0 A%y Tead dTiadcoa EdeTea, aécia+afeé Ta 138dT¢Tia’ (Semenenko, Perron, 2005)
chromites within the shock-melted regions of the Krymka chondrite (Semenenko, Perron, 2005)

T a¢Tioacer 0BT 0876 1* OBTI20 0876 2

Taa@e (17) 388410 T4@e (21) 4884 T T4@ (4) 388410
46,7—75,1 58,3 I.a—0,35 0,09 1.a4—0,16 0,10
0,14—0,46 0,34 I.4—0,22 0,10 1.4—0,11 0,06
2,66—12,9 6,85 I.a 0,04 1.4 0,04
1.a—1,78 0,58 62,0—65,7 63,8 61,6—62,2 62,0
I.a 0,05 0,24—0,91 0,56 0,34—0,62 0,47
1,18—5,04 2,88 4,28—5,10 4,54
3,62—20,7 15,6 30,4—31,2 30,9 30,0—30,9 30,4
0,18—0,83 0,45 0,36—0,77 0,55 0,42—0,63 0,52
0,93—28,3 9,40 1.4—0,40 0,09 1.4—0,54 0,32
0,68—9,56 5,34 I.a <0,03 I.a—0,05 <0,03
0,31—4,33 1,33 I.4—0,08 0,04 1.4—0,06 0,04
0,18—1,47 0,44 I.a <0,03 1.4 <0,03
I.a—1,65 0,36 1.4—0,08 0,05 1.a—0,24 0,08
99,1 99,1 98,5

6T4a8006 (1,2 %, ca TafTp) 3 T4 1%0&d
6T1%06a0 RoaTTadol 13,3—17,1 %, ca 1afTh.
(30,7—51,3 %, ca TafTp) STCI%STI <4 4 1&1 3TciU6poify

Aayéed T1a0ae-0dT;630Taed cadar.
T46

c
-/

O

=t

(o))

ox

@)

p)

Tl

w

=t

-\ O

-

W

(o))

Q.

(D:

- O:T

€aaT1 Fe,Ni-130a60 aéaeart

Ca W3TadaeTa=Teie Th & 3 fie
483 08T T1A036-00TE0TASH CA0AT. N0O6E06da TAODTAT 0876 (3ef. 5.7, a)
TTAATA 4T f0508005e TA0AE-03TE0TASD CAOAT 6 OTTade0° Ramsdorf, yeeé
cacTaA TOATAGATTAT 0AASTTAT 120A1TOO%T6 (Begemann, Wlotzka, 1969).
Nesaa 120263486 Y440 (TOBSTATT AT 003ABAT 1Y) CTAGTASOURY A 1 4eedd 11,5—
15,0 % Ni 3 0,19—0,70 % D (ca TARTP) ? 520280ABECO°0UAY & O%TT6 TTCE0SA-
iTh 6T686y6°p 1ea6i—OTROTO (AeA. 38f. 5.6, &). T OTOA TTA8ECo TADEOA-
3% TI%Te ¢? cABUBATTYT A1%100 13646 6TTOATO50Y OTAOTIO C14T@6-
opifty 4T 0,1 %, ca TafiTp. Wfey 0038631 1y TTE3TAATTAT ©6°0a 14 TTAAS6T
Fe,Ni- 1480286 ¢'yadeefi TAATTISSIT OTCITAATS AGATRSTI T TToTeieTe,
T56384 3 TOYITE00TA OTOTA Yéed canala-~6° TAYATHOU A00a+ATEd 6 TOTOAM
feeaa ¢ 11,2—12,6 %, ca T1aiTp, Ni 2 0,19—0,43 % P. OTAOTS, I TASIT, 13-
0SOUAY & DARGATIG OTC+E T2 OBT(E% 6 65 cAdTad 13080l CI3TT0 eTTOAT0dA-

O%p T3@aep ¢ aTisToaariyi 0O a%aracTis 0,6—1,2 %, ca 1aiTp (0ade. 5.2) 3
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Fa, % (mo:. yacTka)

40

péf. 5.3. OddTae ¢Tiasi-
7e0 éoefioaga Teda316 oTi-
40e0a Ede1éa (Semenenko,
Perron, 2005) (ai%fio éTi-
TTTAi0%a 6 064i0d® oa f1a
Ta0e04ad% ETeiTiT édefi-
0aga ¢’earard oaéei +eill,
UT aéacopol 1aroyiTé a3
047080 4T Tade0ad’): a —
CaO-Fa 6 T1006%0Taed Tés-
a3iTae0 oT1ad0ad 0evd Il a
TATTATé +afioe i3 6Tiaceoa
¢a aareie (Radomsky, He-
wins, 1990); &—4 — & 6aao-
TT-Ta0aTEaacaTed &% yi-
830 OTTade0d. Aséiesiol
éoenoaesa Te3acio 1a° Toy-
10 cTTaéursfiol &arTasaiT
aT coTfioal Ty 413106 Oayés-
Cr,0; 6a MnO &% 0arodo
AT TAOe0A4d3,. Tael ¢ 43T
éoefodagsa, uT Tapol ¢at-
OT016 Fa-¢TTaéuisfiou, oTe-
T306°00Ay & Ta0ae-08T;e3-
OTAT10 ¢adT13 (@00edTaa &3-
%)

Fig. 5.3. Olivine zoning trends in the Krymka chondrite (Semenenko, Perron, 2005) (compo-
nent content at the center and edge of each crystal are joined by an arrow pointing from the
center to edge): a — CaO-Fa in the type Il porphyritic olivine chondrules of the Krymka host
(Radomsky and Hewins, 1990); a—& — in the Krymka shock-melted regions. Most olivine crys-
tals are normally zoned with Fa, CaO, Cr,0;, and MnO increasing from core to edge. One of
the two crystals with reverse Fa zoning is located within a metal-troilite grain (dashed line)
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Deéf. 5.4. BSE-GTa8axaTTy 13a0a6-08T,630T-
ATAT cadTa AG0ATAT 08T6 A 062adTT-Tada-
TEAABAT3é A%6yT0% 4 TTEdTAATTIO @e30d
oTT40@04 Edeiéa (Semenenko, Perron,

2005) (434, MA%ET-1708 — T96AGRM0A Ga&%T;
&%4 fA°0ET- AT 041 TT-FPOTAT — 08Ty8%; +T0-
T4— OTMoW): a — 6TI%G=afoa Aac4Taa
14028-00T;8%0TATAT cAOTA; +TOT® TEO0AES
a%yTee a 0dTE © aéTaceaTe OTNGAS;
&80l 46TA08 ToH0Yol S&TITOOT 1%-
Tedefoase 6OTT1%00; &4 — 486Ta08a OTHOA6
1T TA08BASY, ETIT00-

Téié 1% 0aTéoentaeaie doT1%0 (aéa. nooe-

détadea O1da0d ¢ +0EeTp Teia-

&Tp choaiT, 440ToTa6%, UT canasa+
fiy 1AEY ¢aoaddaci iy OTAGA0TT, d&6Taoee

Fig. 5.4. BSE image of the metal-troilite grain of the second type within a shock-melted region of
the Krymka polished section (Semenenko, Perron, 2005) (white, light gray — nickel iron; from
light to dark gray — troilite; black — phosphate): a — a cellular structure of the metal-troilite
grain. Black round areas in troilite are phosphate globules. Most globules contain euhedral chro-
mite microcrystals; & — a phosphate globule with euhedral chromite microcrystals (arrows), which
are located at the edge; 8 — a phosphate globule with clear evidence of shear deformation, which
indicates at least one additional shock occurred after solidification of the phosphate globule

Taei aTaaoétaeé 6aad, yéeé a’aana-

4T 0,25 % Co. OadacddT T THTAEAN 0 08T;E%00 © Aéep-aTTy 830Tied (<25
15 TET) & TITOOTe0 é0efi0ag’a 60T1%00 ° 0TTEe0 (<2 TéT) 46Ta0eyoT1éed 4éép-

410 OTAOA0A. Edefvase 66T1%0 T1apol ¢isT aé. 5.1) 0a Tex+3

0
ETT04T0026% Al,O,;, MgO 3 TiO,, 13 65T1% 0TTadeda Ede1éa & 63%Ti6 (Bunch
iei 3d

GATTYT A1%06 Cr,0, &% yada (65,2 %, ca TafTp) 4T TA0e033% (62,4 %).

T 4028-00T;8%0TA® cAdTA 0816 2 (3&f. 5.7, 4) A%AdCTYPOURY 4% CAGAT oé-
T6 1 038eT & TATABRATHOYT &:

1) Tayaiiiop 6 Fe,Ni-140a8% 0TTE&0 cACASHoes ° cadda+aied T3easal
0BT 3¢ TaeAeTABUTeT STAT ATSHOTI AT 28 % (AA1® EDS T3fey 00aasaTtiy;
3RABUTA CTA*ATTY 12° 4608 AeUIET); TATATTOATET AN%AOTI 1%@48p ® OTh-
OTO6 (AaT3 13edTCTTAa AT 003A6&TTY) 4 yadas (12,5—19,0 3 0—0,7 %, ca ia-
ATD, AATTAATT); ETOA8YOCp AT%00 OTAOTA6 ° 13648p 1% ATATP ée@a G

a

.6, 4);



PO3.41N 5 YpapHo-meTamopdiyHe nepeTBOpeHHs meTeopuTta Kpumka

14
o © 'Y
~ @ 02
210+
S o
2 8- .
<
5 o % o 9
s 4] © o ©
@) o -0 O
24 @ o O .A 98. e 880 O C\A_O
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Ni, % (3a Macoro)

péf. 5.5. Ai%i0 13@&&p ° &TAAB106 & cA0Ta0 T3GAEeNOTAT cadscd A 0AAdTT-TADATEAABATED
&%yTead (1) 06a a (0 Tadddared ¢Tiad (2). OTTadéd Edeiéa (Semenenko, Perron, 2005).
Wyou oT=Té 3¢ AT30TT ETAAENH00 TTTad 1 %, ¢a 1aiiT, TodeTaiT 0 44T6 140264880 ET130-
840 6 TadATEadcA 3¢ A%6YT0% 2T@8 0T+6e 3¢ ATNOTT ETAaél00 >2 % 0a T%@&ép <31 % To-
3eTaTT 4 a0 cAdTad TAT®C; ¢ TAdAT3aTe0 ¢TT (T3 afTOPC ¢ TAGATEAAEATT &%y TeTP)

Fig. 5.5. Ni vs. Co plot of the metal grains within the Krymka shock-melted regions (Semenenko,
Perron, 2005). Solid circles — melted regions (Ta84T€aacai® 4%y 1ée); open circles — transition
zones (Ta8a6%T2 ¢TTe). Five points with Co content larger than 1 wt. % are from two metal cells
in the melted region. Other points with Co content >2 wt. % and Ni content <31 wt. % are from

six grains in one transition zone (not associated with the latter melted region)

2) iéx+el amiorTi 3 1dieel oT
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o
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o
X
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-
w
o
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~
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[N
T

46Ta0e (A%a1a0d &T
1 1é1, aea. oef. 5.4, 4); Taia
a6e Ta° 3083 Tgiaée ¢ioarT; aadbT1o1aos; (oen. 5.4, a).

3 ayarsiou ¢cicired

O Teé i
ETTO4T08A6% 6

aéep+aiu 60T13%0

1anésaTé 13éo01-
0, i aT 24 % SiO,) 3 1adrp (4T 12,7 %
"""" 20 caddoarariyi i paie. ATagioe+i3 n
T Téclés. C 0dadsaariyl eééod aifaesg®a ¢ Taéifex+éie ET10aT0dad}yie
60716 (<0,6 %, ca 1aiiTp, Cr,0;) 3 édai i’p (<0,2 % Si0,) 6°i3+iéé fiéeaa
OThGaod akarTasaal, %, ¢a 1anTp: 7—11 Na,O, 0,5 K,0, 40—50 FeO, 0,45
MnO, 37—40 b, T, <0,2 MgO, <0,2 SiO, 6a <0,2 NaT. TTATYIT ¢ 1a08%-
cagcefioeT OThdaoTlI — TadeneoTi (FeNaPO,, 17,8 Na,O, 41,3 FeO 2 40,8
P,0s), 6aé fiéeaa aauT calarareé 1aos* .
bataranué® iraéode aeTaoe (6ef. 5.8, a) 1apol zédTé iTdde a Tasgano
+afioTo 950—1100 AT, Gadaéoddi® aey OTOa’a, TATAEEAT aey Tadeneod
(6éf. 5.8, 4; Mostefaoui, 1996). DTcaedarsiol f16d aéaco® <
noal OTROA00. Adyés ¢ MTaéoda 0aéTe T1apol o@edTées i
500—700 i1~ (ada6Ty +anoéfa fTaéoda Ta defi. 5.8, a), UT 0a
nee3eaoTTat fiééa. O4 G¢aTaxo0iiy ¢ 6°is-Teie afagcaie, yé3 canasa+opoi
Tayaisfiou eoai i’p & 4éTacead. CTéodTa, 4d0013¢ Tdeod Ta Tée 0 +afioToad
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)
2

(3&f. 5.8, &) 464 TTA%ATeé 4T AT
2004)). ABU0ASTA0RATT 178 TTABECO +afid
3efi. 5.8, & 1Teea a00& TTA'Jcareé ¢ 1a

CABAT 6OTH306. O8 T380A404E6C0UNY A%

T4 0éefi. 5.8, a4, UT &%ATTa%8a° Taré 3¢ o%aésfire
T 3T

N -

o

’

: UTi06 fiTraéosds

.....

fieataré (oef. 5.8, & (Montagnac,
a 4ao0T

-AT0 60TH%6. NesTITa%areé foar ae
arae’co. ATassce TOTARAATT ROTEsTaaTe
A0°ATE0 edefdas®a 65T1%06. A 686 61Taad
a0Ba+aTeTe ¢ féea, UT TTYATPC Tecié® a
BATO0AD%E TA03%p AT CAAasUTT, i6Te 100 Aeace® Ta Tayarfiol 10—19 %, ca
1aiiTh, Na,0 (& AA33ATUTI6 14,1 %). OaéeT +TT1, ¢OTABATT AeRTTATE TOT
83368 CAATATTY A0 ° CAAAA-ATTY CAECTI NAGAATUTAT neeas
TTOATYIT ¢ 120eMeoT.

a
CTTaTi aey oieéfaiiy avee

g30e+13 foie. ETo4a0aaT 1y &Ti-

fidaocsa

@
@
QD
QD
O
(@)}

Ilepexioni 30onu (zédeia 0,1—2 11) 1% Tadaréadsareie agyiéaie 2 da-
+TaeiTp 14041804 & 63é:l“lc') Tapol 6TTade0Ta0 04énoddo aag TeTaé 63adiT-
4T TEAAGATTY Neeséansa. ATie 0adaéoddecopoliy +anoéTaeT TadaTeaacariyi
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ron, 2005). Aficaaée AATTA%EAPol +afde T 0&0 faTed 4aTed 4 SToTi0 1aie0ads 48y TaT+-
1T1i0% TayarTio® aaT 4%af00TTNO® ETAAEYO3;, T%e AT%0TI OTAOTHO0 04 1°6aep

Fig. 5.6. Ni vs. P plot of the metal grains within the Krymka shock-melted regions (1) of type 1
(0éT 1) and type 2 (0O&T 2) and their transition zones (2) (Semenenko, Perron, 2005). Insets
show part of the same data on a different scale, to make clearer the presence or absence of a
correlation between P and Ni contents
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9 = =un ~A N X 9 = =un A

Deéfi. 5.7. SEI-¢Tadaxai 1y 140aé (1 )-00T;€30Tae0 (Tr) cA0AT 13fiey 00a4€AT Ty 5%-T%0aET1 &

6338 TT-TadaTEaaceaTed a%€yiead dTiadeca EdeTéa (Semenenko, Perron, 2005): a — 0T 1;

4 — 0eT 2. XTO13 0T+ée © d%haeoéaie, éiTas
ET1306e 43T0 0814 TajpoU cadda+ans 13eae
f0d+ETITAAT? cAdda+ais 13¢4eal ¢Tie

Fig. 5.7. SEI images of metal (M)-troilite (Tr) grains after etching with 5%-nital within the
Krymka shock-melted regions (Semenenko, Perron, 2005): a — type 1; & — type 2. Black spots
in metal are holes probably left by phosphides. Metal cells of both types have Ni-enriched rims,

but only type 2 metal also contain ribbon-like Ni-rich zones within the cells

OTNO:E%, UT aéédewederi. T Aacasaas
1 TATETTEE, TATaé T130aé 0816 2 1300l 0aéTae

-——

6TA0BAT & 3 TA0a8-00T;8%0Tae1e cddTaie. A1sfo 13e&ép a TUTI6 TTa%4-
AT éT4T 413100 4 T140ae® Tadareadeaied a%6yiTe, aéd éTi10ai0das’ly oTi-
e@+a (0346, 5.3; 464. defi. 5.6). AaGAOT 14026330 CABAT T4 46-
Teie. Ca A1°A0TT T'edep fieeaa cAdAT A%ATTA%AC 8aTaneos °
Oaasesy 5.3. O%i3+Teé féeaa (%, ca TafTP) 1°GAEEROTAT cadscal 3 0OT;E%00 & T4d45%ETed ¢Tiad
Perron,

Table 5.3. Chemical composition (wt. %) obtained by electron microprobe of nickel iron* and

Eaianeo T 2004T7e0
Aeaiaino

J4ae (37) EREETE T4 (13) EREETE

Fe 82,9—97,5 93,3 78,3—87,6 82,7
Ni 2,75—8,07 4,27 10,1—19,2 14,8

Co 0,20—13,1 2,66 0,33—6,86 2,24

Cu 1.a4—0,06 0,05 I.a 0,05
Cr 1.4—0,39 0,07 I.4a—0,09 <0,02

P I.4—0,19 <0,02 1.4—0,17 0,06

S 1.a4—0,27 0,05 1.4—0,23 0,09

Néia 100,5 99,9

Toei306a. O 40x2Ea0 AGACATT &30 aTasdsa; T. A — Tee+a B%ATY aécTa+arniy.

L DTCTTa% 1% 8%¢iele 0éTale 13@38efioTaT caesca © 4aUIT 4Ta%6uTeT 0a 1T fid0® caniTaa
20,96, yeUT 14 &daoe &T 6aade 1aéaeulid ¢ra+afiy ai3iod 13eaép.

Note. The number of analysis is in brackets; T. 4. is not determined.

! The separation between the different kinds of metal is somewhat arbitrary and essentially based

20,96, when not taking into account the highest Ni content value.
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081306 (TAdAAAETT 00BA0AT00) ¢ 6TTade0a ESeTEa A 6%TI6. CasasTi a1%io

i-180a8% CI3TPO0URY &%
BaTaNed® 3 04T%° (AT 0,5 %)
47U 05T1%006 a4 Fe,Ni-140a6°

73%648p 6 TA0ATEAAGATTIO 8 TATADATEAAGATTIO
2,8 4T 57,4 %. Waéaxd TTH0éTeé aisio 60Tio a
TTYcaieé ¢ Tayaidiop ~efearires 1%edTaesp+
T404T18€0a (Perron, Bourot-Denise, 1992).
Cia+13 aa8%03, 6TTOAT08a0%; éTAaél00 &4 T40ae® (4ea. déf. 5.5) 4ad0® ThT-
GeAT; 6aade. C 22 afaesc®a cadai éaianéod a 17 aisio éTAaelod A%ErTasaal
AT 0,2—0,6, aaT 1,0—1,9 %, ca 1aiTp, UT Tadee=xaiT &4%E1Ta%aa° Fe,Ni-
140460 0 T&0&4TOE0® 4 6% T160 (Rambaldi, Wasson, 1984). ATaiT=af 6 1’yoé ca-
3T40 AeYABATT cTa+1T Ae0® TTOATO0A0Y 8TA38I00 (5,5—13,0 %, ca TafTp).
A3yes ¢? cadda=aTes ETAABUOTT GABAT ARTOpPol ¢ ASRTET 1°6a8eRoTh OACTD,
yéa 0aéTae cAada+ata éTaaeloTl, aéd TaifaTp 13T, 1% éaianéo (a1%io éT-
436006 f0ATTAGOU 2,0—6,9 %, ca 1afTp). T4 4ee8p+ATT, UT 6y Oaca © 135-
OATAGOTY, TAyATYHoU VETAT AGAcEC Ta +anoeTAA TEAABATTy AT ToeTaél i
T240% 0 TTE AOEETNOS 0AT300. ATAETATT 6 3¢ 14 TOTATaescTaaied (46,4—
57,4 %, ca TafTP, Ni) cABAT 03082041306 T3f0yol 0,14—0,43 %, ca T1afTp, Co,
4 TATA CA3TT — 0,84 % NT. WTAya ¢ 61 *T@°® 7 cAS&T 1%0yol 1,2—2,5 %, ca

a»

J D s

~e~A N £ Q =~ A~

T1aiTp, NT — 4TaTé aéfiteeé aisno 46y 0800a0a1%00. Adyeés 3¢ caada+aied eT-
AacU0TT cAdaT 04002041300 afToO3ppol ¢® caada<aTel E&TAacloTi éailanéoTi.
I5Ti%@e i gTasariy AN%H06 13648p (23,6—42,5 %, ca TafTp) TTA'Jcars, 3it-

ABTT, ¢ aTaB%AT e, 63 ABTTATT 1TA8ec T4 1% GATANCOTT AAT 128047-
AEOTT 3 0408204T°0TT. AT%0 6TAAE000 & T80 AATTA%A° 0,3—1,3 %, A T1afTP
ca A8 TYOETT TATTAT GadTa (4,3—6,3 % Co), Y84 afiTe3pe ¢ caadataied
43800TT GATANGOTT 3 0A0BA0ATOTT.

O8TE% 40a TTATop TAOATEAAEATEE 3 6OATORA TI%UTO M0G0 2eETe 3
AETA0E, A 0A6T AfTG%0Y ¢ Fe,Ni-14026T1. Nesad 0316%00 & TOAFATE ¢TT°

Te a |
0a Tad3ATEaAcaTE0 a%eyTead TTasaréé (0ade. 5.3), ca AeTyoéTi Taire; oT+ée

®
1

0420 TT-TAOATEAACATED &%y TTe OTTA080A EdRT A, AécTa+aTeé Ta 1°%@dT¢Tias (Semenenko,
2005)
troilite within the transition zones of the Krymka chondrite (Semenenko, Perron, 2005)

Nasaaié aisio Ni 0808304720 08T;8%

T4as (19) HEREETE T4 (24) EREETE 4@ (19) GEREENE
55,1—74,3 63,2 39,3—53,0 46,6 54,1—63,2 60,7
23,6—42.,5 34,6 46,4—57,4 51,7 1.a—9,18 1,392
0,34—6,31 1,43 0,14—2,73 1,26 0,06—0,34 0,14
I.a—0,21 0,09 1.a4—0,23 0,08 1.4—0,13 0,05
I.4—0,06 <0,02 1.4—0,51 0,06 1.4—0,06 <0,02
1.4—0,25 <0,03 I.a—0,12 <0,02 1.4—0,11 <0,02
I.a4—0,81 0,15 I.4—0,36 0,04 37,0—39,4 38,1

99,6 99,8 100,5

T2 A1%A0° T%838p.

-\
oY
-/

on Ni content.
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Peii. 5.8. DaTaranies Araéo-
6 dé (Semenenko, Perron, 2005):
a— &8 6TNOaoI® déTa0ée 6
08T;8%3% 4 043a0T1T-TadaTéaa-
8aTed &% eyread oTradéoa
Edeiea; 4 — aaa aeep-+ai-
~ Ty T1adefieod a 1a0aed 6TTa-
6éoa Bishunpur (Mostefaoui,
1996); & — c¢oacTé Tafiedsa-
i6 (1) (Montagnac, 2004) oa
aéep+ariy 68T1%00 (2) 4 1a-
' ' ! ' 0aé® 5TT14ade0a Forest Vale
Fig. 5.8. Raman spectra (Se-
menenko, Perron, 2005) of:
a — two phosphate globules
1 within troilite in the Krymka
shock-melted regions; a—
two maricite inclusions in the
metal of the Bishunpur chon-
drite (Mostefaoui, 1996); & —
a sample of obsidian (Montag-
T T T T nac, 2004) and a chromite
400 600 800 1000 1200 jnclusion in the metal of the

PamaHiBCbKMii 3¢yB, cm ™! Forest Vale chondrite
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1431208416

-/

0 6TTaoeoad (Rubin, 1985). 6 1adiaoce+
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i
acae+aéiTp aey TadATeadcai T, d8a=Ta

o3

.. -~

0
¢ , OT 042014 Teaaear 1y a%aa0eTiy in situ. Ta a%&1316 %4 a%i-
STNO® Ta0ATEAACATE0 06aT &34, Trefared A. boa3Tel (Rubin, 1985), Téaaéart-
Ty T4 NOTOTATa®0A3ETHY TTATTP 400a0Tp Fe,Ni-T140ag6 3 noeudad, Ut aéa-

PN~

[
A04TEAABATTY A caedeo’é Nefodis. ASATTAATT AT 0801°1TéTa; (Ru-
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bin, 1985; Stoffler et al., 1991), 6 TAOATEAABAT® &%y Tee e dTcaeyaaoe ye
a3eee a%eyiTee OT¢Ieadsd. TAdaTeadcaniy ano;, TToTae TT08340° 6Aa8TTAT
0&fié6 Ta &%AT% 75—90 ATa & TATTOSM0E OTTA0C0TAE 0&+TASTS, ad 1Txd
TT=2081Y ca 0efiéo ~Tae s (Stoffler et al., 1991). Ta-
OaTEaaEA T a%eyTeé TOT064a0efy ca TTAATYIT
TEcUETAT daaoiTaT fioT;, cadda+aiT; édoéeie
aediaroaie oTiéer @ariy Tcia+a®, UT 041 Ta-
820002 4 TadarTeadéar eéa &%l yé 1500 C (Herzberg,
1979). Tataé 6%i3+1 33310 3 TagTnoaceno aéaco® fa 0a, Ut
da+Taefa a 6eod ae T seod adxad ET0T0EEE
048131, TAé%uée 14 &3 5 dTereaas. OT+a aa-
8%a03% a1%nod dayes a Tea%is © adx+eie, i%e 6 130410603

a
a 0% T10 (0ef. 5.2),
Ilsuoxicmo oxoa00xucenna 3a eucoxux memnepamyp. AEU@iol F3T13+T&06 3
13T30a6TE+-Te0 TATAEEaTR0dé, 0aéed yé e%eaad’éia nodoéod 8-00T,
83014 i, ¢TTaguTeé féeaa Te%a®io, Fe,Ni-140aé6 3
nGaod a 08T &%3, Nedeaoia A04aTaa édefioasa Te3a
TAOTOO0 & Ta0aé3 é 138aép a 0aT;E303, aéacopol
f0ag3cad’; 131adaesa 6 8acoéoacs a '
TOTETARATTY 04A0TTAT OTCTeadd. AGnTraseT1ancasiis aars
CTTaéiTTno® Tédro (Radomsky, Hewins, 1990), ai3
(Smith, Goldstein, 1977) 6a f0d6€0060Ted THTaéeaThoyd 136
Ta0ae-foeuo’aired ¢adiad (Scott, 1982) aapou ¢iTao T63

ETaxaT Ty TadATEadEaired a%eyiie.
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CaaiT ¢ défirddeiafoagiieie aareie, AOOT*TlU Fe-Mg-¢TTagiiTiod a
TE3A°T3 ¢OTR0AC ¢3 cABUBATTYT A1°%100 FeO ° pA&aéTho® ToTeTazaT 1y (Bian-
co, Taylor, 1977; Radomsky, Hewins, 1990). CTTaélui® 0ddifae oayeo—NaT a
OeM0acad TEASTO TA0ATEaAcaTed a%6yiTe (4eA. Oen. 5.3) &0md TTAATS aT
460 004TA%A O EDeM0acad ¢ TTOOTAC) TEA3TTARS OTT4
de16a, a 0aéTae 0 B0O+-T1e0 edenvasad, ToTeTazmal
a (Radomsky, Hewins, 1990).
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defe T3x d%eéalé adfaden’a aéacé® Ta @aeaédiol TOTETaxadTiy a% 400 &7
100 N/aTa 46y 6TT40€0% Ramsdorf 04 Rose City &&TTa41T (Scott, 1982), 0T-

&% yé aTneca=ai iy 140a6-00T;630TAe0 cadal 0a A1%100 T°@aép 4 08T;E%0° canasa-
+0pol @adaésniol ToTeTaeaTTy 100 C/&aii 3 1 N/&%@ a8y 0ed faied oTia-
d&0% (Smith, Goldstein 1977). T& Tap+eé 0T+i13aT; To*Tée, iTeia adaxaoe,
UT @aéaé3iol ToTETaxal Ty Tadaréadcaied aey élza 3, 1 T
43320T &%lUwa ca 100 °N/&TA.

Craad nenposopux minepasie. OadaGOAITTP THTAEEA% 0

TAOATEARBATED 4%y TEA0 © CTTABITES f68aa 3 Tayardfiol OTAOT. AETTAATT
o :

0a63can3Cp T3e4EeR0TAT caddca ¢ Fe-Ni-S dT¢Téads. 10e06T4a cdada+aied i3

“T€ 0 140383 08706 2 TayfiTa 2 TT00aa0C 4TAa0ETAG0 ATheaeatl.
CaaiT ¢ &%0adando
tein, 1977), tayaisnou

atarTagai iyl OTNOA0%A ca AefTéT; o

Qs

A1 Tadaoode ¢ TTaacugel orc-efariy
a

OTNOTHO & %EETT0 140a8% 0aéa TTAAATEA 5adaeoadTa ® 46y 66T10. A Tada-
TE246aTe0 4%yT16ad OTNOTO 3 68TT, yé® fiTT+a0éd ciadTaeéefu 6 6TNOaM® é

00T1303, a0ee a%aTTacais 3 oTc+eTaid 6 Fe-Ni-S 8T¢réad® ca aefTéT, 0al rada-

068e. Tée TOTETAxRAT 13 OTAOTS STCITA ANy 13 TA0a6T
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aT106 1aiz0ad’ (Haack, Scott, 1993).
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aeil néeaati opaglieie arnesascaiiyié (Romig, Gold-
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& (Chabot, Drake, 1999).
UT & Tadaréaasaned aseyiéad 1a0aé

6TTa0e0° Eoeiéa 4 6%Ti0

Nesa cagi
1]

c&
OT1 3 ca%aia 1

aoa

Denise, 1992). Oaééi +eiTi, édad TAOATEAABATTAT 140380 T4 A%ATAdaxA°
TTATOp éTAT TAadAMTTAT Néeadd, uUT TATACEAT aaxeeadT aey 6TT1ad. Nééaa

~ 92>

i
Fe,Ni-1d0aé6 a Toereaie
TaTOANAT €, UT a%addaaeeny 134 ~an Taddreadediiy 6Tiade, a 1a éeaa néeéa-
AT1 130ae6 a TOTOTAATAe? (Zanda et al., 1994).

3epna Hixeaucmozo 3aaiza 3 eUCOKUM eMicmom Kobaabmy 8 TAdaGai%é
a TaTaTh 130T 4 Ta0aTEaaea %€ 436y T03 © TATCp 3¢ Aaxeeaed TATAEeATH-

aThe%aeaied Ta'°80%. CAada+aTeé ETAadloT1 Taoaé (AT 39 %) ada ¢iaé-
cé ¢ oaiTTaaxi1ed LL 6T1aceoad (Afiattalab, Wasson, 1980; Rubin, 1990), 6
@3eUETO TadcaiTAaeTed 6TTade0ad * énarTe’oad (Kracher et al., 1985; Rubin
et al., 1985; Hua et al., 1995; Kimura, 2000). O 140&4Td&0° Edeiéa aseiashioi
CAdAT Ta0aed Ta T3ioyou éTaaeuod aelw yé 2 %, ca 1aiTp, 0 éaianes® oa
1,5 % 06 0408204 1%0% (Rambaldi, Wasson, 1984; Perron, Bourot-Denise, 1992), ca
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