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õðîì³òó (÷îðíå) ³ òåí³òó (ñâ³òëî-ñ³ðå), à òàêîæ âñåðåäèí³ êàìàñèòó (ñ³ðå) 

Fig. 4.2. SEI image of a native tungsten in reflected electrons in the Krymka polished section: 
à – a porphyritic chondrule with metal globules (white), which contain the native tungsten 
inclusions (dark gray – silicates); á – 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; 
â – 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) 

 
ùî íå âðàõîâóâàòè çàáðóäíåííÿ àíàë³çó ì³íåðàëàìè, ùî àñîö³þþòü, òî äî- 
ñë³äæóâàí³ âêëþ÷åííÿ íàëåæàòü äî õ³ì³÷íî ÷èñòîãî ñàìîðîäíîãî âîëüôðà-
ìó, ³íêîëè ç äîì³øêàìè ðåí³þ. 

Ãîëîâíèìè àðãóìåíòàìè (Ñåìåíåíêî, Ã³ð³÷, 2012), ÿê³ çàñâ³ä÷óþòü ìå-
òåîðèòíó ïðèðîäó âîëüôðàìó, áóëè: 1) õàðàêòåð ïîøèðåííÿ ñàìîðîäíîãî 
âîëüôðàìó ëèøå â í³êåëèñòîìó çàë³ç³ ïîðô³ðîâèõ õîíäð; 2) ò³ñíà àñîö³àö³ÿ 
âîëüôðàìó ç êàìàñèòîì, çóìîâëåíà éîãî ñèäåðîô³ëüíèì õàðàêòåðîì, ùî âêà-
çóº íà âõîäæåííÿ äî ñêëàäó ìåòàëåâèõ çåðåí ó äîàãëîìåðàö³éíèé ïåð³îä òà ¿õ 
ïîäàëüøó ñï³ëüíó ³ñòîð³þ â ìàòåðèíñüêîìó ò³ë³ ìåòåîðèòà; 3) ðîçì³ùåííÿ ì³ê-
ðî- ³ íàíîçåðåí ñàìîðîäíîãî âîëüôðàìó íà ì³æôàçîâèõ ìåæàõ, ó ïîðàõ ³ òð³-
ùèíêàõ êàìàñèòó – ñâ³ä÷åííÿ ìîæëèâîñò³ éîãî ìåòàìîðô³÷íîãî ïîõîäæåííÿ â 
ðåçóëüòàò³ òâåðäîôàçîâî¿ äèôóç³¿ âîëüôðàìó â ìåòàë³. Íàÿâí³ñòü ó õîíäðèò³ òà, 
çîêðåìà, ó ïîðô³ðîâ³é õîíäð³ ïðèêìåò óäàðíîãî ìåòàìîðô³çìó âêàçóº íà âàæ-
ëèâó éîãî ðîëü ó ñòèìóëÿö³¿ äèôóç³¿ âîëüôðàìó â êàìàñèòîâèõ êóëüêàõ. 

Ðèñ. 4.2. BSE-çîáðàæåííÿ ñàìîðîäíîãî 
âîëüôðàìó ó â³äáèòèõ åëåêòðîíàõ ó ïîë³-
ðîâàíîìó øë³ô³ õîíäðèòà Êðèìêà: à – 
ïîðô³ðîâà õîíäðà ç ìåòàëåâèìè êóëüêàìè 
(á³ëå), ùî ì³ñòÿòü âêëþ÷åííÿ ñàìîðîäíî-
ãî âîëüôðàìó (òåìíî-ñ³ðå – ñèë³êàòè); 
á – îäíà ç ìåòàëåâèõ êóëüîê ³ç ñàìîðîä-
íèì âîëüôðàìîì (á³ëå) òà ÷èñëåííèìè 
âêëþ÷åííÿìè ³íøèõ ì³íåðàë³â; ïî ïåðè-
ôåð³¿ êóëüêè ³ â ñèë³êàòàõ (÷îðíå) õîíäðè 
ïîøèðåí³ ã³äðîêñèäè çàë³çà; ñ³ðå – êàìà-
ñèò, ñâ³òëî-ñ³ðå – òåí³ò; â – âêëþ÷åííÿ 
ñàìîðîäíîãî âîëüôðàìó (á³ëå), ÿê³ ðîçì³-
ùóþòüñÿ íà ì³æôàçîâ³é ìåæ³ êðèñòàë³â 
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Ðèñ. 4.3. BSE- ³ SEI-çîáðàæåííÿ ñàìîðîäíîãî ñð³áëà â ïîë³ðîâàíîìó øë³ô³ õîíäðèòà 
Êðèìêà: à – ìåòàë-ñóëüô³äíà îáîëîíêà (ñâ³òëî-ñ³ðà) ïîðô³ðîâî¿ õîíäðè ç ïîðîæíèíîþ, 
â ïðîäóêòàõ âèâ³òðþâàííÿ ÿêî¿ (çë³âà, äèâ. ñòð³ëêó) ì³ñòÿòüñÿ çåðíà ñàìîðîäíîãî ñð³áëà; 
á – çåðíî ñàìîðîäíîãî ñð³áëà (á³ëå) â òð³ùèí³ Fe,Ni,S-ã³äðîêñèä³â; â – îêðåì³ çåðíà ³ 
äåíäðèòîïîä³áí³ ñêóï÷åííÿ ñàìîðîäíîãî ñð³áëà (á³ëå), ÿê³ ðîçì³ùóþòüñÿ ñåðåä ã³äðîêñè-
ä³â íà äí³ é ñò³íêàõ ïîðîæíèíè; ó íèæí³é ÷àñòèí³ çîáðàæåííÿ áà÷èìî ð³äê³ñíèé ³ä³î- 
ìîðôíèé êðèñòàë êîðóíäó (äèâ. ñòð³ëêó); ã – ïëàñòèí÷àñòå çåðíî ñàìîðîäíîãî ñð³áëà 
(ñâ³òëî-ñ³ðå) ç³ ñë³äàìè ïëàñòè÷íî¿ äåôîðìàö³¿ ñåðåä Fe,Ni,S-ã³äðîêñèä³â; ä – çåðíî ñà-
ìîðîäíîãî ñð³áëà, ôîðìà ÿêîãî áëèçüêà äî êóá³÷íî¿; å – ãëîáóëÿðíà ñêóëüïòóðà àãðåãàòó 
ñàìîðîäíîãî ñð³áëà (çá³ëüøåíà ä³ëÿíêà âíèçó ðèñóíêà â) 
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Ïðîòå ðàô³íîâàíèé õ³ì³÷íèé ñêëàä âîëüôðàìó, õî÷à ³ ìîæíà ïîÿñíèòè 
áàãàòîñòàä³éí³ñòþ ³ ñêëàäí³ñòþ ô³çèêî-õ³ì³÷íèõ ïðîöåñ³â éîãî â³äîêðåì-
ëåííÿ â³ä ³íøèõ òóãîïëàâêèõ åëåìåíò³â ó ïðîòîïëàíåòí³é òóìàííîñò³, º 
íàéâàæëèâ³øèì àðãóìåíòîì ïðîòè éîãî êîñì³÷íî¿ ïðèðîäè. Ó çâ’ÿçêó ç öèì 
áóâ ïðîâåäåíèé äîäàòêîâèé åëåêòðîííî-ì³êðîñêîï³÷íèé ïîøóê âîëüôðàìó 
â ³íøèõ õîíäðàõ ìåòåîðèòà, à òàêîæ ó ãëèáøèõ çð³çàõ âîëüôðàìîâì³ñíî¿ 
õîíäðè. Íà æàëü, í³ â ïåðøîìó, í³ â äðóãîìó âèïàäêó íîâèõ çíàõ³äîê ñàìî-
ðîäíîãî âîëüôðàìó àáî éîãî ñë³ä³â ó êàìàñèò³ íå âèÿâëåíî, ùî çàëèøàº ï³ä 
ñóìí³âîì éîãî êîñì³÷íó ïðèðîäó â ìåòåîðèò³ Êðèìêà. Íàâïàêè, âîëüôðàì 
áóâ âèÿâëåíèé ó òð³ùèíàõ ó ñèë³êàòàõ ïîðÿä ç âîëüôðàìîâì³ñíîþ õîíäðîþ, 
ùî º âàæëèâèì ñâ³ä÷åííÿì ìîæëèâîñò³ çàáðóäíåííÿ ìåòåîðèòà â ïðîöåñ³ 
âèãîòîâëåííÿ ïîë³ðîâàíîãî øë³ôà. 

Ì³íåðàëîãî-õ³ì³÷í³ îñîáëèâîñò³ òà ïðèðîäà ñàìîðîäíîãî ñð³áëà. Ì³êðîìåò-
ðè÷í³ çåðíà ñàìîðîäíîãî ñð³áëà òà ¿õ ñêóï÷åííÿ (Ñåìåíåíêî, 2010) çíàéäåíî 
íà äí³ ³ ñò³íêàõ äâîõ ïîðîæíèí, à ñàìå â ïîðàõ ³ òð³ùèíàõ Fe,Ni,S-ã³äðî-
êñèä³â, ïîøèðåíèõ ó ìåòàë-ñóëüô³äí³é îáîëîíö³ (ðèñ. 4.3, à) îäí³º¿ ³ç ïîðô³-
ðîâèõ îë³â³í-ï³ðîêñåíîâèõ õîíäð ìåòåîðèòà Êðèìêà (Ñåìåíåíêî, 2010). 

Ñàìîðîäíå ñð³áëî ïðåäñòàâëåíå îêðåìèìè çåðíàìè (≤3 ìêì) (ðèñ. 4.3, á), 
äåíäðèòîïîä³áíèìè àãðåãàòàìè (ðèñ. 4.3, â) (≤7 ìêì), à òàêîæ ïëàñòèíêàìè 
(ðèñ. 4.3, ã) (≤5  3 ìêì). Çåðíà ìàþòü ïåðåâàæíî îêðóãëó, ³íêîëè áëèçüêó 
äî êóá³÷íî¿ ôîðìó (ðèñ. 4.3, ä), à äåíäðèòîïîä³áí³ àãðåãàòè – ã³ë÷àñòó. Â 
òîíêèõ ïëàñòèíêàõ âèÿâëåíà íåçíà÷íà ïëàñòè÷íà äåôîðìàö³ÿ (ðèñ. 4.3, ã). 
Àãðåãàòè (ðèñ. 4.3, å), îêðåì³ çåðíà ³ ïëàñòèíêè ìàþòü òîíêó ãëîáóëÿðíó 
ñòðóêòóðó, â ÿê³é ðîçì³ðè ãëîáóë â³äïîâ³äàþòü ≤100 íì. Òàêèì ÷èíîì, ðîç-
ïîä³ë ñàìîðîäíîãî ñð³áëà çà ôîðìîþ çåðåí º óìîâíèì, îñê³ëüêè ïî ñóò³ âî-
íè º ñêóï÷åííÿìè íàíîìåòðîâèõ ãëîáóë ³ ð³çíÿòüñÿ ëèøå çà ðîçì³ðàìè ³ 
õàðàêòåðîì ðîçì³ùåííÿ ãëîáóë. 

Õ³ì³÷íèé ñêëàä ñð³áëà äóæå ÷èñòèé, â íüîìó â³äñóòí³ òèïîâ³ äëÿ çåìíî-
ãî ñð³áëà äîì³øêè çîëîòà, öèíêó, ñâèíöþ, á³ñìóòó, ñòèá³þ, àðñåíó ³ ðòóò³ 
(Ëàòûø, 1997; Ñåðåáðî, 1989). Â³äïîâ³äíî äî äàíèõ åíåðãîäèñïåðñ³éíèõ äî-
ñë³äæåíü, íàéâèù³ çíà÷åííÿ âì³ñòó ñð³áëà íå ïåðåâèùóþòü 95,6 %, çà ìà-
ñîþ, à ðåøòà õ³ì³÷íèõ åëåìåíò³â (Fe, Ni, S, â îêðåìèõ òî÷êàõ Cu) íàëåæàòü 
äî åëåìåíò³â, ùî çàáðóäíþþòü àíàë³ç Fe,Ni,S-ã³äðîêñèäàìè, â ÿêèõ çíàéäå-
íî ñàìîðîäíå ñð³áëî. 

Êð³ì ñàìîðîäíîãî ñð³áëà â îäí³é ³ç ïîðîæíèí âèÿâëåíî îêðåì³ çåðíà 
îë³â³íó (Fa23,8), ï³ðîêñåíó (Fs33En60Wo6,99), Ñà-ï³ðîêñåíó (Fs37,2En46,6Wo16,2), à 
òàêîæ ãåêñàãîíàëüí³ êðèñòàëè êîðóíäó (99,5 %, çà ìàñîþ, Al2O3; 0,5 – ÑàÎ) 
ðîçì³ðîì ≤5 ìêì (ðèñ. 4.3, â). Îñòàíí³ íàëåæàòü äî ïåðøî¿ çíàõ³äêè êîðóí-
äó â ìåòåîðèò³ Êðèìêà in situ. Ðàí³øå öåé ì³íåðàë áóâ â³äîìèé ÿê ð³äê³ñ-
íèé àêöåñîðíèé êîìïîíåíò òóãîïëàâêèõ âêëþ÷åíü ó âóãëèñòèõ õîíäðèòàõ, à 
 

Fig. 4.3. BSE and SEI (ã, å) images of a native silver in a polished section of the Krymka 
chondrite: à – 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; á – the native silver 
grain (white) in a crack of the Fe,Ni,S-hydroxides; â – 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; ã – the 
native silver plate grain (light gray) with signes of plastic deformation within the Fe,Ni,S-hyd- 
roxides; ä – the native silver grain with a shape close to cubic; å – a globular sculpture of the 
native silver aggregate (enlarged area below fig. 4.3, â) 


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Ðèñ. 4.4. SEI-çîáðàæåííÿ ðîçêðèñòàë³çî-
âàíîãî àãðåãàòó ñàìîðîäíîãî ñð³áëà (á³ëå, 
ñâ³òëî-ñ³ðå) (äèâ. ðèñ. 4.3, å), ãëîáóëè 
ÿêîãî ÷åðåç 10 ðîê³â ï³ñëÿ ïåðøî¿ ñåð³¿ 
äîñë³äæåíü íàáóëè ïëàñòèí÷àñòî¿ ôîðìè 

Fig. 4.4. SEI image of a recrystallized ag-
gregate of the native silver (white, light gray) 
(fig. 4.3, å), globules which 10 years after 
the first series of studies have acquired a 
lamellar shape 

 
òàêîæ ÿê äîñîíÿ÷íèé ì³íåðàë, õ³-
ì³÷íî âèä³ëåíèé ³ç ïðèì³òèâíî¿ ðå-
÷îâèíè ìåòåîðèò³â, çîêðåìà ³ õîí-
äðèòà Êðèìêà (Nittler et al., 2008). 

Òàêèì ÷èíîì, õàðàêòåðíèìè îñîáëèâîñòÿìè ñàìîðîäíîãî ñð³áëà â õîí-
äðèò³ Êðèìêà º éîãî ò³ñíà àñîö³àö³ÿ ç Fe,S,Ni-ã³äðîêñèäàìè, ðîçì³ùåííÿ â 
ïîðàõ ³ òð³ùèíêàõ, ãëîáóëÿðíà áóäîâà ð³çíèõ çà ôîðìîþ çåðåí, íàíîìåòðîâ³ 
ðîçì³ðè ãëîáóë, çàëåæí³ñòü ðîçì³ðó ³ ôîðìè çåðåí â³ä ìîæëèâîñò³ ðîñòó â 
ïðîñòîð³, ðàô³íîâàíèé õ³ì³÷íèé ñêëàä, à òàêîæ çíàõîäæåííÿ â îäí³é ïîðîæ-
íèí³ ç íàäçâè÷àéíî ð³äê³ñíèì äëÿ ìåòåîðèò³â âèñîêîòåìïåðàòóðíèì ì³íå-
ðàëîì – êîðóíäîì. 

Ïèòàííÿ ïîõîäæåííÿ ñð³áëà â ìåòåîðèò³ çàëèøàºòüñÿ â³äêðèòèì. Â³äî-
ìî, ùî â çåìíèõ óìîâàõ ñàìîðîäíå ñð³áëî äîâîë³ ïîøèðåíå â çîíàõ âèâ³ò-
ðþâàííÿ ñóëüô³äíèõ ðóä. Ç óðàõóâàííÿì ò³ñíî¿ àñîö³àö³¿ ñð³áëà â ìåòåîðèò³ 
ç Fe,S,Ni-ã³äðîêñèäàìè, ÿê³ º ïðîäóêòîì îêèñíåííÿ ìåòàë-ñóëüô³äíèõ ôàç, 
³ çíàõ³äêàìè éîãî ëèøå â äâîõ ïîðîæíèíàõ ìåòàë-ñóëüô³äíî¿ îáîëîíêè çà 
â³äñóòíîñò³ â ³íøèõ ïîðîæíèíàõ ³ òð³ùèíàõ ïîë³ðîâàíîãî øë³ôà áóëî ïðè-
ïóùåíî (Ñåìåíåíêî, 2010; Ñåìåíåíêî, Ã³ð³÷, 2012) ïîä³áíèé äî çåìíîãî 
ìåõàí³çì óòâîðåííÿ ñàìîðîäíîãî ñð³áëà â ðåçóëüòàò³ ïðîöåñ³â âèâ³òðþâàííÿ 
ïåðâèííèõ çåðåí í³êåëèñòîãî çàë³çà ³ òðî¿ë³òó, ÿê³ ì³ñòèëè ñð³áëî. 

Ïîðÿä ³ç öèì ðàô³íîâàíèé õ³ì³÷íèé ñêëàä ñð³áëà âèêëèêàâ ñóìí³â ùî-
äî éîãî ìåòåîðèòíî¿ ïðèðîäè, àäæå äîì³íóâàííÿ íåð³âíîâàæíèõ ïðîöåñ³â 
ì³íåðàëîóòâîðåííÿ â êîñìîñ³ çóìîâëþº çá³ëüøåíèé âì³ñò ì³êðîåëåìåíò³â ó 
ì³íåðàëàõ. Ïîäàëüøèìè äîñë³äæåííÿìè ïåðåïîë³ðîâàíî¿ ïîâåðõí³ øë³ôà 
âèÿâëåíî íå ëèøå íîâ³ åêçîòè÷í³ âêëþ÷åííÿ, íàïðèêëàä ÷àñòî÷êè ñïëàâó ç 
äîì³íóâàííÿì êàäì³þ àáî á³ñìóòó, à é çì³íè â ìîðôîëîã³¿, à ñàìå ðîçêðèñ-
òàë³çàö³þ ãëîáóëÿðíèõ àãðåãàò³â ñàìîðîäíîãî ñð³áëà (ðèñ. 4.3, å). ×åðåç 10 
ðîê³â ï³ñëÿ ïåðøî¿ ñåð³¿ åëåêòðîííî-ì³êðîñêîï³÷íèõ äîñë³äæåíü îñòàíí³ 
ïåðåòâîðèëèñü íà àãðåãàòè ïëàñòèí÷àòèõ êðèñòàë³â ñð³áëà (ðèñ. 4.4). 

Òàêèì ÷èíîì, âèìóøåí³ êîíñòàòóâàòè íàÿâí³ñòü äîêàç³â çàáðóäíåííÿ 
ïîë³ðîâàíèõ øë³ô³â ìåòåîðèòà Êðèìêà ì³êðîê³ëüêîñòÿìè òåõíîãåííèõ 
êîìïîíåíò³â, ùî º äîâîë³ ïîøèðåíèì ÿâèùåì ó øë³ôîâàëüíèõ ëàáîðàòîð³-
ÿõ ñâ³òó. Äî òàêèõ çàáðóäíåíü ìîæóòü íàëåæàòè ³ «ñàìîðîäíèé âîëüôðàì», ³ 
«ñàìîðîäíå ñð³áëî». Âò³ì ÷åðåç â³äñóòí³ñòü ïðÿìèõ äîêàç³â ¿õ çåìíîãî ïîõî-
äæåííÿ ââàæàºìî çà äîö³ëüíå çáåðåãòè ñòðóêòóðíî-ì³íåðàëîã³÷í³ òà õ³ì³÷í³ 
õàðàêòåðèñòèêè öèõ çíàõ³äîê ÿê áàçîâèé ìàòåð³àë äëÿ ïîð³âíÿííÿ ç ìîæëè-
âèìè ïîäàëüøèìè çíàõ³äêàìè ñàìîðîäíèõ ìåòàë³â ó ìåòåîðèòàõ. 
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Р О З Д І Л  5 
 

УДАРНО-МЕТАМОРФІЧНЕ 
ПЕРЕТВОРЕННЯ МЕТЕОРИТА 

КРИМКА 
 
 
 
 
 
 

äàðíèé ìåòàìîðô³çì ð³çíî¿ ³íòåíñèâíîñò³ âïëèíóâ íà âñ³ ãðóïè ìå-
òåîðèò³â, îñîáëèâî íà ð³âíîâàæí³ ³ çíà÷íî ìåíøîþ ì³ðîþ – íåð³âíî-

âàæí³ õîíäðèòè (Stöffler et al., 1988, 1991). Õîíäðèò Êðèìêà íàëå-
æèòü äî ð³äê³ñíèõ òðüîõ ïàä³íü ïðèì³òèâíèõ õîíäðèò³â, êëàñèô³êîâàíèé ÿê 
S3 (ñëàáî óäàðíîìåòàìîðô³çîâàíèé), ùî â³äïîâ³äàº óäàðíîìó òèñêó â ä³àïà-

çîí³ 5–20 ÃÏà (Stöffler et al., 1991). Õî÷à äåÿê³ ³íäèâ³äóàëüí³ çðàçêè ìåòåî-
ðèòà íå âèÿâëÿþòü îçíàê óäàðíîãî ìåòàìîðô³çìó, á³ëüø³ñòü ç íèõ ì³ñòÿòü 
÷èñëåíí³ óäàðí³ ïðèêìåòè, ùî âêàçóþòü íà ³íòåðâàë òèñêó 25–45 ÃÏà (çà 
óìîâè íåïîðèñòî¿ ðå÷îâèíè) ³ çàëèøêîâó òåìïåðàòóðó â ö³ëîìó íå á³ëüø ÿê 

500 Ñ ç ëîêàëüíèìè ï³äâèùåííÿìè äî åâòåêòè÷íî¿ òî÷êè ïëàâëåííÿ ìåòàë-

òðî¿ë³òó 950 Ñ (Ñåìåíåíêî òà ³í., 1987). 
Â îäíîìó ç ³íäèâ³äóàëüíèõ çðàçê³â õîíäðèòà Êðèìêà ä³àãíîñòîâàíî 6 

âåëèêèõ ïîâí³ñòþ óäàðíî-ïåðåïëàâëåíèõ ä³ëÿíîê, ùî ð³äêî ñïîñòåð³ãàºòüñÿ 
â ïðèì³òèâíèõ õîíäðèòàõ ³ çàñâ³ä÷óº íàéâèùèé ñòóï³íü ¿õ ³ìïàêòíîãî ïåðå-
òâîðåííÿ â ìåòåîðèò³. Íèæ÷å íàâåäåíî ãîëîâí³ ðåçóëüòàòè ñòðóêòóðíî-
ì³íåðàëîã³÷íîãî òà õ³ì³÷íîãî äîñë³äæåííÿ öèõ ä³ëÿíîê, ÿê³ äåòàëüíî ðîç-
ãëÿíóòî â ïóáë³êàö³ÿõ Â.Ï. Ñåìåíåíêî òà Ê. Ïåððîíà (Semenenko, Perron, 
1995, 2005; Ñåìåíåíêî, Ïåððîí, 1996). 

Ñòðóêòóðíî-ì³íåðàëîã³÷íà õàðàêòåðèñòèêà. Ø³ñòü ñâ³òëî-ñ³ðèõ ä³ëÿíîê 
äîñèòü êðèõêî¿ áåçõîíäðîâî¿ ñèë³êàòíî¿ ðå÷îâèíè ä³àãíîñòîâàíî íà ïîâåðõ-
í³ çëàìó ³íäèâ³äóàëüíîãî çðàçêà ìåòåîðèòà Êðèìêà 1290/29, ùî ì³ñòèòü òà-
êîæ âóãëèñò³ êñåíîë³òè Gr1–Gr7. Ó ïîë³ðîâàíèõ øë³ôàõ ä³ëÿíêè ðîçì³ðîì 
â³ä 2 äî 15 ìì ìàþòü âèäîâæåíó íåïðàâèëüíó ôîðìó, äèôóçí³ ìåæ³ ³ ñêëà-
äàþòüñÿ ç äâîõ â³äì³ííèõ çà ñòðóêòóðîþ ÷àñòèí – ïîâí³ñòþ ïåðåïëàâëåíîãî 
ÿäðà òà ÷àñòêîâî ïåðåïëàâëåíî¿ ïåðåõ³äíî¿ çîíè. 

Ïåðåïëàâëåí³ ä³ëÿíêè ìàþòü ïîä³áíó äî ïîðô³ðîâèõ õîíäð ìàãìàòè÷íó 

ñòðóêòóðó (ðèñ. 5.1, à) ³ ñêëàäàþòüñÿ ç êðóïíèõ ³ä³îìîðôíèõ (äî 50  50 ìêì) 

àáî ñêåëåòíèõ (äî 200  20 ìêì) êðèñòàë³â îë³â³íó, ð³äê³ñíèõ Ñà-á³äíèõ ï³-

ðîêñåí³â (äî 120  20 ìêì), ïîîäèíîêèõ êðóïíèõ ìåòàë-òðî¿ë³òîâèõ çåðåí 

(äî 1,5  2 ìì), ÿê³ ìàþòü êîì³ð÷àñòó àáî äåíäðèòíó áóäîâó (ðèñ. 5.1, á, â), 
à òàêîæ ïðèõîâàíîêðèñòàë³÷íîãî ìåçîñòàçèñó ³ç ñóáì³êðîííèìè çåðíàìè 
ï³ðîêñåí³â, îë³â³íó ³ ïëàã³îêëàçó. 

Ñêëàä îë³â³íó çì³íþºòüñÿ ÿê â³ä çåðíà äî çåðíà, òàê ³ â ìåæàõ çåðåí 
(òàáë. 5.1), õî÷à â ð³çíèõ ïåðåïëàâëåíèõ ä³ëÿíêàõ ìåæ³ âàð³þâàííÿ (Fa10–28) 
ïîä³áí³ é íå çàëåæàòü â³ä ìîðôîëîã³¿ êðèñòàë³â. Ïîð³âíÿíî ç îë³â³íîì ó õîí- 
äðèò³ â ö³ëîìó (Dodd et al., 1967) îë³â³í ó ïåðåïëàâëåíèõ ä³ëÿíêàõ õàðàêòå- 
 

У 
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Ðèñ. 5.2. Âì³ñò ôàÿë³òîâîãî êîìïîíåíòà â îë³â³í³ õîíäðèòà Êðèìêà (Semenenko, Perron, 
2005): à – îñíîâíà ÷àñòèíà õîíäðèòà (103 êðèñòàëè; âì³ñò Fe (%, çà ìàñîþ) ïåðåðàõîâà-
íî íà âì³ñò ôàÿë³òîâîãî êîìïîíåíòà (%, ìîë. ÷àñòêà) â³äïîâ³äíî äî ñòåõ³îìåòð³¿ (Dodd 
et al., 1967)); á – óäàðíî-ïåðåïëàâëåí³ ä³ëÿíêè õîíäðèòà (93 êðèñòàëè); òðè êðèñòàëè ç 
íàéá³ëüøèìè çíà÷åííÿìè Fa-êîìïîíåíòà ðîçì³ùóþòüñÿ ó ìåòàë-òðî¿ë³òîâîìó çåðí³ 

Fig. 5.2. The Fa-contents of olivine in the Krymka chondrite (Semenenko, Perron, 2005): à – 
in the Krymka host (103 crystals; Fe wt. % was changed to Fa mol. % assuming stoichiometry 
from Dodd et al., 1967); á – in the Krymka shock-melted regions (93 crystals). The three crys-
tals with the highest Fa content are located within à metal-troilite grain 

 
 
Ìåòàë-òðî¿ë³òîâ³ çåðíà ðîçì³ùóþòüñÿ íà ïåðèôåð³¿ ïåðåïëàâëåíèõ ä³-

ëÿíîê, âîíè çáåðåãëè ÷³òê³ îçíàêè ë³êâàö³¿ ìåòàë-ñóëüô³äíîãî ðîçïëàâó. 
Ôîðìà çåðåí îêðóãëà àáî íåïðàâèëüíà, ñòðóêòóðà – äåíäðèòíà àáî êîì³ð-
÷àñòà (äèâ. ðèñ. 5.1, á, â; 5.4, à). Ðîçì³ð ìåòàëåâèõ äåíäðèò³â ó òðî¿ë³ò³ â³ä-

ïîâ³äàº ≤10  100 ìêì, êîì³ðîê – ≤40  40 ìêì. Âîíè õàðàêòåðèçóþòüñÿ 
çîíàëüíîþ áóäîâîþ ³ ñêëàäàþòüñÿ ç ÿäðà, â ÿêîìó âì³ñò í³êåëþ âàð³þº â 
ìåæàõ 11,5–19 %, ³ çáàãà÷åíî¿ í³êåëåì îáîëîíêè. Ñêëàä ÿäåð ïîä³áíèé äî 
ìàðòåíñèòîâîãî, õî÷à ìàðòåíñèòîâó ñòðóêòóðó íå âèÿâëåíî íàâ³òü ó ïðîòðàâ- 
ëåíèõ í³òàëîì çðàçêàõ. Íàéá³ëüøèé âì³ñò í³êåëþ â îáîëîíêàõ, äîñèòü òîí-
êèõ äëÿ ïðåöèç³éíèõ âèì³ðþâàíü, â³äïîâ³äàº ≥38 % (çà ìàñîþ). Êîáàëüò 
íàÿâíèé â óñ³õ çåðíàõ ìåòàëó, ôîñôîð – ó á³ëüøîñò³ ç íèõ (òàáë. 5.2; 
ðèñ. 5.5, 5.6). Ðîçïîä³ë êîáàëüòó ìàéæå îäíîð³äíèé – 0,83–0,96 %, çà ìà-
ñîþ (ðèñ. 5.5), à êîíöåíòðàö³ÿ ôîñôîðó º çì³ííîþ (ðèñ. 5.6). Ëèøå â 
ºäèíîìó çåðí³ âì³ñò êîáàëüòó çì³íþºòüñÿ â³ä 1,8 äî 5 %, çà ìàñîþ, âì³ñò 
ôîñôîðó – íèæ÷å ìåæ³ âèÿâëåííÿ. Ùå îäíà ìåòàëåâà êîì³ðêà â òîìó ñà-
ìîìó ìåòàë-òðî¿ë³òîâîìó çåðí³ õàðàêòåðèçóºòüñÿ ï³äâèùåíîþ êîíöåíòðàö³ºþ 
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Òàáëèöÿ 5.1. Õ³ì³÷íèé ñêëàä (%, çà ìàñîþ) ñèë³êàò³â, ìåçîñòàçèñó òà õðîì³òó â óäàðíî-ïåðå 

Table 5.1. Chemical composition (wt. %) obtained by electron microprobe of silicates, mesostasis and 

Êîìïî-
íåíò 

Îë³â³í â ìåçîñòàçèñ³ Îë³â³í â ìåòàë-òðî¿ë³ò³ Ï³ðîêñåí 

ìåæ³ (85) ñåðåäíº ìåæ³ (3) ñåðåäíº ìåæ³ (4) ñåðåäíº 

SiO2 36,4–40,6 39,3 34,9–36,3 35,5 52,7–54,5 53,8 
TiO2 Í. â.–0,08 0,04 Í. â.–0,09 0,04 0,09–0,19 0,13 
Al2O3 Í. â.–0,16 0,04 Í. â.–0,09 0,04 0,42–0,92 0,61 
Cr2O3 Í. â.–0,86 0,42 0,11–0,31 0,23 1,50–2,00 1,79 
V2O3 Í. â. 0,05 Í. â. 0,05 Í. â. 0,05 

Fe2O3
2       

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 Í. â.–0,28 0,12 Í. â.–0,28 0,12 1,92–4,83 3,27 
Na2O Í. â.–0,07 0,04 Í. â.–0,07 0,05 Í. â.–0,34 0,16 
K2O Í. â.–0,05 <0,03 Í. â. <0,03 Í. â.–0,05 <0,03 
P2O5 Í. â.–0,20 0,05 0,14–0,90 0,44 Í. â.–0,12 0,06 
Ñóìà  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 

Ïðèì³òêà. Ó äóæêàõ âêàçàíî ê³ëüê³ñòü àíàë³ç³â. Í. â. – íèæ÷å ð³âíÿ âèçíà÷åííÿ. 
1 Óñ³ õðîì³òè çíàõîäÿòüñÿ â ìåòàë-òðî¿ë³òîâèõ çåðíàõ. 
2 Ðîçðàõîâàíèé âì³ñò. 

Note. The number of analysis is in brackets; Í. â. is not determined. 
1 All chromites are located within the metal-troilite grains. 
2 Calculated contents. 

 
Òàáëèöÿ 5.2. Õ³ì³÷íèé ñêëàä (%, çà ìàñîþ) í³êåëèñòîãî çàë³çà ³ òðî¿ë³òó â óäàðíî-ïåðå- 

ïëàâëåíèõ ä³ëÿíêàõ õîíäðèòà Êðèìêà, âèçíà÷åíèé íà ì³êðîçîíä³ (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) 

Åëåìåíò 

Çàë³çî 
Òðî¿ë³ò 

íèçüêîí³êåëèñòå âèñîêîí³êåëèñòå 

ìåæ³ (75) ñåðåäíº ìåæ³ (9) ñåðåäíº ìåæ³ (20) ñåðåäíº 

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 Í. â.–0,07 0,05 Í. â.–0,17 0,07 Í. â.–0,20 0,08 
Cr Í. â.–0,12 <0,02 Í. â.–0,03 <0,02 Í. â.–0,08 <0,03 
P Í. â.–0,72 0,40 Í. â.–0,61 0,20 Í. â.–0,93 0,07 
S Í. â.–2,07 0,14 Í. â.–0,70 0,30 35,9–39,7 38,0 

Ñóìà  100,3  100,1  100,7 

Ïðèì³òêà. Ó äóæêàõ âêàçàíî ê³ëüê³ñòü àíàë³ç³â; Í. â. – íèæ÷å ð³âíÿ âèçíà÷åííÿ. 
* 0,93, ÿêùî íå áðàòè äî óâàãè 5 àíàë³ç³â äâîõ âèñîêîêîáàëüòîâèõ çåðåí. 

Note. The number of analysis is in brackets; Í. â. is not determined. 
* 0,93 when not taking into account 5 analyses of 2 Co-rich grains. 
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ïëàâëåíèõ ä³ëÿíêàõ õîíäðèòà Êðèìêà, âèçíà÷åíèé íà ì³êðîçîíä³ (Semenenko, Perron, 2005) 

chromites within the shock-melted regions of the Krymka chondrite (Semenenko, Perron, 2005) 

Ìåçîñòàçèñ Õðîì³ò òèïó 11 Õðîì³ò òèïó 21 

ìåæ³ (17) ñåðåäíº ìåæ³ (21) ñåðåäíº ìåæ³ (4) ñåðåäíº 

46,7–75,1 58,3 Í. â.–0,35 0,09 Í. â.–0,16 0,10 
0,14–0,46 0,34 Í. â.–0,22 0,10 Í. â.–0,11 0,06 
2,66–12,9 6,85 Í. â. 0,04 Í. â. 0,04 
Í. â.–1,78 0,58 62,0–65,7 63,8 61,6–62,2 62,0 

Í. â. 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 Í. â.–0,40 0,09 Í. â.–0,54 0,32 
0,68–9,56 5,34 Í. â. <0,03 Í. â.–0,05 <0,03 
0,31–4,33 1,33 Í. â.–0,08 0,04 Í. â.–0,06 0,04 
0,18–1,47 0,44 Í. â. <0,03 Í. â. <0,03 
Í. â.–1,65 0,36 Í. â.–0,08 0,05 Í. â.–0,24 0,08 

 99,1  99,1  98,5 
      
      
      
      

 
 
 

 
 
 

 
êîáàëüòó (1,2 %, çà ìàñîþ) ³ íå ì³ñòèòü ôîñôîðó. Âì³ñò í³êåëþ â öèõ äâîõ 
êîì³ðêàõ ñòàíîâèòü 13,3–17,1 %, çà ìàñîþ. Çáàãà÷åí³ í³êåëåì êîì³ðêè 

(30,7–51,3 %, çà ìàñîþ) ðîçì³ðîì ≤4  4 ìêì ðîçì³ùóþòüñÿ íà ïåðèôåð³¿ 
äåÿêèõ ìåòàë-òðî¿ë³òîâèõ çåðåí. 

Çà ì³íåðàëîã³÷íèìè îñîáëèâîñòÿìè ³ ñêëàäîì Fe,Ni-ìåòàëó âèä³ëåíî 
äâà òèïè ìåòàë-òðî¿ë³òîâèõ çåðåí. Ñòðóêòóðà ïåðøîãî òèïó (ðèñ. 5.7, à) 
ïîä³áíà äî ñòðóêòóðè ìåòàë-òðî¿ë³òîâèõ çåðåí ó õîíäðèò³ Ramsdorf, ÿêèé 
çàçíàâ ³íòåíñèâíîãî óäàðíîãî ìåòàìîðô³çìó (Begemann, Wlotzka, 1969). 
Ñêëàä ìåòàëåâèõ ÿäåð (îòðèìàíî äî òðàâëåííÿ) çíàõîäèòüñÿ â ìåæàõ 11,5–
15,0 % Ni ³ 0,19–0,70 % Ð (çà ìàñîþ) ³ õàðàêòåðèçóºòüñÿ â ö³ëîìó ïîçèòèâ-
íîþ êîðåëÿö³ºþ í³êåëü–ôîñôîð (äèâ. ðèñ. 5.6, à). Ïðîòå ïîáëèçó ïåðèôå-
ð³¿ êîì³ðîê ç³ çá³ëüøåííÿì âì³ñòó í³êåëþ êîíöåíòðàö³ÿ ôîñôîðó çìåíøó-

ºòüñÿ äî 0,1 %, çà ìàñîþ. Ï³ñëÿ òðàâëåííÿ ïîë³ðîâàíîãî øë³ôà íà ïîâåðõí³ 
Fe,Ni-ìåòàëó ç’ÿâèëèñü íåð³âíîì³ðíî ðîçïîä³ëåí³ ñóáì³êðîíí³ ïîðîæíèíè, 
îêðóãëà ³ ïðÿìîêóòíà ôîðìà ÿêèõ çàñâ³ä÷óº íàÿâí³ñòü âòðà÷åíèõ ó ïðîöåñ³ 
òðàâëåííÿ ì³êðîâêëþ÷åíü ðàáäèòó. Ïðîòðàâëåíèé ìåòàë ìàº îäíîð³äíèé 
ñêëàä ç 11,2–12,6 %, çà ìàñîþ, Ni ³ 0,19–0,43 % P. Ôîñôîð, ³ìîâ³ðíî, ì³ñ-
òèòüñÿ â òâåðäîìó ðîç÷èí³. Òðî¿ë³ò ó öèõ çåðíàõ ì³ñòèòü çì³ííó êîíöåíòðà-
ö³þ í³êåëþ ç äîì³íóâàííÿì ó ä³àïàçîí³ 0,6–1,2 %, çà ìàñîþ (òàáë. 5.2) ³ 
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Ðèñ. 5.3. Òðåíäè çîíàëü-
íèõ êðèñòàë³â îë³â³íó õîí-
äðèòà Êðèìêà (Semenenko, 
Perron, 2005) (âì³ñò êîì-
ïîíåíò³â ó öåíòð³ òà íà 
ïåðèôåð³¿ êîæíîãî êðèñ-
òàëà ç’ºäíàí³ òàêèì ÷èíîì, 
ùî âêàçóþòü íàïðÿìîê â³ä 
öåíòðó äî ïåðèôåð³¿): à – 
CaO-Fa ó ïîðô³ðîâèõ îë³-
â³íîâèõ õîíäðàõ òèïó II â 
îñíîâí³é ÷àñòèí³ õîíäðèòà 
çà äàíèìè (Radomsky, He- 
wins, 1990); á–ã – â óäàð-
íî-ïåðåïëàâëåíèõ ä³ëÿí-
êàõ õîíäðèòà. Á³ëüø³ñòü 
êðèñòàë³â îë³â³íó ìàº ïðÿ-
ìó çîíàëüí³ñòü â³äïîâ³äíî 
äî çðîñòàííÿ âì³ñòó ôàÿë³-
òîâîãî êîìïîíåíòà, CaO, 
Cr2O3 òà MnO â³ä öåíòðó 
äî ïåðèôåð³¿. Îäèí ç äâîõ 
êðèñòàë³â, ùî ìàþòü çâî-
ðîòíó Fa-çîíàëüí³ñòü, ðîç-
ì³ùóºòüñÿ â ìåòàë-òðî¿ë³- 
òîâîìó çåðí³ (øòðèõîâà ë³- 
í³ÿ) 

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): à – CaO-Fa in the type II porphyritic olivine chondrules of the Krymka host 
(Radomsky and Hewins, 1990); á–ã – in the Krymka shock-melted regions. Most olivine crys-
tals are normally zoned with Fa, CaO, Cr2O3, 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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êîþ çñóâíî¿ äåôîðìàö³¿, ùî çàñâ³ä÷óº ïðèíàéìí³ ùå îäèí äîäàòêîâèé óäàð, ÿêèé â³äáóâ-
ñÿ ï³ñëÿ çàòâåðä³ííÿ ôîñôàòíî¿ ãëîáóëè 

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): à – a cellular structure of the metal-troilite 
grain. Black round areas in troilite are phosphate globules. Most globules contain euhedral chro-
mite microcrystals; á – a phosphate globule with euhedral chromite microcrystals (arrows), which 
are located at the edge; â – a phosphate globule with clear evidence of shear deformation, which 
indicates at least one additional shock occurred after solidification of the phosphate globule 

 
äî 0,25 % Co. Õàðàêòåðíîþ îñîáëèâ³ñòþ òðî¿ë³òó º âêëþ÷åííÿ êðóïíèõ (≤25  
 15 ìêì) ³ä³îìîðôíèõ êðèñòàë³â õðîì³òó ³ òîíêèõ (≤2 ìêì) ãëîáóëÿðíèõ âêëþ-
÷åíü ôîñôàò³â. Êðèñòàëè õðîì³òó ìàþòü çì³ííèé ñêëàä (äèâ. òàáë. 5.1) òà íèæ÷³ 
êîíöåíòðàö³¿ Al2O3, MgO ³ TiO2, í³æ õðîì³ò õîíäðèòà Êðèìêà â ö³ëîìó (Bunch 
et al., 1967). Íàéá³ëüøèé êðèñòàë õðîì³òó º çîíàëüíèì ³ õàðàêòåðèçóºòüñÿ çìåí-
øåííÿì âì³ñòó Cr2O3 â³ä ÿäðà (65,2 %, çà ìàñîþ) äî ïåðèôåð³¿ (62,4 %). 

Ìåòàë-òðî¿ë³òîâ³ çåðíà òèïó 2 (ðèñ. 5.7, á) â³äð³çíÿþòüñÿ â³ä çåðåí òè-
ïó 1 òàêèìè îñîáëèâîñòÿìè: 

1) íàÿâí³ñòþ ó Fe,Ni-ìåòàë³ òîíêèõ çâèâèñòèõ ³ çáàãà÷åíèõ í³êåëåì 
ñòð³÷îê ³ç ìàêñèìàëüíèì éîãî âì³ñòîì äî 28 % (äàí³ EDS ï³ñëÿ òðàâëåííÿ; 
ðåàëüíå çíà÷åííÿ ìàº áóòè âèùèì); íåîäíîð³äíèì âì³ñòîì í³êåëþ ³ ôîñ-
ôîðó (äàí³ ì³êðîçîíäà äî òðàâëåííÿ) â ÿäðàõ (12,5–19,0 ³ 0–0,7 %, çà ìà-
ñîþ, â³äïîâ³äíî); êîðåëÿö³ºþ âì³ñòó ôîñôîðó ³ í³êåëþ ì³æ ñîáîþ ëèøå çà 
âì³ñòó í³êåëþ íèæ÷å 14 % (äèâ. ðèñ. 5.6, á); 

Ðèñ. 5.4. BSE-çîáðàæåííÿ ìåòàë-òðî¿ë³òî-
âîãî çåðíà äðóãîãî òèïó â óäàðíî-ïåðå-
ïëàâëåí³é ä³ëÿíö³ â ïîë³ðîâàíîìó øë³ô³ 
õîíäðèòà Êðèìêà (Semenenko, Perron, 
2005) (á³ëå, ñâ³òëî-ñ³ðå – í³êåëèñòå çàë³çî; 
â³ä ñâ³òëî- äî òåìíî-ñ³ðîãî – òðî¿ë³ò; ÷îð-
íå – ôîñôàò): à – êîì³ð÷àñòà áóäîâà 
ìåòàë-òðî¿ë³òîâîãî çåðíà; ÷îðí³ îêðóãë³ 
ä³ëÿíêè â òðî¿ë³ò³ º ãëîáóëàìè ôîñôàòó; 
á³ëüø³ñòü ãëîáóë ì³ñòÿòü ³ä³îìîðôí³ ì³ê-
ðîêðèñòàëè õðîì³òó; á – ãëîáóëà ôîñôàòó 
ç ðîçòàøîâàíèìè ïî ïåðèôåð³¿ ³ä³îìîðô-
íèìè ì³êðîêðèñòàëàìè õðîì³òó (äèâ. ñòð³ë- 
êè); â – ãëîáóëà ôîñôàòó ç ÷³òêîþ îçíà- 
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Ðèñ. 5.5. Âì³ñò í³êåëþ ³ êîáàëüòó â çåðíàõ í³êåëèñòîãî çàë³çà â óäàðíî-ïåðåïëàâëåíèõ 
ä³ëÿíêàõ (1) òà â ¿õ ïåðåõ³äíèõ çîíàõ (2). Õîíäðèò Êðèìêà (Semenenko, Perron, 2005). 
Ï’ÿòü òî÷îê ³ç âì³ñòîì êîáàëüòó ïîíàä 1 %, çà ìàñîþ, îòðèìàíî ó äâîõ ìåòàëåâèõ êîì³ð-
êàõ ó ïåðåïëàâëåí³é ä³ëÿíö³. ²íø³ òî÷êè ³ç âì³ñòîì êîáàëüòó >2 % òà í³êåëþ <31 % îò-
ðèìàíî â øåñòè çåðíàõ îäí³º¿ ç ïåðåõ³äíèõ çîí (íå àñîö³þº ç ïåðåïëàâëåíîþ ä³ëÿíêîþ) 

Fig. 5.5. Ni vs. Co plot of the metal grains within the Krymka shock-melted regions (Semenenko, 
Perron, 2005). Solid circles – melted regions (ïåðåïëàâëåí³ ä³ëÿíêè); open circles – transition 
zones (ïåðåõ³äí³ çîíè). 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) íèæ÷èì âì³ñòîì ³ ìåíøèì ðîçì³ðîì êðèñòàë³â õðîì³òó (≤10–

15 ìêì) â ìåæàõ òðî¿ë³òó ³ âèùîþ (çà ðîçðàõóíêàìè) êîíöåíòðàö³ºþ Fe2O3 â 
õðîì³ò³; íàÿâí³ñòþ òîíêî¿ îáîëîíêè ôîñôàòó â êðóïíèõ êðèñòàëàõ õðîì³òó; 

3) âêëþ÷åííÿìè ó òðî¿ë³ò³ êðóïíèõ ôîñôàòíèõ ãëîáóë (ä³àìåòð äî 

20 ìêì), ÿê³ ì³ñòÿòü ì³êðîêðèñòàëè õðîì³òó (≤1 ìêì, äèâ. ðèñ. 5.4, á); îäíà 
ç ôîñôàòíèõ ãëîáóë ìàº ÷³òê³ îçíàêè çñóâíî¿ äåôîðìàö³¿ (ðèñ. 5.4, â). 

Õ³ì³÷íèé ñêëàä ôîñôàò³â íåîäíîð³äíèé ³ çàñâ³ä÷óº íàÿâí³ñòü çì³ííèõ 
êîíöåíòðàö³é õðîìó (äî 15 %, çà ìàñîþ, Cr2O3), ³ìîâ³ðíî, âíàñë³äîê ì³êðî-
âêëþ÷åíü õðîì³òó, à òàêîæ êðåìí³þ (äî 24 % SiO2) ³ ìàãí³þ (äî 12,7 % 
MgO), çóìîâëåíèõ çàáðóäíåííÿì ñèë³êàòàìè. Àíàë³òè÷í³ ñóìè ñèñòåìàòè÷-
íî íèçüê³. Ç óðàõóâàííÿì ëèøå àíàë³ç³â ç íàéíèæ÷èìè êîíöåíòðàö³ÿìè 
õðîìó (<0,6 %, çà ìàñîþ, Cr2O3) ³ êðåìí³þ (<0,2 % SiO2) õ³ì³÷íèé ñêëàä 
ôîñôàòó â³äïîâ³äàº, %, çà ìàñîþ: 7–11 Na2O, 0,5 K2O, 40–50 FeO, 0,45 
MnO, 37–40 Ð2Î5, <0,2 MgO, <0,2 SiO2 òà <0,2 ÑàÎ. Ïîð³âíÿíî ç íàòð³é-
çàë³çèñòèì ôîñôàòîì – ìàðèñèòîì (FeNaPO4, 17,8 Na2O, 41,3 FeO ³ 40,8 
P2O5), öåé ñêëàä äåùî çá³äíåíèé íàòð³ºì. 

Ðàìàí³âñüê³ ñïåêòðè ãëîáóë (ðèñ. 5.8, à) ìàþòü øèðîê³ ñìóãè â îáëàñò³ 
÷àñòîò 950–1100 ñì—1, õàðàêòåðí³ äëÿ ôîñôàò³â, îñîáëèâî äëÿ ìàðèñèòó 
(ðèñ. 5.8, á; Mostefaoui, 1996). Ðîçøèðåí³ñòü ñìóã âêàçóº íà ñêëîïîä³áíèé 
ñòàí ôîñôàòó. Äåÿê³ ç³ ñïåêòð³â òàêîæ ìàþòü øèðîê³ ñìóãè ó ä³àïàçîí³ 
500–700 ñì—1 (âåðõíÿ ÷àñòèíà ñïåêòðà íà ðèñ. 5.8, à), ùî õàðàêòåðíî äëÿ 
ñèë³êàòíîãî ñêëà. Öå óçãîäæóºòüñÿ ç õ³ì³÷íèìè àíàë³çàìè, ÿê³ çàñâ³ä÷óþòü 
íàÿâí³ñòü êðåìí³þ â ãëîáóëàõ. Çîêðåìà, âåðõí³é ñïåêòð íà íèæí³õ ÷àñòîòàõ 
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(ðèñ. 5.8, à) äóæå ïîä³áíèé äî ñïåêòðà îáñèä³àíó (ðèñ. 5.8, â (Montagnac, 
2004)). Àëüòåðíàòèâíî ï³ê ïîáëèçó ÷àñòîòè 670 ñì—1 íà âåðõíüîìó ñïåêòð³ 
ðèñ. 5.8, à ìîæå áóòè ïîâ’ÿçàíèé ç íàÿâí³ñòþ â á³ëüøîñò³ ãëîáóë íåâåëèêèõ 
çåðåí õðîì³òó. Öå ï³äòâåðäæóºòüñÿ â³äñóòí³ñòþ òàêîãî ï³êó â îñíîâ³ ñïåêòðà 
íà ðèñ. 5.8, à, ùî â³äïîâ³äàº îäí³é ³ç ð³äê³ñíèõ ãëîáóë áåç âèäèìèõ âêëþ-
÷åíü õðîì³òó. Ñêëîïîä³áíèé ñòàí ãëîáóë âàæëèâèé äëÿ ì³êðîçîíäîâîãî 
àíàë³çó. Àíàë³çè ïðîâåäåíî ñôîêóñîâàíèì çîíäîì äëÿ óíèêíåííÿ âïëèâó 
äð³áíèõ êðèñòàë³â õðîì³òó. Â öèõ óìîâàõ âåëèê³ ïîðö³¿ íàòð³þ ìîæóòü áóòè 
âòðà÷åíèìè ç³ ñêëà, ùî ïîÿñíþº íèçüê³ àíàë³òè÷í³ ñóìè. Êîðåãóâàííÿ êîí-
öåíòðàö³é íàòð³þ äî çàãàëüíî¿ ñóìè 100 âêàçóº íà íàÿâí³ñòü 10–19 %, çà 
ìàñîþ, Na2O (â ñåðåäíüîìó 14,1 %). Òàêèì ÷èíîì, çðîáëåíî âèñíîâîê ïðî 
ëåãêå çá³äíåííÿ íàòð³ºì ³ çáàãà÷åííÿ çàë³çîì ñåðåäíüîãî ñêëàäó ôîñôàò³â 
ïîð³âíÿíî ç ìàðèñèòîì. 

Ïåðåõ³äí³ çîíè (øèðèíà 0,1–2 ìì) ì³æ ïåðåïëàâëåíèìè ä³ëÿíêàìè ³ ðå-
÷îâèíîþ ìåòåîðèòà â ö³ëîìó ìàþòü õîíäðèòîâó òåêñòóðó áåç îçíàê óäàðíî-
ãî ïëàâëåííÿ ñèë³êàò³â. Âîíè õàðàêòåðèçóþòüñÿ ÷àñòêîâèì ïåðåïëàâëåííÿì 
 

 

 

Ðèñ. 5.6. Âì³ñò í³êåëþ ³ ôîñôîðó â çåðíàõ í³êåëèñòîãî çàë³çà â óäàðíî-ïåðåïëàâëåíèõ ä³-
ëÿíêàõ (1) òèïó 1 ³ òèïó 2 òà ¿õ ïåðåõ³äíèõ çîíàõ (2). Õîíäðèò Êðèìêà (Semenenko, Per-
ron, 2005). Âñòàâêè â³äïîâ³äàþòü ÷àñòèí³ òèõ ñàìèõ äàíèõ â ³íøîìó ìàñøòàá³ äëÿ íàî÷-
íîñò³ íàÿâíîñò³ àáî â³äñóòíîñò³ êîðåëÿö³¿ ì³æ âì³ñòîì ôîñôîðó òà í³êåëþ 

Fig. 5.6. Ni vs. P plot of the metal grains within the Krymka shock-melted regions (1) of type 1 
(Òèï 1) and type 2 (Òèï 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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Ðèñ. 5.7. SEI-çîáðàæåííÿ ìåòàë (Ì)-òðî¿ë³òîâèõ (Tr) çåðåí ï³ñëÿ òðàâëåííÿ 5%-í³òàëîì â 
óäàðíî-ïåðåïëàâëåíèõ ä³ëÿíêàõ õîíäðèòà Êðèìêà (Semenenko, Perron, 2005): à – òèï 1; 
á – òèï 2. ×îðí³ òî÷êè º â³äáèòêàìè, éìîâ³ðíî, ôîñô³ä³â, ùî âèêðèøèëèñü. Ìåòàëåâ³ 
êîì³ðêè äâîõ òèï³â ìàþòü çáàãà÷åí³ í³êåëåì îáîëîíêè, îäíàê ìåòàë òèïó 2 ì³ñòèòü òàêîæ 
ñòð³÷êîïîä³áí³ çáàãà÷åí³ í³êåëåì çîíè 

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): à – type 1; á – 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 

 
çåðåí ìåòàëó ³ ïîâíèì – òðî¿ë³òó. Ïåðåïëàâëåíèé Fe,Ni-ìåòàë ïðåäñòàâëå-
íèé ãëîáóëàìè ³ ìåòàë-òðî¿ë³òîâèìè çåðíàìè. Âì³ñò í³êåëþ â íüîìó ïîä³á-
íèé äî éîãî âì³ñòó â ìåòàë³ ïåðåïëàâëåíèõ ä³ëÿíîê, àëå êîíöåíòðàö³ÿ ôîñ-
ôîðó çíà÷íî íèæ÷à (òàáë. 5.3; äèâ. ðèñ. 5.6). Áàãàòî ìåòàëåâèõ çåðåí íå áó-
ëè ïåðåïëàâëåíèìè. Çà âì³ñòîì í³êåëþ ñêëàä çåðåí â³äïîâ³äàº êàìàñèòó ³ 
 
Òàáëèöÿ 5.3. Õ³ì³÷íèé ñêëàä (%, çà ìàñîþ) í³êåëèñòîãî çàë³çà1 ³ òðî¿ë³òó â ïåðåõ³äíèõ çîíàõ 

Perron, 

Table 5.3. Chemical composition (wt. %) obtained by electron microprobe of nickel iron1 and 

Åëåìåíò 

Êàìàñèò Ìàðòåíñèò 

ìåæ³ (37) ñåðåäíº ìåæ³ (13) ñåðåäíº 

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 Í. â.–0,06 0,05 Í. â. 0,05 
Cr Í. â.–0,39 0,07 Í. â.–0,09 <0,02 
P Í. â.–0,19 <0,02 Í. â.–0,17 0,06 
S Í. â.–0,27 0,05 Í. â.–0,23 0,09 

Ñóìà  100,5  99,9 

Ïðèì³òêà. Ó äóæêàõ âêàçàíî ê³ëüê³ñòü àíàë³ç³â; Í. â. – íèæ÷å ð³âíÿ âèçíà÷åííÿ. 
1 Ðîçïîä³ë ì³æ ð³çíèìè òèïàìè í³êåëèñòîãî çàë³çà º äåùî äîâ³ëüíèì òà ïî ñóò³ çàñíîâà 
2 0,96, ÿêùî íå áðàòè äî óâàãè íàéâèùå çíà÷åííÿ âì³ñòó í³êåëþ. 

Note. The number of analysis is in brackets; Í. â. is not determined. 
1 The separation between the different kinds of metal is somewhat arbitrary and essentially based 
2 0,96, when not taking into account the highest Ni content value. 
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òåí³òó (ïåðåâàæíî òåòðàòåí³òó) ç õîíäðèòà Êðèìêà â ö³ëîìó. Çàãàëîì âì³ñò 
í³êåëþ ó ïåðåïëàâëåíîìó ³ íåïåðåïëàâëåíîìó Fe,Ni-ìåòàë³ çì³íþºòüñÿ â³ä 
2,8 äî 57,4 %. Ìàéæå ïîñò³éíèé âì³ñò õðîìó â êàìàñèò³ ³ òåí³ò³ (äî 0,5 %) 
ïîâ’ÿçàíèé ç íàÿâí³ñòþ ÷èñëåííèõ ì³êðîâêëþ÷åíü õðîì³òó â Fe,Ni-ìåòàë³ 
ìåòåîðèòà (Perron, Bourot-Denise, 1992). 

Çíà÷í³ âàð³àö³¿ êîíöåíòðàö³¿ êîáàëüòó â ìåòàë³ (äèâ. ðèñ. 5.5) âàðò³ îñî-
áëèâî¿ óâàãè. Ç 22 àíàë³ç³â çåðåí êàìàñèòó â 17 âì³ñò êîáàëüòó â³äïîâ³äàº 
àáî 0,2–0,6, àáî 1,0–1,9 %, çà ìàñîþ, ùî íàáëèæåíî â³äïîâ³äàº Fe,Ni-
ìåòàëó ó ìåòåîðèò³ â ö³ëîìó (Rambaldi, Wasson, 1984). Âîäíî÷àñ ó ï’ÿòè çå-
ðíàõ âèÿâëåíî çíà÷íî âèù³ êîíöåíòðàö³¿ êîáàëüòó (5,5–13,0 %, çà ìàñîþ). 
Äåÿê³ ç³ çáàãà÷åíèõ êîáàëüòîì çåðåí àñîö³þþòü ç âèñîêîí³êåëèñòîþ ôàçîþ, 
ÿêà òàêîæ çáàãà÷åíà êîáàëüòîì, àëå ìåíøîþ ì³ðîþ, í³æ êàìàñèò (âì³ñò êî-
áàëüòó ñòàíîâèòü 2,0–6,9 %, çà ìàñîþ). Íå âèêëþ÷åíî, ùî öÿ ôàçà º ìàð-
òåíñèòîì, íàÿâí³ñòü ÿêîãî âêàçóº íà ÷àñòêîâå ïëàâëåííÿ àáî ïðèíàéìí³ 
íàãð³â ó ïîë³ ñò³éêîñò³ òåí³òó. Àíàëîã³÷íî 6 ³ç 14 ïðîàíàë³çîâàíèõ (46,4–
57,4 %, çà ìàñîþ, Ni) çåðåí òåòðàòåí³òó ì³ñòÿòü 0,14–0,43 %, çà ìàñîþ, Co, 
à îäíå çåðíî – 0,84 % Ñî. Ïîðÿä ç öèì ³íø³ 7 çåðåí ì³ñòÿòü 1,2–2,5 %, çà 
ìàñîþ, Ñî – äîâîë³ âèñîêèé âì³ñò äëÿ òåòðàòåí³òó. Äåÿê³ ³ç çáàãà÷åíèõ êî-
áàëüòîì çåðåí òåòðàòåí³òó àñîö³þþòü ç³ çáàãà÷åíèì êîáàëüòîì êàìàñèòîì. 
Ïðîì³æí³ çíà÷åííÿ âì³ñòó í³êåëþ (23,6–42,5 %, çà ìàñîþ) ïîâ’ÿçàí³, ³ìî-
â³ðíî, ç àíàë³çàìè, ÿê³ âèêîíàíî ïîáëèçó ìåæ³ ì³æ êàìàñèòîì àáî ìàðòåí-
ñèòîì ³ òåòðàòåí³òîì. Âì³ñò êîáàëüòó â íèõ â³äïîâ³äàº 0,3–1,3 %, çà ìàñîþ, 
çà âèíÿòêîì îäíîãî çåðíà (4,3–6,3 % Co), ÿêå àñîö³þº ç³ çáàãà÷åíèìè êî-
áàëüòîì êàìàñèòîì ³ òåòðàòåí³òîì. 

Òðî¿ë³ò áóâ ïîâí³ñòþ ïåðåïëàâëåíèé ³ óòâîðèâ ù³ëüíó ñ³òêó æèëîê ³ 
ãëîáóë, à òàêîæ àñîö³àö³¿ ç Fe,Ni-ìåòàëîì. Ñêëàä òðî¿ë³òó â ïåðåõ³äí³é çîí³ 
òà ïåðåïëàâëåíèõ ä³ëÿíêàõ ïîä³áíèé (òàáë. 5.3), çà âèíÿòêîì îäí³º¿ òî÷êè 
 

 
óäàðíî-ïåðåïëàâëåíèõ ä³ëÿíîê õîíäðèòà Êðèìêà, âèçíà÷åíèé íà ì³êðîçîíä³ (Semenenko, 
2005) 

troilite within the transition zones of the Krymka chondrite (Semenenko, Perron, 2005) 

Ñåðåäí³é âì³ñò Ni Òåòðàòåí³ò Òðî¿ë³ò 

ìåæ³ (19) ñåðåäíº ìåæ³ (24) ñåðåäíº ìåæ³ (19) ñåðåäíº 

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 Í. â.–9,18 1,392 
0,34–6,31 1,43 0,14–2,73 1,26 0,06–0,34 0,14 
Í. â.–0,21 0,09 Í. â.–0,23 0,08 Í. â.–0,13 0,05 
Í. â.–0,06 <0,02 Í. â.–0,51 0,06 Í. â.–0,06 <0,02 
Í. â.–0,25 <0,03 Í. â.–0,12 <0,02 Í. â.–0,11 <0,02 
Í. â.–0,81 0,15 Í. â.–0,36 0,04 37,0–39,4 38,1 

 99,6  99,8  100,5 

 
íèì íà âì³ñò³ í³êåëþ. 

 

 
on Ni content. 
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Ðèñ. 5.8. Ðàìàí³âñüê³ ñïåêò-
ðè (Semenenko, Perron, 2005): 
à – äâ³ ôîñôàòí³ ãëîáóëè ó 
òðî¿ë³ò³ â óäàðíî-ïåðåïëàâ-
ëåíèõ ä³ëÿíêàõ õîíäðèòà 
Êðèìêà; á – äâà âêëþ÷åí-
íÿ ìàðèñèòó â ìåòàë³ õîíä-
ðèòà Bishunpur (Mostefaoui, 
1996); â – çðàçîê îáñèä³à- 
íó (1) (Montagnac, 2004) òà 
âêëþ÷åííÿ õðîì³òó (2) â ìå- 
òàë³ õîíäðèòà Forest Vale 

Fig. 5.8. Raman spectra (Se-
menenko, Perron, 2005) of: 
à – two phosphate globules 
within troilite in the Krymka 
shock-melted regions; á – 
two maricite inclusions in the 
metal of the Bishunpur chon-
drite (Mostefaoui, 1996); â – 
a sample of obsidian (Montag-
nac, 2004) and a chromite 
inclusion in the metal of the 
Forest Vale chondrite 

 
(9,2 %, çà ìàñîþ, Ni), ³ìîâ³ðíî, ÷åðåç íàÿâí³ñòü çáàãà÷åíîãî í³êåëåì ñóëü-
ô³äó, ìîæëèâî, ïåíòëàíäèòó. 

Ãåíåòè÷í³ àñïåêòè óäàðíî-ïåðåïëàâëåíèõ ä³ëÿíîê. Ñâ³òë³ ïåðåïëàâëåí³ ä³-
ëÿíêè õîíäðèòà Êðèìêà â ö³ëîìó ïîä³áí³ äî óäàðíî-ïåðåïëàâëåíèõ óëàì-
ê³â, ÿê³ çíàéäåíî â áàãàòüîõ õîíäðèòàõ (Rubin, 1985). ¯õ ìàãìàòè÷íó, à ñàìå 
ïîðô³ðîâó àáî ñêåëåòíó ñòðóêòóðó, ÿê ðåçóëüòàò ëîêàëüíîãî ïîâíîãî àáî 
ìàéæå ïîâíîãî ïåðåïëàâëåííÿ, ñïîñòåðåæåíî â áàãàòüîõ óëàìêàõ. Ïðîòå â 
õîíäðèò³ Êðèìêà âîíè ìàþòü â³äì³íí³ õàðàêòåðèñòèêè, ùî âêàçóþòü íà 
îñîáëèâîñò³ ¿õ ôîðìóâàííÿ. 

Íàÿâí³ñòü ÷àñòêîâî ïåðåïëàâëåíî¿ ïåðåõ³äíî¿ çîíè ì³æ öèìè ä³ëÿíêàìè 
³ ìåòåîðèòîì ó ö³ëîìó º íåçâè÷àéíîþ äëÿ ïåðåïëàâëåíî¿ ðå÷îâèíè óëàìê³â 
³ âêàçóº íà òå, ùî óäàðíå ïëàâëåííÿ â³äáóëîñÿ in situ. Íà â³äì³íó â³ä á³ëü-
øîñò³ ïåðåïëàâëåíèõ óëàìê³â, îïèñàíèõ À. Ðóá³íèì (Rubin, 1985), ïëàâëåí-
íÿ íå ñóïðîâîäæóâàëîñÿ ïîâíîþ âòðàòîþ Fe,Ni-ìåòàëó ³ ñóëüô³äó, ùî âêà-
çóº íà ïåðåïëàâëåííÿ â çàêðèò³é ñèñòåì³. Â³äïîâ³äíî äî òåðì³íîëîã³¿ (Ru-
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bin, 1985; Stöffler et al., 1991), ö³ ïåðåïëàâëåí³ ä³ëÿíêè ñë³ä ðîçãëÿäàòè ÿê 
âåëèê³ ä³ëÿíêè ðîçïëàâó. Ïåðåïëàâëåííÿ âñ³º¿ ïîðîäè ïîòðåáóº óäàðíîãî 
òèñêó íà ð³âí³ 75–90 ÃÏà â íåïîðèñò³é õîíäðèòîâ³é ðå÷îâèí³, àëå ìîæå 

ïî÷àòèñÿ çà òèñêó 30–35 ÃÏà â ïîðèñò³é ðå÷îâèí³ (Stöffler et al., 1991). Ïå-
ðåïëàâëåí³ ä³ëÿíêè â ìåòåîðèò³ Êðèìêà ìîãëè ñôîðìóâàòèñÿ çà ïîð³âíÿíî 
íèçüêîãî óäàðíîãî òèñêó âíàñë³äîê íàÿâíîñò³ ïîðèñòî¿, çáàãà÷åíî¿ ëåòêèìè 
åëåìåíòàìè òîíêîçåðíèñòî¿ ìàòðèö³. Ïîâíå ïëàâëåííÿ îçíà÷àº, ùî òåìïå-

ðàòóðà â ïåðåïëàâëåíèõ ä³ëÿíêàõ ñòàíîâèëà á³ëüø ÿê 1500 C (Herzberg, 
1979). Îäíàê õ³ì³÷íà íåîäíîð³äí³ñòü îë³â³íó ³ ìåçîñòàçèñó âêàçóº íà òå, ùî 
ðå÷îâèíà â öèõ ä³ëÿíêàõ çàëèøàëàñÿ ðîçïëàâëåíîþ ëèøå äóæå êîðîòêèé 
òåðì³í, îñê³ëüêè íå â³äáóëîñÿ ãîìîãåí³çàö³¿ ñèë³êàòíîãî ðîçïëàâó. Õî÷à âà-
ð³àö³¿ âì³ñòó ôàÿë³òîâîãî êîìïîíåíòà â îë³â³í³ º âóæ÷èìè, í³æ ó ìåòåîðèò³ 
â ö³ëîìó (ðèñ. 5.2), éîãî ñêëàä ùå äàëåêèé â³ä ð³âíîâàãè. 

Øâèäê³ñòü îõîëîäæåííÿ çà âèñîêèõ òåìïåðàòóð. Á³ëüø³ñòü õ³ì³÷íèõ ³ 
ì³íåðàëîã³÷íèõ îñîáëèâîñòåé, òàêèõ ÿê ë³êâàö³éíà ñòðóêòóðà ìåòàë-òðî¿-
ë³òîâèõ çåðåí, çîíàëüíèé ñêëàä îë³â³íó, Fe,Ni-ìåòàëó ³ õðîì³òó, íàÿâí³ñòü 
ìåçîñòàçèñó òà ãëîáóë ôîñôàòó â òðî¿ë³ò³, ñêåëåòíà áóäîâà êðèñòàë³â îë³â³íó 
³ ï³ðîêñåíó òà íàÿâí³ñòü ôîñôîðó â ìåòàë³ é í³êåëþ â òðî¿ë³ò³, âêàçóþòü íà 
íåð³âíîâàæí³ óìîâè êðèñòàë³çàö³¿ ì³íåðàë³â ó ðåçóëüòàò³ âèñîêî¿ øâèäêîñò³ 
îõîëîäæåííÿ óäàðíîãî ðîçïëàâó. Åêñïåðèìåíòàëüí³ äàí³ ùîäî ôàÿë³òîâî¿ 
çîíàëüíîñò³ îë³â³íó (Radomsky, Hewins, 1990), âì³ñòó í³êåëþ â òðî¿ë³ò³ 
(Smith, Goldstein, 1977) òà ñòðóêòóðíèõ îñîáëèâîñòÿõ í³êåëèñòîãî çàë³çà â 
ìåòàë-ñóëüô³äíèõ çåðíàõ (Scott, 1982) äàþòü çìîãó îö³íèòè øâèäê³ñòü îõî-
ëîäæåííÿ ïåðåïëàâëåíèõ ä³ëÿíîê. 

Çã³äíî ç åêñïåðèìåíòàëüíèìè äàíèìè, ñòóï³íü Fe-Mg-çîíàëüíîñò³ â 
îë³â³í³ çðîñòàº ç³ çá³ëüøåííÿì âì³ñòó FeO ³ øâèäêîñò³ îõîëîäæåííÿ (Bian-
co, Taylor, 1977; Radomsky, Hewins, 1990). Çîíàëüí³ òðåíäè ôàÿë³ò–ÑàÎ â 
êðèñòàëàõ îë³â³íó ïåðåïëàâëåíèõ ä³ëÿíîê (äèâ. ðèñ. 5.3) äóæå ïîä³áí³ äî 
òàêèõ òðåíä³â ó êðèñòàëàõ ç ïîðô³ðîâèõ îë³â³íîâèõ õîíäð òèïó II ìåòåîðèòà 

Êðèìêà, à òàêîæ ó øòó÷íèõ êðèñòàëàõ, îõîëîäæåíèõ ç³ øâèäê³ñòþ 1000 Ñ/ 
ãîä (Radomsky, Hewins, 1990). 

Á³ëüø³ñòü äîñë³äæåíèõ çåðåí òðî¿ë³òó ì³ñòÿòü í³êåëü. Ñåðåäíÿ êîíöåíò-
ðàö³ÿ í³êåëþ â òðî¿ë³ò³ ïåðåïëàâëåíèõ ä³ëÿíîê ³ ïåðåõ³äíèõ çîí ìàéæå òàêà 
ñàìà (1,10 ³ 0,96 % â³äïîâ³äíî). Á. Ñì³ò ³ Äæ. Ãîëäøòåéí (Smith, Goldstein, 
1977) âèçíà÷èëè ïðÿìó çàëåæí³ñòü ì³æ øâèäê³ñòþ îõîëîäæåííÿ ³ êîíöåíòðà-
ö³ºþ í³êåëþ â òðî¿ë³ò³. Çã³äíî ç öèìè äàíèìè, øâèäê³ñòü îõîëîäæåííÿ òðî¿-

ë³òó ó ïåðåïëàâëåíèõ ä³ëÿíêàõ á³ëüøà çà 100 Ñ/ãîä ³, ìîæëèâî, íàáàãàòî. 
Ë³êâàö³éíà ñòðóêòóðà ìåòàë-òðî¿ë³òîâèõ çåðåí º êðóïí³øîþ, í³æ ó ÷îð-

íèõ æèëêàõ çâè÷àéíèõ õîíäðèò³â (Semenenko, Golovko, 1994), àëå òîíøîþ, 
í³æ ó øâèäêî îõîëîäæåíèõ çåðíàõ ð³çíèõ õîíäðèò³â (Scott, 1982). Øâèä-
ê³ñòü îõîëîäæåííÿ R ìåòàëó ïåðåïëàâëåíèõ ä³ëÿíîê â ³íòåðâàë³ 1350–

950 Ñ îö³íåíî íàìè â 300 Ñ/ñ çà ôîðìóëîþ R = 530 000d —2,9, äå d – â³ä-
ñòàíü (ìêì) ì³æ âòîðèííèìè ìåòàëåâèìè äåíäðèòíèìè ã³ëêàìè àáî øèðè-
íà âèäîâæåíèõ ìåòàëåâèõ êîì³ðîê (Scott, 1982). ßêùî âçÿòè äî óâàãè çà-
ãàëüíó ïîìèëêó âèçíà÷åííÿ, ÿêó Å.Ð. Ñêîòò îö³íèâ ÿê ôàêòîð 12–15, òî 
âêàçàíà øâèäê³ñòü îõîëîäæåííÿ íà äâà ïîðÿäêè âèùà çà âèçíà÷åíó ç 
óðàõóâàííÿì çîíàëüíîñò³ îë³â³íó. Çàóâàæèìî, ùî ìåòîä âèì³ðþâàííÿ øè-
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ðèíè ì³æ ã³ëêàìè äåíäðèò³â âêàçóº íà øâèäê³ñòü îõîëîäæåííÿ â³ä 400 äî 

100 Ñ/ãîä äëÿ õîíäðèò³â Ramsdorf òà Rose City â³äïîâ³äíî (Scott, 1982), òî-
ä³ ÿê äîñë³äæåííÿ ìåòàë-òðî¿ë³òîâèõ çåðåí òà âì³ñòó í³êåëþ â òðî¿ë³ò³ çàñâ³ä-

÷óþòü øâèäê³ñòü îõîëîäæåííÿ 100 C/äåíü ³ 1 Ñ/ð³ê äëÿ òèõ ñàìèõ õîíä-
ðèò³â (Smith, Goldstein 1977). Íå ìàþ÷è òî÷í³øî¿ îö³íêè, ìîæíà ââàæàòè, 
ùî øâèäê³ñòü îõîëîäæåííÿ ïåðåïëàâëåíèõ ä³ëÿíîê á³ëüøà ³, ìîæëèâî, íà-
áàãàòî á³ëüøà çà 100 °Ñ/ãîä. 

Ñêëàä íåïðîçîðèõ ì³íåðàë³â. Õàðàêòåðíîþ îñîáëèâ³ñòþ Fe,Ni-ìåòàëó â 
ïåðåïëàâëåíèõ ä³ëÿíêàõ º çîíàëüíèé ñêëàä ³ íàÿâí³ñòü ôîñôîðó. Â³äïîâ³äíî 
äî ïîïåðåäí³õ äîñë³äæåíü (Begemann, Wlotzka, 1969), çáàãà÷åííÿ í³êåëåì 
îáîëîíêè íàâêîëî ìåòàëåâèõ êîì³ðîê ó òðî¿ë³ò³ ïîâ’ÿçàíî ç³ øâèäêîþ êðèñ-
òàë³çàö³ºþ í³êåëèñòîãî çàë³çà ç Fe-Ni-S ðîçïëàâó. Ïðèðîäà çáàãà÷åíèõ í³êå-
ëåì ñòð³÷îê ó ìåòàë³ òèïó 2 íåÿñíà ³ ïîòðåáóº äîäàòêîâèõ äîñë³äæåíü. 

Çã³äíî ç ë³òåðàòóðíèìè äàíèìè (Taylor, Heymann, 1971; Smith, Golds-
tein, 1977), íàÿâí³ñòü ôîñôîðó â óäàðíî-ïåðåïëàâëåíîìó ìåòàë³ çóìîâëåíà 
â³äíîâëåííÿì ôîñôàò³â çà âèñîêî¿ òåìïåðàòóðè ç ïîäàëüøèì ðîç÷èíåííÿì 
ôîñôîðó â ð³äêîìó ìåòàë³. Òàêà ïîâåä³íêà õàðàêòåðíà ³ äëÿ õðîìó. Â ïåðå-
ïëàâëåíèõ ä³ëÿíêàõ ôîñôîð ³ õðîì, ÿê³ ñïî÷àòêó çíàõîäèëèñü ó ôîñôàò³ é 
õðîì³ò³, áóëè â³äíîâëåí³ ³ ðîç÷èíåí³ ó Fe-Ni-S ðîçïëàâ³ çà âèñîêî¿ òåìïåðà-
òóðè. Ïðè îõîëîäæåíí³ ôîñôîð ðîçïîä³ëèâñÿ ì³æ ìåòàëîì, ùî çàòâåðä³âàâ, 
³ ðîçïëàâîì, çáàãà÷åíèì ñ³ðêîþ, òîä³ ÿê õðîì çàëèøèâñÿ ìàéæå ïîâí³ñòþ â 
îñòàííüîìó, ùî çàñâ³ä÷óº â³äñóòí³ñòü õðîìó â ìåòàëåâèõ êîì³ðêàõ. Òàêà ïî-
âåä³íêà õðîìó â ìåòàë-òðî¿ë³òîâèõ ðîçïëàâàõ óçãîäæóºòüñÿ ç éîãî õàëüêî-
ô³ëüíèì õàðàêòåðîì (Drake et al., 1978). Â ì³ðó êðèñòàë³çàö³¿ Fe,Ni-ìåòàëó 
çáàãà÷åíèé í³êåëåì ðîçïëàâ çáàãà÷óâàâñÿ ôîñôîðîì, íà ùî âêàçóº ïðÿìà 
êîðåëÿö³ÿ Ð–Ni â ìåòàë³, ÿêà õàðàêòåðíà äëÿ çàë³çíèõ ìåòåîðèò³â ó á³ëü-
øîìó ìàñøòàá³ (Haack, Scott, 1993). 

Ïðè ïîäàëüøîìó îõîëîäæåíí³ T – fO2 óìîâè ñïðèÿëè ïîâòîðíîìó 
îêèñíåííþ õðîìó ³ ôîñôîðó òà óòâîðåííþ êðèñòàë³â õðîì³òó ³ êðàïåëü çáà-
ãà÷åíîãî ôîñôàòîì ðîçïëàâó, ÿêèé íå çì³øóâàâñÿ ç ðîçïëàâîì Fe-Ni-S. ×àñ-
òèíà õðîìó ïîòðàïèëà â ö³ êðàïë³ é êðèñòàë³çóâàëàñü ó âèãëÿä³ ì³êðîííèõ 
çåðåí õðîì³òó, éìîâ³ðíî, ùå äî ¿õ çàòâåðä³âàííÿ. Øâèäêå îêèñíåííÿ ôîñ-
ôîðó â ðîçïëàâ³ îáìåæóâàëîñü éîãî âõîäæåííÿì ó ìåòàë, ùî êðèñòàë³çóâàâ-
ñÿ. Öåé ïðîöåñ ïîÿñíþº â³äñóòí³ñòü êîðåëÿö³¿ Ð–Ni çà âèñîêîãî âì³ñòó í³-
êåëþ â ìåòàë³ òèïó 1 ³ íèæ÷îãî âì³ñòó í³êåëþ â ìåòàë³ òèïó 2. Çàãàëüíå ïî-
âòîðíå îêèñíåííÿ â ðîçïëàâ³ áóëî äîñÿãíóòî äî îñòàòî÷íîãî çàòâåðä³ííÿ 
ìåòàëó ³ òðî¿ë³òó, ùî çóìîâèëî ìàéæå ïîâíó â³äñóòí³ñòü ôîñôîðó â çáàãà÷å-
íèõ í³êåëåì îáîëîíêàõ òà â êîì³ðêàõ, ÿê³ º îñòàííüîþ ïîðö³ºþ ìåòàëó, ùî 
êðèñòàë³çóâàâñÿ. Ïð³îðèòåòíå çìåíøåííÿ âì³ñòó ôîñôîðó ìàéæå äî íóëÿ 
õàðàêòåðíå äëÿ ä³ëÿíîê òèïó 2, ùî ìîæå áóòè çóìîâëåíî âèùîþ ëîêàëüíîþ 
ôóã³òèâí³ñòþ êèñíþ â íèõ ³ îêèñíåííÿì ôîñôîðó çà âèùèõ òåìïåðàòóð, 
í³æ ó ä³ëÿíêàõ òèïó 1. Öå óçãîäæóºòüñÿ ç á³ëüøèì ðîçì³ðîì ôîñôàòíèõ 
ãëîáóë ³, íàïåâíî, âèùèì âì³ñòîì Fe2O3 â õðîì³òàõ ó ä³ëÿíêàõ òèïó 2. 

Îõîëîäæåííÿ áóëî çàíàäòî øâèäêèì äëÿ îêèñíåííÿ ôîñôîðó â ìåæàõ 
òâåðäîãî ìåòàëó, òîìó êðèñòàë³çóâàëèñü òîíê³ çåðíà øðåéáåðçèòó. Äåÿêà 
ê³ëüê³ñòü ôîñôîðó çàëèøèëàñü â ìåòàñòàá³ëüíîìó òâåðäîìó ðîç÷èí³ Fe,Ni-
ìåòàëó. Âèñîêà øâèäê³ñòü îõîëîäæåííÿ ï³äòâåðäæóºòüñÿ òàêîæ ìàðòåíñèòî-
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âèì ñêëàäîì ìåòàëó. Åêñïåðèìåíòàëüíèìè äîñë³äæåííÿìè (Romig, Gold-
stein, 1981) âñòàíîâëåíî, ùî çà ïåâíèõ óìîâ ìîæëèâà êðèñòàë³çàö³ÿ øðåé-
áåðçèòó áåç ðîçêëàäàííÿ ìàðòåíñèòó. 

Çàãàðòóâàííÿ ôîñôàòíîãî ðîçïëàâó çóìîâèëî óòâîðåííÿ ñêëÿíèõ ãëîáóë 

ó òðî¿ë³ò³. Ñêëàä öèõ ôîñôàòíèõ ãëîáóë º íåçâè÷íèì ³ õàðàêòåðèçóºòüñÿ 

çáàãà÷åííÿì íàòð³ºì ³ çá³äíåííÿì êàëüö³ºì. Ñë³ä çàçíà÷èòè, ùî äåùî çáà-

ãà÷åí³ íàòð³ºì ôîñôàòí³ ãëîáóëè âèÿâëåíî ó ïåðåïëàâëåíîìó òðî¿ë³ò³ â 

ñèëüíî óäàðíîìó H6 õîíäðèò³ Yanzhuang (Chen, Xie, 1996), à òîíê³ êðèñòà-

ëè ìàðèñèòó (FeNaPO4) çíàéäåíî â ìåòàë-òðî¿ë³òîâèõ çåðíàõ ó ìåòåîðèò³ 

Bishunpur (Mostefaoui, 1996; Lauretta et al., 2001). Â³äîìî, ùî íàòð³é ÿê ëåò-

êèé åëåìåíò ëåãêî âèïàðîâóºòüñÿ ï³ä ÷àñ óäàðíîãî íàãð³âó ðå÷îâèíè. Êð³ì 

òîãî, íà ï³äñòàâ³ åêñïåðèìåíòàëüíîãî âèâ÷åííÿ Fe-S-ñèë³êàòíèõ ðîçïëàâ³â 

äîâåäåíî, ùî íàòð³é ³ êàë³é ð³çêî ðîçä³ëÿþòüñÿ ó ðîçïëàâ³ Fe-S (Gessmann, 

Wood, 2002; Murthy et al., 2003), ÿêèé ìîæå ì³ñòèòè âåëèêó ê³ëüê³ñòü êèñíþ 

(Gessmann, Wood, 2002). Íå âèêëþ÷åíî, ùî íàòð³é, ÿêèé âèïàðóâàâñÿ ç ïå-

ðåïëàâëåíèõ ä³ëÿíîê ìåòåîðèòà Êðèìêà, ðîç÷èíèâñÿ ðàçîì ç íåçíà÷íèìè 

ê³ëüêîñòÿìè êàë³þ ³ ìàíãàíó ó Fe-Ni-S-ðîçïëàâ³. Ðåàêö³ÿ íàòð³þ ç ðîç÷èíå-

íèìè ôîñôîðîì ³ êèñíåì çãîäîì çóìîâèëà óòâîðåííÿ ôîñôàòíèõ ãëîáóë. 

Äåÿê³ ç íèõ ì³ñòÿòü íåçíà÷í³ ê³ëüêîñò³ êðåìí³þ, ìàãí³þ ³ êàëüö³þ, ùî ìîæå 

áóòè ïîâ’ÿçàíî ç íàÿâí³ñòþ ó Fe-Ni-S-ðîçïëàâ³ íåâåëèêèõ ñèë³êàòíèõ çåðåí 

àáî êðàïåëü. 

Çñóâí³ äåôîðìàö³¿ ó ôîñôàòíèõ ãëîáóëàõ ³ â äåÿêèõ çåðíàõ òðî¿ë³òó çà-

ñâ³ä÷óþòü ïðèíàéìí³ ùå îäèí äîäàòêîâèé óäàð, ÿêèé â³äáóâñÿ ï³ñëÿ çàòâåð-

ä³ííÿ óäàðíèõ ðîçïëàâ³â. 

Ïîð³âíÿííÿ ç õîíäðàìè. Òåìïåðàòóðíî-÷àñîâ³ óìîâè óäàðíî-ïåðåïëàâ-

ëåíèõ ä³ëÿíîê ÿê³ñíî ïîä³áí³ äî óìîâ óòâîðåííÿ õîíäð. Êîðîòêèé íàãð³â äî 

âèñîêèõ òåìïåðàòóð òà øâèäêå îõîëîäæåííÿ ïðèâåëè äî âèíèêíåííÿ ïîä³á-

íî¿ ñòðóêòóðè ³ çîíàëüíîñò³ ñèë³êàòíèõ çåðåí. Õî÷à âèõ³äí³ ðå÷îâèíè áóëè, 

éìîâ³ðíî, ð³çíèìè, ñòàíîâèòü ³íòåðåñ ïîð³âíÿííÿ â äåÿêèõ äåòàëÿõ ðåçóëü-

òàò³â äâîõ ïðîöåñ³â, îñîáëèâî äëÿ íåïðîçîðèõ ôàç. 

ßê ó ïåðåïëàâëåíèõ ä³ëÿíêàõ õîíäðèòà Êðèìêà, òàê ³ â íåìåòàìîðô³çî-

âàíèõ àáî ñëàáîìåòàìîðô³çîâàíèõ õîíäðàõ òèïó I ó âóãëèñòèõ õîíäðèòàõ 

(òèï 2) (Grossman, Olsen, 1974; Weisberg et al., 1993), à òàêîæ ó LL3.0 çâè-

÷àéíîìó õîíäðèò³ Semarkona (Zanda et al., 1994), ôîñôîð ³ õðîì ó çíà÷í³é 

ê³ëüêîñò³ àñîö³þþòü ç ìåòàëîì àáî òðî¿ë³òîì. Ïðîòå ö³ àñîö³àö³¿ äåùî â³ä-

ì³íí³. Ó ïåðåïëàâëåíèõ ä³ëÿíêàõ õîíäðèòà ôîñôîð çíàõîäèòüñÿ ïåðåâàæíî 

â ðîç÷èíåí³é ôîðì³ ó Fe-Ni ³ â îêèñíåí³é ôîðì³ â òðî¿ë³ò³. Õðîì íàÿâíèé 

ëèøå â òðî¿ë³ò³ â îêèñíåí³é ôîðì³. Ó ïðèì³òèâíèõ õîíäðàõ òèïó I, äå ïåð-

âèííèé òðî¿ë³ò çàçâè÷àé ð³äê³ñíèé, ôîñôîð ³ õðîì ðîç÷èíåí³ â ìåòàë³. Äå-

ô³öèò ñóëüô³äó â öèõ õîíäðàõ, ³ìîâ³ðíî, çóìîâëåíèé éîãî âèïàðóâàííÿì 

ï³ä ÷àñ ïåðåïëàâëåííÿ õîíäð (Yu et al., 1996). Íàâïàêè, ïåðåïëàâëåí³ ä³ëÿí-

êè õîíäðèòà Êðèìêà, ÿê³ áóëè îòî÷åí³ õîëîäíîþ òâåðäîþ ðå÷îâèíîþ, ïî-

âîäèëè ñåáå ïîä³áíî äî çàêðèòèõ ñèñòåì, ³ ïðèíàéìí³ ó çíà÷í³é ÷àñòèí³ 

çáåðåãëè òðî¿ë³ò ó çðîñòêàõ ç Fe-Ni. 
Òîé ôàêò, ùî ôîñôîð ³ õðîì íàÿâí³ â îêèñíåí³é ôîðì³ â òðî¿ë³ò³ ïåðå-

ïëàâëåíèõ ä³ëÿíîê, çàñâ³ä÷óº âèùó ôóã³òèâí³ñòü êèñíþ, í³æ ó õîíäðàõ òè-
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ïó I, ³ ï³äòâåðäæóºòüñÿ á³ëüøèì âì³ñòîì FeO â ñèë³êàòàõ. Âîäíî÷àñ öå ìî-
æå áóòè ïîâ’ÿçàíî ç íèæ÷îþ òåìïåðàòóðîþ çàòâåðä³âàííÿ òðî¿ë³òó ïîð³âíÿ-
íî ç ìåòàëîì. Ïðè çàäàíîìó çíà÷åíí³ fO2 çíèæåííÿ òåìïåðàòóðè ñïðèÿº 
óòâîðåííþ îêñèä³â. Õðîì ³ ôîñôîð áóëè â ðîçïëàâ³ òðî¿ë³òó çà íèæ÷èõ òåì-
ïåðàòóð (øâèäê³ñòü äèôóç³¿ â íüîìó âèùà, í³æ ó òâåðäîìó ìåòàë³), ùî çóìî-
âèëî ¿õ ïîäàëüø³ îêèñíåííÿ ³ îñàäæåííÿ. Ôîñôîð ó ìåòàë³ çáåð³ãñÿ ó â³ä-
íîâëåí³é ôîðì³ ïîä³áíî äî ïðèì³òèâíîãî ìåòàëó õîíäð. 

Ôîñôàòí³ Na-Fe-ãëîáóëè, ÿê³ ä³àãíîñòîâàíî â òðî¿ë³ò³ ïåðåïëàâëåíèõ 
ä³ëÿíîê, íåâ³äîì³ â õîíäðàõ. Âîíè óòâîðèëèñÿ âíàñë³äîê ïåðåðîçïîä³ëó íàò-
ð³þ ïðè ïåðåïëàâëåíí³. Â õîíäðàõ íàòð³é òàêîæ áóâ ìîá³ë³çîâàíèé, ùî 
ïðèçâåëî äî éîãî ñóòòºâî¿ âòðàòè â äåÿêèõ õîíäðàõ (Sears et al., 1996). Ñòàí 
çàêðèòî¿ ñèñòåìè ïåðåïëàâëåíèõ ä³ëÿíîê çàïîá³ã âòðàò³ çíà÷íî¿ ÷àñòèíè íàò-
ð³þ, òîä³ ÿê íàÿâí³ñòü âåëèêî¿ ê³ëüêîñò³ òðî¿ë³òó ñïðèÿëà ïðîíèêíåííþ 
íàòð³þ â ïåðåïëàâëåíèé ìåòàë (Chabot, Drake, 1999). 

Ñë³ä çàçíà÷èòè, ùî â ïåðåïëàâëåíèõ ä³ëÿíêàõ ìåòàë çáàãà÷åíèé ôîñôî-
ðîì ³ çá³äíåíèé õðîìîì, à â õîíäðèò³ Êðèìêà â ö³ëîìó ìåòàë ð³äêî ì³ñòèòü 
ôîñôîð ³ ÷àñòî çáàãà÷åíèé õðîìîì (Rambaldi, Wasson, 1984; Perron, Bourot-
Denise, 1992). Òàêèì ÷èíîì, ñêëàä ïåðåïëàâëåíîãî ìåòàëó íå â³äîáðàæàº 
ïîâí³ñòþ éîãî ïåðâ³ñíîãî ñêëàäó, ùî îñîáëèâî âàæëèâî äëÿ õîíäð. Ñêëàä 
Fe,Ni-ìåòàëó â ïðèì³òèâíèõ õîíäðèòàõ âèçíà÷àºòüñÿ ïåðåâàæíî õ³ì³÷íèìè 
ïðîöåñàìè, ùî â³äáóâàëèñÿ ï³ä ÷àñ ïåðåïëàâëåííÿ õîíäðè, à íå ëèøå ñêëà-
äîì ìåòàëó â ïðîòîðå÷îâèí³ (Zanda et al., 1994). 

Çåðíà í³êåëèñòîãî çàë³çà ç âèñîêèì âì³ñòîì êîáàëüòó â ïåðåõ³äí³é çîí³ 
òà ìåíøîþ ì³ðîþ â ïåðåïëàâëåí³é ä³ëÿíö³ º îäí³ºþ ³ç âàæëèâèõ îñîáëèâîñ-
òåé äîñë³äæåíèõ îá’ºêò³â. Çáàãà÷åíèé êîáàëüòîì ìåòàë (äî 39 %) áóâ çíàé-
äåíèé ó ð³âíîâàæíèõ LL õîíäðèòàõ (Afiattalab, Wasson, 1980; Rubin, 1990), ó 
ê³ëüêîõ íåð³âíîâàæíèõ õîíäðèòàõ ³ êñåíîë³òàõ (Kracher et al., 1985; Rubin 
et al., 1985; Hua et al., 1995; Kimura, 2000). Ó ìåòåîðèò³ Êðèìêà á³ëüø³ñòü 
çåðåí ìåòàëó íå ì³ñòÿòü êîáàëüòó á³ëüø ÿê 2 %, çà ìàñîþ, ó êàìàñèò³ òà 
1,5 % ó òåòðàòåí³ò³ (Rambaldi, Wasson, 1984; Perron, Bourot-Denise, 1992), çà 
âèíÿòêîì îäíîãî çåðíà êàìàñèòó ³ îäíîãî çåðíà òåòðàòåí³òó ç 2,7 ³ 2 % Ñî 
â³äïîâ³äíî (Ñåìåíåíêî è äð., 1987). Òàêèì ÷èíîì, âèñîêèé âì³ñò êîáàëüòó ³ 
â³äíîñíå ïîøèðåííÿ çåðåí, çáàãà÷åíèõ êîáàëüòîì, ó ïåðåïëàâëåíèõ ä³ëÿí-
êàõ º ëîêàëüíîþ îñîáëèâ³ñòþ. Ö³ äàí³, à òàêîæ íàÿâí³ñòü çáàãà÷åíèõ êî-
áàëüòîì çåðåí ìåòàëó â ³íòåíñèâíî çì³íåíèõ óäàðîì çîíàõ äàþòü çìîãó çðî-
áèòè âèñíîâîê ùîäî çáàãà÷åííÿ êîáàëüòîì ìåòàëó âíàñë³äîê óäàðó. 

Ìåõàí³çì, çà ÿêèì â³äáóâàºòüñÿ òàêå çáàãà÷åííÿ, ìîæå áóòè ïîâ’ÿçàíèé 
ç âèõîäîì çàë³çà ç³ ñêëàäó çåðåí ìåòàëó âíàñë³äîê õ³ì³÷íèõ ðåàêö³é òà, â³ä-
ïîâ³äíî, çá³ëüøåííÿ âàëîâîãî âì³ñòó í³êåëþ é êîáàëüòó â çàëèøêîâîìó ìå-
òàë³. Öå ìàº çóìîâèòè çá³ëüøåííÿ îá’ºìó òåí³òîâî¿ ôàçè ³, â³äïîâ³äíî, âì³ñ-
òó êîáàëüòó â êàìàñèò³ (à òàêîæ ó òåí³ò³), ùî ï³äòâåðäæóºòüñÿ íàÿâí³ñòþ 
çáàãà÷åíîãî êîáàëüòîì òåòðàòåí³òó ³ éîãî àñîö³àö³ºþ ç äåÿêèìè çáàãà÷åíè-
ìè êîáàëüòîì çåðíàìè êàìàñèòó. Íàé³ìîâ³ðí³øîþ ðåàêö³ºþ º ñóëüô³äèçàö³ÿ 
ìåòàëó ïàðàìè ñ³ðêè â ðîçïëàâëåíèõ ä³ëÿíêàõ. Âèïàðîâóâàííÿ ñ³ðêè â óäàð-
íî-ïåðåïëàâëåíèõ õîíäðèòàõ äîâ³â À. Ðóá³í (Rubin, 2002). 

Ó ïåðåïëàâëåíèõ ä³ëÿíêàõ âèâ÷åíî õ³ì³÷íèé ñêëàä 64 ìåòàëåâèõ êîì³ðîê, 
³ ëèøå â äâîõ ç íèõ, ùî çáàãà÷åí³ êîáàëüòîì ³ çíàõîäÿòüñÿ íà â³ääàë³ 15 ìêì 
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îäíà â³ä îäíî¿ â ìåæàõ îäí³º¿ ä³ëÿíêè, íå âèÿâëåíî ôîñôîðó. Öå âïåâíåíî 
âêàçóº íà íàëåæí³ñòü öèõ êîì³ðîê äî íåïåðåïëàâëåíèõ ðåë³êò³â âåëèêîãî çåð-
íà. ßêùî öå òàê, òî íå âèêëþ÷åíî, ùî çáàãà÷åííÿ ¿õ êîáàëüòîì â³äáóëîñÿ 
âíàñë³äîê êîðîç³¿ ìåòàëó ïàðàìè ñ³ðêè çà âèñîêèõ òåìïåðàòóð. 

Çá³ëüøåíèé âì³ñò êîáàëüòó â êàìàñèò³ (äî 5,5–13 %, çà ìàñîþ) ó ïåðå-
õ³äí³é çîí³ ìîæíà ïîÿñíèòè àáî ñóòòºâîþ ñóëüô³äèçàö³ºþ êðóïíèõ çåðåí 
ìåòàëó â ïðîöåñ³ ïëàâëåííÿ, àáî ïåðâ³ñíîþ ãåòåðîãåíí³ñòþ çåðåí í³êåëèñ-
òîãî çàë³çà. Ó ïåðåõ³äí³é çîí³ çåðíà ìåòàëó, çáàãà÷åí³ êîáàëüòîì, àñîö³þþòü 
ç äð³áíèìè, à íå ç êðóïíèìè çåðíàìè òðî¿ë³òó, òîìó îäíîçíà÷íî ç’ÿñóâàòè 
¿õ ïðèðîäó íà öüîìó åòàï³ äîñë³äæåíü ñêëàäíî. 

Ñë³ä çàçíà÷èòè, ùî çáàãà÷åí³ ãðàô³òîì êñåíîë³òè (Semenenko et al., 
2004), ä³àãíîñòîâàí³ ðàçîì ç óäàðíî-ïåðåïëàâëåíèìè ä³ëÿíêàìè â îäíîìó ³ 
òîìó ñàìîìó ³íäèâ³äóàëüíîìó çðàçêó ìåòåîðèòà, òàêîæ ì³ñòÿòü çáàãà÷åíèé 
êîáàëüòîì ìåòàë (≤3,2 %, çà ìàñîþ), ùî íå âèêëþ÷àº ãåíåòè÷íîãî çâ’ÿçêó 
ì³æ Fe,Ni-ìåòàëîì öèõ îá’ºêò³â. 

* * * 

Ìåòåîðèò Êðèìêà õàðàêòåðèçóºòüñÿ ð³çíèì ñòóïåíåì óäàðíî-ìåòàìîð-
ô³÷íîãî ïåðåòâîðåííÿ: â³ä ð³äê³ñíèõ ìàéæå íåçì³íåíèõ ³íäèâ³äóàëüíèõ çðàç-
ê³â äî çðàçêà ç ïîâí³ñòþ óäàðíî-ïåðåïëàâëåíèìè in situ ä³ëÿíêàìè õîíäðè-
òîâî¿ ðå÷îâèíè. Ñòðóêòóðíî-ì³íåðàëîã³÷í³ òà õ³ì³÷í³ îñîáëèâîñò³ îñòàíí³õ 
âêàçóþòü íà óäàðíèé òèñê ó ä³àïàçîí³ 75–90 ÃÏà ó íåïîðèñò³é õîíäðèòîâ³é 

ðå÷îâèí³, àëå ëèøå 30–35 ÃÏà â ïîðèñò³é ðå÷îâèí³ (Stöffler et al., 1991). Äóæå 

øâèäêå óäàðíå ïëàâëåííÿ ³ âèñîêà øâèäê³ñòü îõîëîäæåííÿ (≥100 Ñ/ãîä) çà 
âèñîêî¿ òåìïåðàòóðè çóìîâèëè õ³ì³÷íó íåîäíîð³äí³ñòü ñèë³êàòíîãî ðîçïëà-
âó, óòâîðåííÿ ïîðô³ðîâî¿ ñòðóêòóðè, ë³êâàö³éíèõ ìåòàë-òðî¿ë³òîâèõ çåðåí ³ 
çîíàëüíîãî ñêëàäó ì³íåðàë³â. Òåìïåðàòóðíî-÷àñîâ³ óìîâè óäàðíî-ïåðå-
ïëàâëåíèõ ä³ëÿíîê ó ö³ëîìó áóëè áëèçüê³ äî óìîâ óòâîðåííÿ õîíäð, îäíàê 
ôîðìóâàííÿ ïåðøèõ ó çàêðèò³é ñèñòåì³, òîáòî in situ, à äðóãèõ – ó â³äêðè-
ò³é ïðèâåëè íå ëèøå äî â³äì³ííîñòåé ó ñêëàä³ ì³æ íåïðîçîðèìè ì³íåðàëà-
ìè, à é äî äåÿêèõ îñîáëèâîñòåé, ùî íå ñïîñòåð³ãàþòüñÿ â õîíäðàõ. Ñ³ðêà 
áóëà äåùî âòðà÷åíà, à ðîçïëàâ Fe-Ni-S ñôîðìóâàâ êðóïí³ ìåòàë-òðî¿ë³òîâ³ 
çåðíà ç îçíàêàìè ë³êâàö³¿. Õðîì ñêîíöåíòðóâàâñÿ ó òðî¿ë³ò³, à íå â ìåòàë³, 
òà óòâîðèâ ó íüîìó êðèñòàëè õðîì³òó. Ðîçïëàâ Fe-Ni-S àêóìóëþâàâ çíà÷í³ 
ê³ëüêîñò³ íàòð³þ, ùî ïðèâåëî äî óòâîðåííÿ Fe-Na ôîñôàòíîãî ñêëà â òðî¿-
ë³ò³, ç³ ñêëàäîì, áëèçüêèì äî ñêëàäó ìàðèñèòó. 

Ï³ñëÿ çàòâåðä³ííÿ ùîíàéìåíøå ùå îäèí óäàð ñïðè÷èíèâ ìåõàí³÷í³ äå-
ôîðìàö³¿ íå ëèøå â ìåòåîðèò³ â ö³ëîìó, à é â óäàðíî-ïåðåïëàâëåíèõ ä³ëÿí-
êàõ çîêðåìà. 

Òàêèì ÷èíîì, âàæëèâî çàçíà÷èòè, ùî çðàçîê ìåòåîðèòà ¹ 1290/29 çà-
çíàâ åêñòðåìàëüíèõ óäàðíî-ìåòàìîðô³÷íèõ ïåðåòâîðåíü ³ íå ìîæå áóòè ðå-
ïðåçåíòàòèâíîþ ïðîáîþ ìåòåîðèòà â ö³ëîìó, ùî ñë³ä ìàòè íà óâàç³ ï³ä ÷àñ 
äîñë³äæåíü ïðèì³òèâíèõ õàðàêòåðèñòèê õîíäðèòà. 
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