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ê‡ÌÌÂÔ‡ÎÂÓÁÓÈÒÍËÂ „‡ÌËÚÓË‰Ì˚Â ·‡ÚÓÎËÚ˚
¯ËÓÍÓ ‡Á‚ËÚ˚ ‚ ÄÎÚ‡Â-ë‡flÌÒÍÓÈ ÒÍÎ‡‰˜‡ÚÓÈ Ó·-
Î‡ÒÚË (Äëëé), Ó‰Ì‡ÍÓ Ï‡Ò¯Ú‡·˚ Ëı ‡Á‚ËÚËfl, Î‡ÚÂ-
‡Î¸ÌÓ-‚ÂÏÂÌÌ‡fl ÁÓÌ‡Î¸ÌÓÒÚ¸, ÏÂı‡ÌËÁÏ˚ Á‡ÓÊ-
‰ÂÌËfl, ‚ÌÂ‰ÂÌËfl Ë ËÒÚÓ˜ÌËÍË ÓÒÚ‡˛ÚÒfl ‰ËÒÍÛÒÒËÓÌ-
Ì˚ÏË. éÒÓ·ÓÈ ÔÓ·ÎÂÏÓÈ fl‚ÎflÂÚÒfl ‡Ì‡ÎËÁ Ëı
‚Á‡ËÏÓÒ‚flÁË Ò „ÂÓ‰ËÌ‡ÏË˜ÂÒÍËÏË Ó·ÒÚ‡ÌÓ‚Í‡ÏË.
é‰ÌË ËÒÒÎÂ‰Ó‚‡ÚÂÎË ÓÚÌÓÒflÚ ˝ÚË ·‡ÚÓÎËÚ˚ Í Â‰Ë-
ÌÓÈ ÓÍ‡ËÌÌÓ-ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ
‰Û„Â, Ó·˙flÒÌflfl Ëı ÙÓÏËÓ‚‡ÌËÂ ÒÛ·‰ÛÍˆËÓÌÌÓ-
‡ÍÍÂˆËÓÌÌ˚ÏË ÔÓˆÂÒÒ‡ÏË [1], ‰Û„ËÂ ‡ÒÒÏ‡Ú-
Ë‚‡˛Ú Ò ÔÓÁËˆËË ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÈ ÍÓÎÎËÁËË Í
ëË·ËÒÍÓÏÛ ÍÓÌÚËÌÂÌÚÛ ‡ÁÌÓ‚ÓÁ‡ÒÚÌ˚ı ÓÍ‡-
ËÌÌÓÏÓÒÍËı – ÓÒÚÓ‚Ó‰ÛÊÌ˚ı ÒËÒÚÂÏ Ë ÏËÍÓ-
ÍÓÌÚËÌÂÌÚÓ‚ [2, 3]. Ç Í‡˜ÂÒÚ‚Â ‡Î¸ÚÂÌ‡ÚË‚˚ ÌÂ‰‡‚-
ÌÓ ÔÂ‰ÎÓÊÂÌ‡ „ÂÓ‰ËÌ‡ÏË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ “Í‡ÎÂ‰ÓÌ-
ÒÍÓ„Ó” ÒÛÔÂÚÂÂÈÌ‡ [4], ‡Ï‡Î¸„‡Ï‡ˆËfl ÍÓÚÓÓ„Ó
ÒÓÔÓ‚ÓÊ‰‡Î‡Ò¸ Ï‡Ò¯Ú‡·Ì˚Ï „‡ÌËÚÓÓ·‡ÁÓ‚‡ÌË-
ÂÏ, ‡ ÎË¯¸ Á‡ÚÂÏ ÓÌ ·˚Î ÔË˜ÎÂÌÂÌ ÔÓ Ò‰‚Ë„Û Í ëË-
·ËÒÍÓÏÛ ÍÓÌÚËÌÂÌÚÛ. èËÌˆËÔË‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ
‚ ˝ÚÓÈ ÏÓ‰ÂÎË ÓÚ‚Ó‰ËÚÒfl ·‡ÚÓÎËÚ‡Ï, ÒÎÓÊÂÌÌ˚Ï
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)-„‡ÌËÚÓË‰‡ÏË – ËÌ‰ËÍ‡ÚÓ‡ÏË ¯ËÓÍÓ„Ó
‡Á‚ËÚËfl ‚ Ï‡„ÏÓÓ·‡ÁÛ˛˘ÂÏ ÒÛ·ÒÚ‡ÚÂ ˛‚Â-
ÌËÎ¸ÌÓÈ Í‡ÎÂ‰ÓÌÒÍÓÈ ÍÓ˚. ä‡Í ÒÂÈ˜‡Ò ÒÚ‡ÌÓ‚ËÚ-
Òfl Ó˜Â‚Ë‰Ì˚Ï, +
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Nd
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T

 

)-„‡ÌËÚÓË‰˚, Í‡Í Ô‡‚ËÎÓ,
Ó·‡ÁÛ˛ÚÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÍÓÎÎËÁËË ÚËÔ‡ ‰Û„‡ – ÒË-
Ï‡ÛÌÚ, ‰Û„‡ – ÓÍÂ‡ÌË˜ÂÒÍÓÂ ÔÓ‰ÌflÚËÂ, Ó‰Ì‡ÍÓ ÓÒÚ‡-
ÂÚÒfl ÌÂflÒÌ˚Ï ‚ÍÎ‡‰ ÔÎ˛ÏÓ‚˚ı ËÒÚÓ˜ÌËÍÓ‚ [5–8].
ñÂÎ¸ ‰‡ÌÌÓ„Ó ÒÓÓ·˘ÂÌËfl – ‡ÒÒÏÓÚÂÚ¸ ÔÓ·ÎÂÏÛ

ÙÓÏËÓ‚‡ÌËfl ·‡ÚÓÎËÚÓ‚ ‡ÌÌÂÍ‡ÎÂ‰ÓÌÒÍÓ„Ó ‚ÓÁ-
‡ÒÚ‡, ÓÒÌÓ‚˚‚‡flÒ¸ Ì‡ Ò‡‚ÌËÚÂÎ¸ÌÓÏ ‡Ì‡ÎËÁÂ Ëı
‚ÓÁ‡ÒÚ‡ Ë Nd-ËÁÓÚÓÔÌ˚ı ı‡‡ÍÚÂËÒÚËÍ ‚ ÄÎÚ‡Â-
äÛÁÌÂˆÍÓ-Å‡ÚÂÌÂ‚ÒÍÓÏ ÒÂ„ÏÂÌÚÂ, „‰Â ÔÂÓ·Î‡‰‡-
ÎË ÒÚÓÎÍÌÓ‚ÂÌËfl ÚËÔ‡ ‰Û„‡–ÒËÏ‡ÛÌÚ [7, 9], Ë íÛ‚Ë-
ÌÓ-åÓÌ„ÓÎ¸ÒÍÓÏ ÒÂ„ÏÂÌÚÂ, „‰Â ÒÛ˘ÂÒÚ‚ÂÌÌÛ˛
ÓÎ¸ Ë„‡ÎË ÍÓÎÎËÁËÓÌÌ˚Â ÔÓˆÂÒÒ˚, Ò‚flÁ‡ÌÌ˚Â
Ò ÔË˜ÎÂÌÂÌËÂÏ Ó‰ÌÓËÏÂÌÌÓ„Ó ÏËÍÓÍÓÌÚËÌÂÌÚ‡
Í í‡ÌÌÛÓÎ¸ÒÍÓÈ ‰Û„Â [10]. Ç ‡ÒÒÏÓÚÂÌËÂ ‚ÍÎ˛-
˜ÂÌ˚ ÓË„ËÌ‡Î¸Ì˚Â Ë ÓÔÛ·ÎËÍÓ‚‡ÌÌ˚Â ÂÁÛÎ¸Ú‡-
Ú˚ U–Pb-, Ar–Ar-, Rb–Sr- Ë Sm–Nd-ËÁÓÚÓÔÌ˚ı ËÒ-
ÒÎÂ‰Ó‚‡ÌËÈ ÔÓ íÛ‚Â [4, 10], ÉÓÌÓÈ òÓËË, äÛÁ-
ÌÂˆÍÓÏÛ ÄÎ‡Ú‡Û Ë Å‡ÚÂÌÂ‚ÒÍÓÏÛ ÍflÊÛ [9, 11, 12].

àÁÓÚÓÔÌÓ-„ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËÂ (U–Pb, Ar–Ar)
Ë ÔÂÚÓ„ÂÓıËÏË˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl fl‰‡ ˝Ú‡ÎÓÌ-
Ì˚ı ·‡ÚÓÎËÚÓ‚ Äëëé Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú, ˜ÚÓ ÓÌË,
Í‡Í Ô‡‚ËÎÓ, ËÏÂ˛Ú ÔÓÎËıÓÌÌÓÂ ÒÚÓÂÌËÂ [11,
12], ÔË ˝ÚÓÏ ‰ÎËÚÂÎ¸ÌÓÒÚ¸ Ëı ÙÓÏËÓ‚‡ÌËfl ÒÓ-
ÔÓÒÚ‡‚ËÏ‡ Ò ‰ÎËÚÂÎ¸ÌÓÒÚ¸˛ ‡ÍÍÂˆËÓÌÌÓ-ÍÓÎÎË-
ÁËÓÌÌ˚ı ÒÓ·˚ÚËÈ (‰Îfl ‡ÌÌËı Í‡ÎÂ‰ÓÌË‰ ~60 ÏÎÌ.
ÎÂÚ). àı ‚ÌÛÚÂÌÌÂÂ ÒÚÓÂÌËÂ ÓÔÂ‰ÂÎflÂÚÒfl ‰ËÒ-
ÍÂÚÌÓÈ ÒÏÂÌÓÈ ËÁ‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜Ì˚ı ‡ÒÒÓˆË‡-
ˆËÈ ÏÂÁÓ‡·ËÒÒ‡Î¸ÌÓÈ Ù‡ˆËË ‡ÒÒÓˆË‡ˆËflÏË ÔÓ‚˚-
¯ÂÌÌÓÈ Í‡ÎËÂ‚ÓÒÚË Ë ÒÛ·˘ÂÎÓ˜Ì˚ÏË „ËÔ‡·ËÒ-
Ò‡Î¸ÌÓÈ Ù‡ˆËË, ÔË˜ÂÏ Á‡‚Â¯‡˛˘ËÂ ‰‡ÈÍÓ‚˚Â
ÔÓflÒ‡ Ë(ËÎË) ÔÓÙËÓ‚˚Â ¯ÚÓÍË ÏÓ„ÛÚ ·˚Ú¸ ÔÓ-
fl‚ÎÂÌ˚ ÏÌÓ„ÓÍ‡ÚÌÓ, ÙÓÏËÛfl ÚÂÎÂÒÍÓÔËÓ‚‡Ì-
Ì˚Â Û‰Ì˚Â ÛÁÎ˚ [12]. èË ÔÂÂıÓ‰Â ÓÚ ·‡ÚÓÎËÚ‡
Í ·‡ÚÓÎËÚÛ Ì‡·Î˛‰‡ÂÚÒfl ÒÍÓÎ¸ÊÂÌËÂ ÔÓ ‚ÓÁ‡ÒÚÛ
ÔË ÒÓı‡ÌÂÌËË Ó‰ÌÓÌ‡Ô‡‚ÎÂÌÌÓÒÚË ÔÂÚÓ„ÂÌÂ-
ÚË˜ÂÒÍÓ„Ó ÔÓˆÂÒÒ‡, ‚ ÂÁÛÎ¸Ú‡ÚÂ Ì‡ Ó‰ÌÓÏ ˝ÓÁË-
ÓÌÌÓÏ ÒÂÁÂ Ì‡·Î˛‰‡˛ÚÒfl Ë‰ÂÌÚË˜Ì˚Â ÔÓ ÒÓÒÚ‡‚Û
Ë Ù‡ˆËË „ÎÛ·ËÌÌÓÒÚË ‡ÒÒÓˆË‡ˆËË, ‚ÓÁ‡ÒÚ ÍÓÚÓ-
˚ı ÒÍÓÎ¸ÁËÚ Ì‡ 30–60 ÏÎÌ. ÎÂÚ ÔË ÔÂÂıÓ‰Â ÓÚ
Ó‰ÌÓ„Ó Í ‰Û„ÓÏÛ ·‡ÚÓÎËÚÛ (Ó˜‡„Ó‚ÓÏÛ ‡Â‡ÎÛ).

èÓ‰Ó·Ì˚Â ÔËÏÂ˚, ÓÔËÒ‡ÌÌ˚Â Ì‡ÏË ‰Îfl äÛÁ-
ÌÂˆÍÓ„Ó ÄÎ‡Ú‡Û Ë Å‡ÚÂÌÂ‚ÒÍÓ„Ó ÍflÊ‡, ‰Ó ÒËı ÔÓ
ÒÎÛÊËÎË ÔË˜ËÌÓÈ ÌÂÓ‰ÌÓÁÌ‡˜ÌÓÒÚË ÍÓÂÎflˆË-
ÓÌÌ˚ı ÒıÂÏ ÔË ÚÂÍÚÓÌË˜ÂÒÍÓÏ ‡ÈÓÌËÓ‚‡ÌËË Ë
„ÂÓÍ‡ÚÓ„‡ÙËÓ‚‡ÌËË. àı Ó·‡ÁÓ‚‡ÌËÂ ÏÓÊÌÓ
Ó·˙flÒÌËÚ¸ Ò ÔÓÁËˆËË ÒËÌÚÂÍÚÓÌË˜ÂÒÍÓÈ ÏÓ‰ÂÎË
·‡ÚÓÎËÚÓÓ·‡ÁÓ‚‡ÌËfl, ÒÓ„Î‡ÒÌÓ ÍÓÚÓÓÈ Ì‡ ‡Ì-
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ÌÂÍÓÎÎËÁËÓÌÌÓÏ ˝Ú‡ÔÂ ÔÓ‰ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ Ï‡ÌÚËÈ-
ÌÓ„Ó Ó˜‡„‡ Á‡ÓÊ‰‡ÂÚÒfl „Î‡‚Ì˚È Ó·˙ÂÏ „‡ÌËÚÓ-
Ë‰ÌÓÈ Ï‡„Ï˚, Á‡ÒÚ˚‚‡˛˘ÂÈ Ì‡ ÏÂÁÓ‡·ËÒÒ‡Î¸ÌÓÏ
ÛÓ‚ÌÂ „ÎÛ·ËÌÌÓÒÚË, ‡ ÔÓÁ‰ÌÂÂ – Ì‡ ÒÚ‡‰ËË ÍÓÎÎ‡ÔÒ‡
ÍÓÎÎËÁËÓÌÌÓ„Ó ÓÓ„ÂÌ‡ ÔÓËÒıÓ‰ËÚ ÚÂÍÚÓÌË˜ÂÒÍÓÂ
˝ÍÒÔÓÌËÓ‚‡ÌËÂ ÚÂÎ Ò Ëı Ó‰ÌÓ‚ÂÏÂÌÌ˚Ï ËÌÚÛ‰Ë-
Ó‚‡ÌËÂÏ ÏÂÎÍËÏË ËÌ˙ÂÍˆËflÏË ÍÓÓ‚Ó-Ï‡ÌÚËÈÌ˚ı
‡ÒÔÎ‡‚Ó‚ ÔÓ‚˚¯ÂÌÌÓÈ ˘ÂÎÓ˜ÌÓÒÚË. èflÏ˚Ï ÔÓ‰-
Ú‚ÂÊ‰ÂÌËÂÏ ˝ÚÓÈ ÏÓ‰ÂÎË fl‚ÎflÂÚÒfl ÒËÌıÓÌËÁ‡ˆËfl
‚ ÔÂ‰ÂÎ‡ı ÍÓÌÚÛÓ‚ ÓÚ‰ÂÎ¸Ì˚ı ·‡ÚÓÎËÚÓ‚ Ar–Ar-
‚ÓÁ‡ÒÚÓ‚ (·ËÓÚËÚ, ÔÓÎÂ‚˚Â ̄ Ô‡Ú˚), ‚ÓÁ‡ÒÚÓ‚ ÔÓ
ÚÂÍ‡Ï ‚ ‡Ô‡ÚËÚÂ ‚ „‡ÌËÚÓË‰‡ı ‡ÌÌÂ„Ó ËÚÏ‡ Ò
U–Pb-‚ÓÁ‡ÒÚ‡ÏË (ˆËÍÓÌ) Ë Ar–Ar-‚ÓÁ‡ÒÚ‡ÏË
(‡ÏÙË·ÓÎ) ‚ Ï‡„Ï‡ÚËÚ‡ı ·ÓÎÂÂ ÔÓÁ‰ÌËı ËÚÏÓ‚
[11, 13]. ì˜ËÚ˚‚‡fl ÒÍ‡Á‡ÌÌÓÂ, ‡‚ÚÓ˚ ·˚ÎË ‚˚-
ÌÛÊ‰ÂÌ˚ ÓÚÍ‡Á‡Ú¸Òfl ÓÚ Ú‡‰ËˆËÓÌÌ˚ı ÍÓÏÔÎÂÍ-

ÒÓ‚ (ÓÒÓ·ÂÌÌÓ ‰Îfl ‡ÈÓÌÓ‚, „‰Â ÔÓ·ÎÂÏ‡ Ëı ÍÓ-
ÂÎflˆËË ÔÓÍ‡ ÔÓ‡·ÓÚ‡Ì‡ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ), ‡ ‚˚-
‰ÂÎËÎË ‚ ÍÓÌÚÛ‡ı Í‡Ê‰Ó„Ó ·‡ÚÓÎËÚ‡ ÎË¯¸
·ÂÁ˚ÏflÌÌ˚Â ËÚÏ˚ (ÔÂ‚˚È, ‚ÚÓÓÈ Ë Ú.‰.), Í‡Ê-
‰ÓÏÛ ËÁ ÍÓÚÓ˚ı ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÍÓÌÍÂÚÌÓÂ ËÌ-
ÚÛÁË‚ÌÓÂ ÚÂÎÓ ËÎË Ëı „ÛÔÔ‡, ËÏÂ˛˘ËÂ ·ÎËÁÍËÈ
ËÁÓÚÓÔÌ˚È ‚ÓÁ‡ÒÚ. ëıÂÏ‡ ‡ÒÔÓÎÓÊÂÌËfl ‰‡ÚËÓ-
‚‡ÌÌ˚ı Ï‡ÒÒË‚Ó‚ ÔË‚Â‰ÂÌ‡ Ì‡ ËÒ. 1.

 

ÄÎÚ‡Â-äÛÁÌÂˆÍÓ-Å‡ÚÂÌÂ‚ÒÍËÈ ÒÂ„ÏÂÌÚ.

 

 îÓ-
ÏËÓ‚‡ÌËÂ „‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚ Óı‚‡Ú˚‚‡ÂÚ
‚ÓÁ‡ÒÚÌÓÈ ËÌÚÂ‚‡Î ÓÚ 515 ‰Ó 432 ÏÎÌ. ÎÂÚ, ÔË
˝ÚÓÏ ÛÒÚ‡Ì‡‚ÎË‚‡˛ÚÒfl ÚË ÒÚ‡ÚËÒÚË˜ÂÒÍË ‰ÓÒÚÓ-
‚ÂÌ˚ı ÔËÍ‡ (95% ‰Ó‚ÂËÚÂÎ¸ÌÓ„Ó ÛÓ‚Ìfl), ÍÓÚÓ-
˚Â ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ÌËÊÂ ‚ Í‡˜ÂÒÚ‚Â ÓÚ‰ÂÎ¸Ì˚ı
Ï‡„Ï‡ÚË˜ÂÒÍËı ËÏÔÛÎ¸ÒÓ‚ (ËÚÏÓ‚). é·‡˘‡ÂÚ
‚ÌËÏ‡ÌËÂ, ˜ÚÓ ÔÂ‚˚È ËÚÏ (~65–70 %) ÒÛ˘ÂÒÚ-

 

êËÒ. 1.

 

 ëıÂÏ‡ ‡ÒÔÓÎÓÊÂÌËfl ‡ÌÌÂÔ‡ÎÂÓÁÓÈÒÍËı „‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚ ÄÎÚ‡Â-ë‡flÌÒÍÓÈ ÒÍÎ‡‰˜‡ÚÓÈ Ó·Î‡ÒÚË. 
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 –
ëË·ËÒÍËÈ Í‡ÚÓÌ; 
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 – ËÙÚÓ„ÂÌÌ˚Â ÍÓÏÔÎÂÍÒ˚ (R
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); 

 

3

 

–
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 – ÓÒÚÓ‚Ó‰ÛÊÌ˚Â ÍÓÏÔÎÂÍÒ˚ (

 

3

 

 – ÔÓÁ‰ÌÂËÙÂÈÒÍËÂ, 

 

4

 

 – ‚ÂÌ‰-
ÒÍËÂ, 

 

5

 

 – ÍÂÏ·ËÈÒÍËÂ); 
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 – ÚÂÂÈÌ˚ Ò ‡ÌÌÂÍ‡ÎÂ‰ÓÌÒÍÓÈ ÂÏÓ·ËÎËÁ‡ˆËÂÈ ÍÓ˚; 
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 – ÓÓ„ÂÌÌ˚Â ÏÓÎ‡ÒÒ˚ Ë ÓÒ‡‰Ó˜Ì˚Â
·‡ÒÒÂÈÌ˚ (ÔÓÁ‰ÌËÈ ÍÂÏ·ËÈ–ÒËÎÛ); 
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 – „ÂÓÎÓ„Ë˜ÂÒÍËÂ ÍÓÏÔÎÂÍÒ˚ ÒÂ‰ÌÂ„Ó Ô‡ÎÂÓÁÓfl–‡ÌÌÂ„Ó ÏÂÁÓÁÓfl; 

 

9

 

 – „‡ÌËÚÓ-
Ë‰Ì˚Â ·‡ÚÓÎËÚ˚; 

 

10 

 

– ÚÓ˜ÍË „ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍÓ„Ó ÓÔÓ·Ó‚‡ÌËfl „‡ÌËÚÓË‰Ó‚ Ë „‡··ÓË‰Ó‚, ‚ ‡ÏÍ‡ı ‚˚ÌÂÒÂÌ˚: ‚ÓÁ-
‡ÒÚ (ÏÎÌ. ÎÂÚ), ÏÂÚÓ‰ ËÁÓÚÓÔÌÓ„Ó ‰‡ÚËÓ‚‡ÌËfl Ë ÌÓÏÂ Ï‡ÒÒË‚‡ (‚ ÒÍÓ·Í‡ı); 
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 – ÓÒÌÓ‚Ì˚Â ‡ÁÎÓÏ˚. ñËÙ‡ÏË ‚ ÒÍÓ·-
Í‡ı Ó·ÓÁÌ‡˜ÂÌ˚ Ï‡ÒÒË‚˚, ‰Îfl ÍÓÚÓ˚ı ÔÓ‚Â‰ÂÌ˚ ËÁÓÚÓÔÌÓ-„ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl: 

 

1

 

 – ë‡‰ËÌÒÍËÈ, 

 

2

 

 –
Å‡ÁÎËÌÒÍËÈ, 

 

3

 

 – ÇÂıÌÂÍÓÌ‰ÓÏÒÍËÈ, 

 

4

 

 – äÓÎÓÒÓ‚ÒÍËÈ, 

 

5

 

 – íÂ·ËÌÒÍËÈ, 

 

6

 

 – ãÛÊ·ËÌÒÍËÈ, 

 

7

 

 – å‡ÎÓ‰Û‰ÂÚÒÍËÈ, 

 

8

 

 – ä‡È‰‡-
ÎÓ‚ÒÍËÈ, 

 

9

 

 – ä‡Ì‡˛Î¸ÒÍËÈ, 

 

10

 

 – ì‰‡ÌËÌÒÍËÈ, 

 

11

 

 – äÓÊÛıÓ‚ÒÍËÈ, 

 

12

 

 – ä‡ÒÌÓÍ‡ÏÂÌÒÍËÈ, 

 

13

 

 – ÄÒÍËÁÒÍËÈ, 

 

14

 

 – ñÂÌÚ-
‡Î¸ÌËÌÒÍËÈ, 

 

15

 

 – íÛËÏÓ-ä‡˚¯ÒÍËÈ, 

 

16

 

 – ÅÂÎÓË˛ÒÒÍËÈ, 

 

17

 

 – ë‡È„‡˜ËÌÒÍËÈ Ë ÏÂÎÍËÂ ¯ÚÓÍË ëÓÒÍÓ„Ó Û‰ÌÓ„Ó ÔÓÎfl,

 

18

 

 – íÛËÏÓ-ä‡˚¯ÒÍËÈ, 

 

19

 

 – ë‡ÍÒ˚ÒÍËÈ (ë˚ÒÍËÈ), 

 

20

 

 – ùÁËÌÒÍËÈ, 

 

21 

 

– íÂÒıÂÏÒÍËÈ, 

 

22

 

 – çËÊÌÂÛÎÓÒÍËÈ, 

 

23

 

 – Å‡¯-
Í˚ÏÛ„ÛÒÍËÈ, 

 

24

 

 – å‡ÚÛÚÒÍËÈ, 

 

25

 

 – äÓÍÏÓÎ„‡„ËÌÒÍËÈ, 

 

26

 

 – òÛÏ‡ÍÒÍËÈ, 

 

27

 

 – ä‡‡ıÂÏÒÍËÈ, 

 

28

 

 – ÅÂÌ¸ÒÍËÈ, 

 

29

 

 – òÛ-
ÏËıËÌÒÍËÈ, 

 

30

 

 – ÅÂÎ˚ÍÒÍËÈ, 

 

31

 

 – ä‡ÚÛÌÒÍËÈ, 

 

32

 

 – ó‡ÎÔ‡ÌÒÍËÈ, 

 

33

 

 – ûÎËÌÒÍËÈ, 

 

34

 

 – íÛËÏÓ-ä‡˚¯ÒÍËÈ, 

 

35

 

 – Å‡flÌÍÓÎ¸-
ÒÍËÈ, 

 

36

 

 – óÊ‡„‡Î‡ÌÚÒÍËÈ, 

 

37

 

 – àıÂ-ï‡È„‡ÒÒÍËÈ, 

 

38

 

 – É‡‰ÛÒÒÍËÈ, 

 

39

 

 – ëÓÎ„ÓÌÒÍËÈ. 

 

449.6 ± 3.6, U–Pb (29)

456 ± 3, U–Pb (30)

471 ± 4, U–Pb (31)

451 ± 6, U–Pb (27)

485.9 ± 9.8, Rb–Sr (38)

460.4 ± 2.5, Rb–Sr (37)

481 ± 2, Ar–Ar (22)
497 ± 3, U–Pb (35)

489.9 ± 3.1, U–Pb (36)

480 ± 4, U–Pb (21)

498 ± 12, U–Pb (34)
470 ± 4, U–Pb (15)
441.2 ± 4.1, U–Pb (18)
472 ± 10, U–Pb (16)

478 ± 4, U–Pb (33)

480 – 440, Ar–Ar (17)

453 ± 5, U–Pb (32)

455 ± 7, U–Pb (17)

432 ± 4, U–Pb (19)

492.2 ± 5, U–Pb (13)

450 ± 5, U–Pb (28)

457 ± 2.9, U–Pb (26)

464.6 ± 5.7, U–Pb (23)
468.2 ± 1, Ar–Ar (23)
441.3 ± 1.1, Ar–Ar (23)

462.5 ± 1, U–Pb (24)
491.6 ± 9.5, U–Pb (20)

442 ± 24, U–Pb (25)
451 ± 15, Rb–Sr (25)
454.1 ± 3.9, Ar–Ar (25)

498 ± 1, U–Pb (8)

491.1 ± 7.5, U–Pb (9)503.9 ± 6.7, U–Pb (12)

500.4 ± 7, U–Pb (11)

485 ± 2.9, U–Pb (7)

478.6 ± 6.6, U–Pb (14)

495.2 ± 4.5, U–Pb (10)

498 ± 21, Rb–Sr (39)

490 ± 19, U–Pb (6)

492 ± 9, U–Pb (5)

485 ± 5, U–Pb (4)

492.9 ± 8.4, U–Pb (3)

505 ± 8, U–Pb (2)

501.8 ± 2.9, U–Pb (1)
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‚ÂÌÌÓ ÔÂ‚ÓÒıÓ‰ËÚ ÔÓ Ó·˙ÂÏÛ Ï‡„Ï‡ÚËÁÏ‡ ÔÓÒÎÂ-
‰Û˛˘ËÂ (ËÒ. 2), ÓÒÓ·ÂÌÌÓ ‚ ÉÓÌÓÈ òÓËË Ë ÒÂ-
‚ÂÌÓÈ ˜‡ÒÚË äÛÁÌÂˆÍÓ„Ó ÄÎ‡Ú‡Û.

è Â  ‚ ˚ È   Ë Ú Ï – ë‡‰ËÌÒÍËÈ Ï‡ÒÒË‚ (

 

í

 

 =
=

 

 

 

501.8 

 

±

 

 

 

2.9 ÏÎÌ. ÎÂÚ, „‡ÌËÚ, U–Pb, ˆËÍÓÌ); Å‡Á-
ÎËÌÒÍËÈ Ï‡ÒÒË‚ (

 

í

 

 = 505 

 

±

 

 

 

8 ÏÎÌ. ÎÂÚ, ÔÎ‡„ËÓ„‡-
ÌËÚ, U–Pb, ˆËÍÓÌ); ÇÂıÌÂÍÓÌ‰ÓÏÒÍËÈ Ï‡ÒÒË‚
(

 

í

 

 

 

= 492.9 

 

±

 

 

 

8.4 ÏÎÌ. ÎÂÚ, „‡ÌËÚ, U–Pb, ˆËÍÓÌ);
äÓÎÓÒÓ‚ÒÍËÈ Ï‡ÒÒË‚ (

 

í

 

 = 485 

 

±

 

 

 

5 ÏÎÌ. ÎÂÚ, „‡··Ó-
Ë‰˚, U–Pb, ˆËÍÓÌ); íÂ·ËÌÒÍËÈ Ï‡ÒÒË‚ (

 

í

 

 = 492 

 

±
±

 

 

 

9 ÏÎÌ. ÎÂÚ, „‡··ÓË‰˚, U–Pb, ˆËÍÓÌ); ãÛÊ·ËÌ-
ÒÍËÈ Ï‡ÒÒË‚ (

 

í

 

 = 490 

 

±

 

 19 ÏÎÌ. ÎÂÚ, „‡··ÓË‰˚, U–
Pb, ˆËÍÓÌ); å‡ÎÓ‰Û‰ÂÚÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ÑÛ-
‰ÂÚÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡
(

 

í

 

 = 485 

 

±

 

 2.9 ÏÎÌ. ÎÂÚ, ÏÓÌˆÓ„‡··Ó, U–Pb, ˆË-
ÍÓÌ); ä‡È‰‡ÎÓ‚ÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ÑÛ‰ÂÚÒÍÓ„Ó
ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (

 

í

 

 = 498 

 

±
±

 

 

 

1.0 ÏÎÌ. ÎÂÚ, ÒËÂÌËÚ, U–Pb, ˆËÍÓÌ); ä‡Ì‡˛Î¸-
ÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ÑÛ‰ÂÚÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó
„‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (

 

í

 

 = 491.9 

 

±

 

 

 

7.5 ÏÎÌ. ÎÂÚ,
„‡ÌËÚ, U–Pb, ˆËÍÓÌ); ì‰‡ÌËÌÒÍËÈ Ï‡ÒÒË‚ (

 

í

 

 =
=

 

 

 

495.2 

 

±

 

 

 

4.5 ÏÎÌ. ÎÂÚ, ÒËÂÌËÚ, U–Pb, ˆËÍÓÌ); äÓ-
ÊÛıÓ‚ÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â í˚ÎËÌÒÍÓ-äÓÊÛıÓ‚-
ÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡
(

 

í

 

 = 500.4 

 

±

 

 

 

7.0 ÏÎÌ. ÎÂÚ, ÚÓÌ‡ÎËÚ, U–Pb, ˆËÍÓÌ);
ä‡ÒÌÓÍ‡ÏÂÌÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â í˚ÎËÌÒÍÓ-
äÓÊÛıÓ‚ÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡-

ÚÓÎËÚ‡ (

 

í

 

 = 503.9 

 

±

 

 6.7 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È ÏÓÌ-
ˆÓ‰ËÓËÚ, U–Pb, ˆËÍÓÌ); ÄÒÍËÁÒÍËÈ Ï‡ÒÒË‚
(

 

í

 

 = 492.2 

 

±

 

 5.0 ÏÎÌ. ÎÂÚ, ÚÓÌ‡ÎËÚ, U–Pb, ˆËÍÓÌ).

Ç Ú Ó  Ó È   Ë Ú Ï – ñÂÌÚ‡Î¸ÌËÌÒÍËÈ Ï‡ÒÒË‚
(

 

í

 

 = 478.6 

 

±

 

 

 

6.6 ÏÎÌ. ÎÂÚ, „‡ÌÓ‰ËÓËÚ, U–Pb, ˆË-
ÍÓÌ); íÛËÏÓ-ä‡˚¯ÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ÅÂÎÓË˛Ò-
ÒÍÓ-íÛËÏÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓ-
ÎËÚ‡ (

 

í

 

 = 470 

 

±

 

 

 

4.0 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È ‰ËÓËÚ, U–Pb,
ˆËÍÓÌ; 

 

í

 

 = 463.1 

 

±

 

 

 

1.7 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È ‰ËÓ-
ËÚ, Ar–Ar, ‡ÏÙË·ÓÎ); ÅÂÎÓË˛ÒÒÍËÈ Ï‡ÒÒË‚ ‚
ÒÓÒÚ‡‚Â ÅÂÎÓË˛ÒÒÍÓ-íÛËÏÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡-
ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (

 

í

 

 = 472 

 

±

 

 

 

10 ÏÎÌ. ÎÂÚ, „‡ÌÓ-
‰ËÓËÚ, U–Pb, ˆËÍÓÌ); ìÈ·‡ÚÒÍËÈ ÔÓÎËıÓÌÌ˚È
„‡ÌËÚÓË‰Ì˚È ·‡ÚÓÎËÚ (

 

í

 

 = 470–480 ÏÎÌ. ÎÂÚ, Ar–Ar,
·ËÓÚËÚ, ‡ÏÙË·ÓÎ, ÔÎ‡„ËÓÍÎ‡Á).

í  Â Ú Ë È   Ë Ú Ï – ë‡È„‡˜ËÌÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓ-
ÒÚ‡‚Â ìÈ·‡ÚÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó
·‡ÚÓÎËÚ‡ (

 

í

 

 = 455 

 

± 7.0 ÏÎÌ. ÎÂÚ, „‡ÌÓÒËÂÌËÚ, U–
Pb, ˆËÍÓÌ; í = 460–440 ÏÎÌ. ÎÂÚ, ÎÂÈÍÓ„‡ÌËÚ,
Ar–Ar, ·ËÓÚËÚ, ‡ÏÙË·ÓÎ, ÔÎ‡„ËÓÍÎ‡Á); íÛËÏÓ-ä‡-
˚¯ÒÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ÅÂÎÓË˛ÒÒÍÓ-íÛËÏÒÍÓ-
„Ó ÔÓÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (í =
= 441.2 ± 4.1 ÏÎÌ. ÎÂÚ, ÔÓÙËÓ‚Ë‰Ì˚È ÏÂÎ‡„‡-
ÌËÚ, U–Pb, ˆËÍÓÌ); ë‡ÍÒ˚ÒÍËÈ Ï‡ÒÒË‚ (í = 432 ±
± 4 ÏÎÌ. ÎÂÚ, „‡ÌËÚ, U–Pb, ˆËÍÓÌ). 

1.00

0.75

0.50

0.25

510 480 420 360 300 240 180 120 60 0

éÚÌÓÒËÚÂÎ¸Ì˚È ‚ÓÁ‡ÒÚ Ï‡„Ï‡ÚËÁÏ‡
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IIIIIIIVV
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0
510 490 470 450 430
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0
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ÏÎÌ. ÎÂÚ
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é·˙ÂÏ
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ó
‡
ÒÚ

Ó
Ú
‡
 

510 490 470 450 430
ÏÎÌ. ÎÂÚ

495 ± 6 475 ± 10 455 ± 8
100

0
480 440

ÏÎÌ. ÎÂÚ

I
II

III

é·˙ÂÏ
Ï‡„Ï‡ÚËÁÏ‡, %

1 2 3

(·)

êËÒ. 2. ÉÎ‡‚Ì˚Â ˝Ú‡Ô˚ „‡ÌËÚÓË‰ÌÓ„Ó Ï‡„Ï‡ÚËÁÏ‡ ñÂÌÚ‡Î¸ÌÓÈ ÄÁËË. ‡ – ÒıÂÏ‡ÚË˜ÂÒÍ‡fl ‰Ë‡„‡ÏÏ‡, ÔÓÍ‡Á˚‚‡˛˘‡fl
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ ÍÓÎÎËÁËÓÌÌÓ„Ó (1) Ë Ï‡ÌÚËÈÌÓ„Ó (2) Ï‡„Ï‡ÚËÁÏ‡ ‚ ÄÁËË [7]. · – ÔÂËÓ‰Ë˜ÌÓÒÚ¸ Ë ÓÚÌÓÒËÚÂÎ¸Ì˚Â
Ï‡Ò¯Ú‡·˚ ‡ÌÌÂÔ‡ÎÂÓÁÓÈÒÍËı „‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚ Äëëé. 1 – U–Pb (ˆËÍÓÌ˚), 2 – Ar–Ar (‡ÏÙË·ÓÎ˚, ÒÎ˛‰˚), 3 –
Rb–Sr (‚‡Î – ÏËÌÂ‡Î˚) ËÁÓÚÓÔÌ˚Â ÏÂÚÓ‰˚ ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡.

‚
ÒÚ


Â
˜

‡
Â
Ï

Ó
ÒÚ

Ë
, 
%

ÄÎÚ‡Â-äÛÁÌÂˆÍÓ-Å‡ÚÂÌÂ‚ÒÍËÈ ÒÂ„ÏÂÌÚ íÛ‚ËÌÓ-åÓÌ„ÓÎ¸ÒÍËÈ ÒÂ„ÏÂÌÚ

6*



372

ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 396      ‹ 3     2004

êÛ‰ÌÂ‚ Ë ‰.

íÛ‚ËÌÓ-åÓÌ„ÓÎ¸ÒÍËÈ ÒÂ„ÏÂÌÚ. îÓÏËÓ‚‡ÌËÂ
„‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚ ‚ ˝ÚÓÏ ÏÂ„‡‡Â‡ÎÂ Óı‚‡-
Ú˚‚‡ÂÚ ·ÎËÁÍËÈ ‚ÓÁ‡ÒÚÌÓÈ ËÌÚÂ‚‡Î ÓÚ 510 ‰Ó
430 ÏÎÌ. ÎÂÚ, ÔË ˝ÚÓÏ ÚË ÒÚ‡ÚËÒÚË˜ÂÒÍË ‰ÓÒÚÓ-
‚ÂÌ˚ı ÔËÍ‡ (95% ‰Ó‚. Û.) ÔÓÎÌÓÒÚ¸˛ ÒÓ‚Ô‡‰‡˛Ú
Ò ËÏÔÛÎ¸Ò‡ÏË (ËÚÏ‡ÏË) ‚ ‡ÒÒÏÓÚÂÌÌÓÏ ‚˚¯Â
ÏÂ„‡‡Â‡ÎÂ (495 ± 6, 475 ± 10, 455 ± 8 ÏÎÌ. ÎÂÚ), ÌÓ
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ·ÓÎÂÂ “‡ÁÏ˚Ú˚ÏË” Ô‡‡ÏÂÚ‡-
ÏË (ÒÏ. ËÒ. 2). çÂÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ ÔÂËÓ‰Ë˜-
ÌÓÒÚ¸ ÙÓÏËÓ‚‡ÌËfl „‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚
ÒÓ‚Ô‡‰‡ÂÚ, ÏÂÊ‰Û ÌËÏË ÒÛ˘ÂÒÚ‚ÛÂÚ ÔËÌˆËÔË‡Î¸-
ÌÓÂ ‡ÁÎË˜ËÂ: ‚ ÒÂ‚ÂÌÓÏ – „Î‡‚Ì˚È Ó·˙ÂÏ „‡ÌË-
ÚÓË‰Ó‚ ÔËıÓ‰ËÚÒfl Ì‡ ÔÂ‚˚È ËÚÏ (~60–65%,
497 ± 5 ÏÎÌ. ÎÂÚ), ‚ ˛ÊÌÓÏ – Ì‡ ÚÂÚËÈ ËÚÏ (~60–
70%, 455 ± 8 ÏÎÌ. ÎÂÚ). 

è Â  ‚ ˚ È   Ë Ú Ï – ùÁËÌÒÍËÈ Ï‡ÒÒË‚ (í =
= 491.6 ± 9.5, í = 489 ± 2.6 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚Â ‰Ë-
ÓËÚ˚ Ë ÎÂÈÍÓ„‡ÌËÚ˚ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, U–Pb,
ˆËÍÓÌ; í = 486 ±10 ÏÎÌ. ÎÂÚ, ÎÂÈÍÓ„‡ÌËÚ˚, Rb–
Sr, ‚‡Î, ·ËÓÚËÚ); Å‡flÌÍÓÎ¸ÒÍËÈ Ï‡ÒÒË‚ (í = 496.6 ±
± 3.2 ÏÎÌ. ÎÂÚ, ‰ËÓËÚ, U–Pb, ˆËÍÓÌ).

Ç Ú Ó  Ó È   Ë Ú Ï – íÂÒıÂÏÒÍËÈ Ï‡ÒÒË‚ (í =
= 480 ± 5.4 ÏÎÌ. ÎÂÚ, „‡ÌÓÒËÂÌËÚ, U–Pb, ˆËÍÓÌ;
í = 473 ± 7 ÏÎÌ. ÎÂÚ, „‡ÌËÚ˚ Ë ÎÂÈÍÓ„‡ÌËÚ˚,
Rb–Sr, ‚‡Î, ·ËÓÚËÚ, ÔÓÎÂ‚˚Â ̄ Ô‡Ú˚); çËÊÌÂÛÎÓ-
ÒÍËÈ Ï‡ÒÒË‚ (í = 480.7 ± 1.8 ÏÎÌ. ÎÂÚ, „‡ÌËÚ, Ar–
Ar, ·ËÓÚËÚ; í = 473 ± 7 ÏÎÌ. ÎÂÚ, „‡ÌËÚ, Rb–Sr,
‚‡Î, ·ËÓÚËÚ, ÔÓÎÂ‚˚Â ¯Ô‡Ú˚).

í  Â Ú Ë È   Ë Ú Ï – Å‡¯Í˚ÏÛ„ÛÒÍËÈ Ï‡ÒÒË‚
(í = 464.6 ± 5.7 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È ÏÓÌˆÓ‰ËÓËÚ,
U–Pb, ˆËÍÓÌ; í = 464 ± 5 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È
ÏÓÌˆÓ‰ËÓËÚ, Rb–Sr, ‚‡Î, ·ËÓÚËÚ, ÔÎ‡„ËÓÍÎ‡Á, ÔË-
ÓÍÒÂÌ, ‡ÏÙË·ÓÎ; í = 465 ± 1.2 Ë 468.2 ± 1 ÏÎÌ. ÎÂÚ,
Í‚‡ˆÂ‚˚È ÏÓÌˆÓ‰ËÓËÚ, Ar–Ar, ·ËÓÚËÚ); ÏËÌ„-
ÎËÌ„-‰‡ÈÍË ‚ å‡ÚÛÚÒÍÓÏ Ï‡ÒÒË‚Â (í = 462.5 ±
± 1 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È ‰ËÓËÚ, Ar–Ar, ·ËÓÚËÚ);
Å‡È‰‡„ÒÍËÈ Ï‡ÒÒË‚ (í = 457.3 ± 6.1 ÏÎÌ. ÎÂÚ, ‡ÎflÒ-
ÍËÚ, Ar–Ar, ·ËÓÚËÚ); äÓÍÏÓÎ„‡„ËÌÒÍËÈ Ï‡ÒÒË‚
(í = 451 ± 15 ÏÎÌ. ÎÂÚ, ‰ËÓËÚ˚, „‡ÌÓ‰ËÓËÚ˚ Ë
Í‡ÎËÂ‚˚Â „‡ÌËÚ˚, Rb–Sr, ‚‡Î; T = 454.1 ± 3.9 ÏÎÌ.
ÎÂÚ, Í‚‡ˆÂ‚˚È ‰ËÓËÚ, Ar–Ar, ‡ÏÙË·ÓÎ); ‰‡ÈÍË
Í‡ÏÔÚÓÌËÚÓ‚ ‚ Å‡¯Í˚ÏÛ„ÛÒÍÓÏ Ï‡ÒÒË‚Â (í =
= 441.3 ± 1.1 ÏÎÌ. ÎÂÚ, Ar–Ar, ‡ÏÙË·ÓÎ); òÛÏ‡ÍÒ-
ÍËÈ Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ÇÓÒÚÓ˜ÌÓ-í‡ÌÌÛÓÎ¸ÒÍÓ„Ó ÔÓ-
ÎËıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (í = 457 ±
± 2.9 ÏÎÌ. ÎÂÚ, Í‚‡ˆÂ‚˚È ‰ËÓËÚ, U–Pb, ˆËÍÓÌ);
ä‡‡-ïÂÏÒÍËÈ Û˜‡ÒÚÓÍ ‚ ÒÓÒÚ‡‚Â ä‡‡ıÂÏÒÍÓ„Ó ÔÓÎË-
ıÓÌÌÓ„Ó „‡ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (í = 451 ± 6 ÏÎÌ.
ÎÂÚ, Í‚‡ˆÂ‚˚È ‰ËÓËÚ, U–Pb, ̂ ËÍÓÌ), ÅÂÌ¸ÒÍËÈ
Ï‡ÒÒË‚ ‚ ÒÓÒÚ‡‚Â ä‡‡ıÂÏÒÍÓ„Ó ÔÓÎËıÓÌÌÓ„Ó „‡-
ÌËÚÓË‰ÌÓ„Ó ·‡ÚÓÎËÚ‡ (í = 450 ± 5 ÏÎÌ. ÎÂÚ, ÔÓÙË-
Ó‚Ë‰Ì˚È „‡ÌÓ‰ËÓËÚ, U–Pb, ˆËÍÓÌ).

Ç˚fl‚ÎÂÌÌ‡fl ÂÁÍ‡fl ‡ÒËÏÏÂÚËfl ‚ Ï‡Ò¯Ú‡·‡ı Ë
‚ÂÏÂÌË ÒÚ‡ÌÓ‚ÎÂÌËfl „‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚
ÄÎÚ‡Â-äÛÁÌÂˆÍÓ-Å‡ÚÂÌÂ‚ÒÍÓ„Ó Ë íÛ‚ËÌÓ-åÓÌ-
„ÓÎ¸ÒÍÓ„Ó ÒÂ„ÏÂÌÚÓ‚ ÔË ÒËÌıÓÌÌÓÏ ÔÓfl‚ÎÂÌËË
ËÏÔÛÎ¸ÒÓ‚ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË Ì‡ ‚ÒÂÈ
ÚÂËÚÓËË Äëëé Ë á‡Ô‡‰ÌÓÈ åÓÌ„ÓÎËË (495 ± 5,

475 ± 5, 450 ± 5 ÏÎÌ. ÎÂÚ, Ò ÔÂËÓ‰ÓÏ 20 – 30 ÏÎÌ.
ÎÂÚ) ÒÓ„Î‡ÒÛÂÚÒfl Ò Ó·˘ÂÈ ÔÂËÓ‰Ë˜ÌÓÒÚ¸˛ ‚ ~90
ÏÎÌ. ÎÂÚ Á‡ÓÊ‰ÂÌËfl Ë ‡Á‚ËÚËfl ÒÛÔÂÔÎ˛ÏÓ‚ ‚
Ö‚‡ÁËË, ÂÒÎË ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ‚ ‡ÌÌÂÍ‡ÎÂ-
‰ÓÌÒÍÛ˛ ˝ÔÓıÛ ÚÂÍÚÓ„ÂÌÂÁ‡ Ëı ÙÓÏËÓ‚‡ÌËÂ ·˚-
ÎÓ Ò‚flÁ‡ÌÓ Ò ‰‚ÛÏfl Ù‡ÍÚÓ‡ÏË: 1) Á‡ÓÊ‰ÂÌËÂÏ
„Ófl˜ÂÈ ÚÓ˜ÍË (ÔflÚÌ‡) ÔÓ‰ ÓÍ‡ËÌÌÓÏÓÒÍÓÈ–ÓÒÚ-
Ó‚Ó‰ÛÊÌÓÈ ÒËÒÚÂÏÓÈ (~520–510 ÏÎÌ. ÎÂÚ), ËÒÔ˚-
Ú‡‚¯ÂÈ ÔË˜ÎÂÌÂÌËÂ ÒËÏ‡ÛÌÚÓ‚, ÓÍÂ‡ÌË˜ÂÒÍËı ÔÓ‰-
ÌflÚËÈ Ë ÏËÍÓÍÓÌÚËÌÂÌÚÓ‚, 2) ÏË„‡ˆËÂÈ ‚ ‡ÁÎË˜-
ÌÓÈ ÒÚÂÔÂÌË ÍÓÌÒÓÎË‰ËÓ‚‡ÌÌ˚ı ‡ÍÍÂˆËÓÌÌÓ-
ÍÓÎÎËÁËÓÌÌ˚ı ÒÓÓÛÊÂÌËÈ Ì‡‰ „Ófl˜ÂÈ ÚÓ˜ÍÓÈ ‚ ÒÂ-
‚ÂÓ-Á‡Ô‡‰ÌÓÏ Ì‡Ô‡‚ÎÂÌËË (‚ ÒÓ‚ÂÏÂÌÌ˚ı ÍÓÓ-
‰ËÌ‡Ú‡ı). èË ˝ÚÓÏ ÔÓ‰ „Ófl˜ÂÈ ÚÓ˜ÍÓÈ ÒÌ‡˜‡Î‡
ÓÍ‡Á‡ÎÒfl ÄÎÚ‡Â-äÛÁÌÂˆÍÓ-Å‡ÚÂÌÂ‚ÒÍËÈ ÒÂ„ÏÂÌÚ,
„‰Â ÒÂÈ˜‡Ò Á‡ÙËÍÒËÓ‚‡Ì˚ ËÌËˆË‡Î¸Ì˚Â ˘ÂÎÓ˜-
ÌÓ-ÛÎ¸Ú‡ÓÒÌÓ‚Ì˚Â ‡ÒÒÓˆË‡ˆËË Ò Í‡·ÓÌ‡ÚËÚ‡ÏË
(Sm–Nd-ËÁÓıÓÌÌ˚È ‚ÓÁ‡ÒÚ 509 ± 10 ÏÎÌ. ÎÂÚ) Ò
εNd-Ô‡‡ÏÂÚ‡ÏË ÛÏÂÂÌÌÓ ‰ÂÔÎÂÚËÓ‚‡ÌÌÓÈ Ï‡Ì-
ÚËË HIMU-ÚËÔ‡ ~5.0–5.7 [14], ‡ Á‡ÚÂÏ íÛ‚ËÌÓ-
åÓÌ„ÓÎ¸ÒÍËÈ, ‰Îfl ÍÓÚÓÓ„Ó ‚ÓÁ‡ÒÚ ÒÛ·˘ÂÎÓ˜ÌÓ-
„Ó Ë ·‡ÁËÚÓ‚Ó„Ó ÔÎ˛ÏÓ‚Ó„Ó Ï‡„Ï‡ÚËÁÏ‡ Ò‰‚ËÌÛÚ
Ì‡ 30–60 ÏÎÌ. ÎÂÚ [10]. Ç‡ÊÌÓ ÔÓ‰˜ÂÍÌÛÚ¸, ˜ÚÓ
„‡ÌËÚÓË‰˚ ‚ “ÒÂ‚ÂÌÓÏ” ÒÂ„ÏÂÌÚÂ ËÏÂ˛Ú ‡ÌÓ-
Ï‡Î¸ÌÓ ‚˚ÒÓÍËÂ ÔÓÎÓÊËÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl εNd(í),
‚‡¸ËÛ˛˘ËÂ ÓÚ +2.5 ‰Ó +8.9, ˜ÚÓ ÒÓÔÓÒÚ‡‚ËÏÓ
ÎË¯¸ Ò ÑÊÛÌ„‡ËÂÈ, „‰Â Ëı ÙÓÏËÓ‚‡ÌËÂ Ò‚flÁ˚-
‚‡ÂÚÒfl Ò ÔÂÂÔÎ‡‚ÎÂÌËÂÏ “˜ËÒÚÓ” ˛‚ÂÌËÎ¸ÌÓÈ Í‡-
ÎÂ‰ÓÌÒÍÓÈ ÍÓ˚ ÔË ÏÓ˘ÌÓÏ Ï‡ÌÚËÈÌÓÏ ËÒÚÓ˜-
ÌËÍÂ [5, 8], ‚ ÚÓ ‚ÂÏfl Í‡Í ‰Ë‡Ô‡ÁÓÌ ˝ÚÓ„Ó ÊÂ Ô‡-
‡ÏÂÚ‡ ‚ „‡ÌËÚÓË‰‡ı ÇÓÒÚÓ˜ÌÓÈ íÛ‚˚ ÒÏÂ˘ÂÌ ‚
ÒÚÓÓÌÛ ·ÓÎÂÂ ÌËÁÍËı ÁÌ‡˜ÂÌËÈ (ÓÚ +2.0 ‰Ó –2.0),
‚ÂÓflÚÌÂÂ ‚ÒÂ„Ó, ÓÚ‡Ê‡fl ÒÓ‚ÏÂÒÚÌ˚È ‚ÍÎ‡‰ ‰Â‚-
ÌÂÈ ‰ÓÍÂÏ·ËÈÒÍÓÈ ÍÓ˚ íÛ‚ËÌÓ-åÓÌ„ÓÎ¸ÒÍÓ„Ó
ÏËÍÓÍÓÌÚËÌÂÌÚ‡, ˜‡ÒÚË˜ÌÓ ‚Ó‚ÎÂ˜ÂÌÌÓÈ ‚ Ï‡Ò-
¯Ú‡·ÌÓÂ „‡ÌËÚÓÓ·‡ÁÓ‚‡ÌËÂ, Ë ˝‚ÓÎ˛ˆËÓÌËÓ-
‚‡‚¯Â„Ó ÔÎ˛ÏÓ‚Ó„Ó ËÒÚÓ˜ÌËÍ‡ [4, 10]. ÇÁ‡ËÏÓÒÓ-
„Î‡ÒÓ‚‡ÌÌÓÒÚ¸ Ò Ô‡ÎËÌÒÔ‡ÒÚË˜ÂÒÍËÏË ÂÍÓÌÒÚ-
ÛÍˆËflÏË ‰ÓÒÚË„‡ÂÚÒfl ‚ ÚÓÏ ÒÎÛ˜‡Â, ÂÒÎË
‰ÓÔÛÒÚËÚ¸ ÔÓÒÍ‡Î¸Á˚‚‡ÌËÂ ‡ÌÌÂÍ‡ÎÂ‰ÓÌÒÍÓ„Ó
‡ÍÍÂˆËÓÌÌÓ-ÍÓÎÎËÁËÓÌÌÓ„Ó ÔÓflÒ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ
ëË·ËÒÍÓ„Ó ÍÓÌÚËÌÂÌÚ‡, ‚‡˘‡˛˘Â„ÓÒfl ÔÓÚË‚
˜‡ÒÓ‚ÓÈ ÒÚÂÎÍË. äÓÒ‚ÂÌÌ˚Ï Ó·‡ÁÓÏ ˝ÚÓ ÔÓ‰-
Ú‚ÂÊ‰‡ÂÚÒfl „ÂÌÂ‡Î¸ÌÓÈ Ô‡‚ÓÒÚÓÓÌÌÂÈ ÍËÌÂ-
Ï‡ÚËÍÓÈ ÍÓÎÎËÁËÓÌÌÓ-Ò‰‚Ë„Ó‚˚ı ‰ÂÙÓÏ‡ˆËÈ ‚
á‡Ô‡‰ÌÓÏ èË·‡ÈÍ‡Î¸Â, „‰Â ‡ÌÌÂÍ‡ÎÂ‰ÓÌÒÍËÂ
ÒÚÛÍÚÛÌÓ-‚Â˘ÂÒÚ‚ÂÌÌ˚Â ÍÓÏÔÎÂÍÒ˚ ÌÂÔÓÒÂ‰-
ÒÚ‚ÂÌÌÓ ÒÓÔËÍ‡Ò‡˛ÚÒfl Ò ˆÓÍÓÎÂÏ ëË·ËÒÍÓÈ
ÔÎ‡ÚÙÓÏ˚ [15], Ó‰Ì‡ÍÓ ÓÍÓÌ˜‡ÚÂÎ¸Ì˚È ‚˚‚Ó‰
ÚÂ·ÛÂÚ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı Ô‡ÎÂÓÏ‡„ÌËÚÌ˚ı Ë „ÂÓ-
ıÓÌÓÎÓ„Ë˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ.

á ‡ Í Î ˛ ˜ Â Ì Ë Â. ÑÎfl ‡ÌÌÂÍ‡ÎÂ‰ÓÌÒÍËı ·‡ÚÓ-
ÎËÚÓ‚ ÄÎÚ‡Â-ë‡flÌÒÍÓÈ ÒÍÎ‡‰˜‡ÚÓÈ Ó·Î‡ÒÚË ‚˚fl‚-
ÎÂÌÓ Á‡ÍÓÌÓÏÂÌÓÂ ÒÍÓÎ¸ÊÂÌËÂ ÔÓ ‚ÓÁ‡ÒÚÛ Ë
Ï‡Ò¯Ú‡·‡Ï „‡ÌËÚÓÓ·‡ÁÓ‚‡ÌËfl. ç‡ ÙÓÌÂ ÚÂı
Ó·˘Ëı ÔËÍÓ‚ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË (495 ± 5,
475 ± 5, 450 ± 5 ÏÎÌ. ÎÂÚ) ÔÓÁ‰ÌÂÍÂÏ·ËÈÒÍÓ-‡Ì-
ÌÂÓ‰Ó‚ËÍÒÍËÈ Û·ÂÊ Ì‡Ë·ÓÎÂÂ ÓÚ˜ÂÚÎË‚Ó ÔÓfl‚-
ÎÂÌ ‚ ÄÎÚ‡Â-äÛÁÌÂˆÍÓ-Å‡ÚÂÌÂ‚ÒÍÓÏ ÒÂ„ÏÂÌÚÂ, ‡ ÔÓ-



ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 396      ‹ 3     2004

êÄççÖèÄãÖéáéâëäàÖ ÉêÄçàíéàÑçõÖ ÅÄíéãàíõ 373

Á‰ÌÂÓ‰Ó‚ËÍÒÍËÈ – ‚ íÛ‚ËÌÓ-åÓÌ„ÓÎ¸ÒÍÓÏ. ì˜ËÚ˚-
‚‡fl ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌÛ˛ ÒÓÔflÊÂÌÌÓÒÚ¸
„‡ÌËÚÓË‰Ì˚ı ·‡ÚÓÎËÚÓ‚ Ò ÒÛ·˘ÂÎÓ˜Ì˚ÏË Ë ̆ ÂÎÓ˜-
Ì˚ÏË ÍÓÏÔÎÂÍÒ‡ÏË, ÔÂ‰ÎÓÊÂÌ‡ ÏÓ‰ÂÎ¸ ÏË„‡ˆËË
‡ÌÌÂÍ‡ÎÂ‰ÓÌÒÍÓ„Ó ‡ÍÍÂˆËÓÌÌÓ-ÍÓÎÎËÁËÓÌÌÓ„Ó
ÔÓflÒ‡ Ì‡‰ Â‰ËÌÓÈ “„Ófl˜ÂÈ” ÚÓ˜ÍÓÈ.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
ÔÓÂÍÚÓ‚ êîîà („‡ÌÚ˚ 03–05–65081, 03–05–
65099, 04–05–64443, 03–05–64533) Ë àÌÚÂ„‡ˆËÓÌ-
ÌÓ„Ó ÔÓÂÍÚ‡ ëé êÄç (‹ 6.7.2) Ë ÙÓÌ‰‡ “ìÌË‚Â-
ÒËÚÂÚ˚ êÓÒÒËË” („‡ÌÚ ìê ‹ 09.01.018).
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