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EXPERIENCE OF FINEGRAINED MINERAL AGGREGATES INVESTIGATION OF 
THE HYPERGENESIS ZONE OF THE TRANSBAIKAL DEPOSITS 

BY PHYSICALCHEMICAL METHODS

Èçëîæåíû ðåçóëüòàòû èññëåäîâàíèÿ ìèíåðàëüíîãî, õèìè÷åñêîãî ñîñòàâà è ñòðóêòóðû  òîíêîçåðíèñòûõ 
ïðèðîäíûõ ìèíåðàëüíûõ àññîöèàöèé – ìèíåðàëîâ ïîäêëàññà ïðèðîäíûå ñîëè ñåðíîé êèñëîòû â çîíå ãè
ïåðãåíåçà ìåñòîðîæäåíèé Ñîïêà Áîëüøàÿ (Øåðëîâàÿ ãîðà) è Êëþ÷åâñêîå. Ñ ïîìîùüþ ïëàìåííîé àòîì
íîàáñîðáöèîííîé ñïåêòðîìåòðèè è òóðáèäèìåòðèè óñòàíîâëåí õèìè÷åñêèé ñîñòàâ ìèíåðàëüíûõ àãðåãà
òîâ, ïðåäñòàâëÿþùèõ ñîáîé ñìåñü ñóëüôàòîâ. Óñòàíîâëåíî, ÷òî â ìèíåðàëüíûõ àññîöèàöèÿõ ïðåîáëàäàþò 
êàòèîíû ìàãíèÿ, æåëåçà, öèíêà, êàëüöèÿ è ìåäè ñ ïåðåìåííûì ñîäåðæàíèåì. Èììåðñèîííûì ìåòîäîì ñ 
èñïîëüçîâàíèåì ïîëÿðèçàöèîííîãî ìèêðîñêîïà, ïîäòâåðæäåííûì ðåíòãåíîôàçîâûì àíàëèçîì, äèàãíîñòè
ðîâàíû ìèíåðàëû: ãåêñàãèäðèò, ïåíòàãèäðèò, ñòàðêåèò, ñèäåðîòèë, õàëüêàíòèò, ïðèìåñè ãèïñà è êâàðöà. 
Ñ ïîìîùüþ ÈÊñïåêòðîñêîïèè è òåðìè÷åñêîãî àíàëèçà ïîêàçàíî, ÷òî âñå îíè ñîäåðæàò  â ñâîåé ñòðóêòóðå 
êðèñòàëëîãèäðàòíóþ âîäó

Êëþ÷åâûå ñëîâà: ìèíåðàëüíûå àññîöèàöèè; ñóëüôàòû; ôèçèêîõèìè÷åñêèå ìåòîäû àíàëèçà; Êëþ÷åâñêîå ìå
ñòîðîæäåíèå; ìåñòîðîæäåíèå Ñîïêà Áîëüøàÿ; Çàáàéêàëüå; ãèïåðãåíåç ìåñòîðîæäåíèé; èììåðñèîííûé ìå
òîä; òîíêîçåðíèñòûå ìèíåðàëüíûå àãðåãàòû; ÈÊñïåêòðîñêîïèÿ

The results of the mineral, chemical composition and structure of finegrained natural mineral aggregates inves
tigation – minerals of the natural salts subclass of sulfuric acid in the hypergenesis zone of the Sopka Bolshaya 
(Sherlova Gora) and Kliuchevskoye deposits are presented. With the help of flame atomic absorption spectrom
etry and turbidimetry, the chemical composition of mineral aggregates, which are a mixture of sulfates, is es
tablished. It has been proved that cations of magnesium, iron, zinc, calcium and copper with variable content 
predominate in mineral associations. By the immersion method with the use of a polarizing microscope, confirmed 
by xray phase analysis such minerals as hexahydrite, pentahydrite, starkeite, siderotil, chalcantite, admixtures of 
gypsum and quartz are diagnosed. Using IR spectroscopy and thermal analysis, it is shown that they all contain 
crystalline hydrate in their structure

Key words: mineral associations; sulfates; physical and chemical methods of analysis; Klyuchevskoye deposit; Sopka Bol
shaya deposit; Transbaikalia; hypergenesis of deposits; immersion method; finegrained mineral aggregates; IR spectroscopy
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Àêòóàëüíîñòü ïðîáëåìû. Ñàìûì ìíî
ãî÷èñëåííûì êëàññîì, âêëþ÷àþùèì 

îêîëî äâóõ òðåòåé âñåõ èçâåñòíûõ â íàñòîÿ
ùåå âðåìÿ ìèíåðàëîâ, ÿâëÿþòñÿ ìèíåðàëû 
ñîëåé êèñëîðîäíûõ êèñëîò. Îíè îòíîñÿòñÿ 
ê ñîâðåìåííîìó ìèíåðàëîîáðàçîâàíèþ è 
ïðåäñòàâëÿþò îïðåäåëåííûé èíòåðåñ äëÿ 
èçó÷åíèÿ – çíàíèå õèìè÷åñêîãî ñîñòà
âà ïðèðîäíûõ ñîëåé êèñëîðîäíûõ êèñëîò 
ïîçâîëÿåò ñóäèòü î ìèãðàöèè õèìè÷åñêèõ 
ýëåìåíòîâ â ëàíäøàôòå è ìèíåðàëîîáðàçî
âàíèè [1; 2; 4; 9].  Ìèíåðàëüíûå àññîöè
àöèè ìåñòîðîæäåíèé Çàáàéêàëüñêîãî êðàÿ 
Ñîïêà Áîëüøàÿ (Øåðëîâàÿ ãîðà) è Êëþ
÷åâñêîå îòíîñèòåëüíî õîðîøî èçó÷åíû ðà
íåå [2; 4; 9], îäíàêî äåòàëüíîå èõ ñòðîåíèå 
è ñòðóêòóðà íå èññëåäîâàíû. Êîìïëåêñíûé 
àíàëèç ïîäîáíûõ ìèíåðàëüíûõ îòëîæåíèé 
ðàñêðûâàåò ñëîæíîñòü è ìíîãîîáðàçèå ñî
âðåìåííîãî ìèíåðàëîîáðàçîâàíèÿ. 

Öåëü ðàáîòû – èçó÷åíèå ìèíåðàëîâ 
êëàññà êèñëîðîäíûõ êèñëîò ïîäêëàññà ïðè
ðîäíûå ñîëè ñåðíîé êèñëîòû óêàçàííûõ ìå
ñòîðîæäåíèé ôèçèêîõèìè÷åñêèìè ìåòîäà
ìè, îïðåäåëåíèå èõ õèìè÷åñêîãî ñîñòàâà.

Ìàòåðèàëû è ìåòîäû. Èññëåäóåìûå 
îáðàçöû ïîëó÷åíû â 2006–2008 ãã. â âèäå 
ìèíåðàëüíûõ àññîöèàöèé, ìàêðîìîðôîëî
ãè÷åñêèå îñîáåííîñòè êîòîðûõ îïðåäåëÿëè 
ïðÿìûì íàáëþ äåíèåì è ñ èñïîëüçîâàíè
åì áèíîêóëÿðíîãî ìèêðî ñêîïà ÌÁÑ2 [5]. 
Ðàçäåëåíèå íà ìîíîìèíåðàëüíûå ôðàêöèè 
îñóùåñòâëÿëè ñ ïîìîùüþ ïðåïàðàòèâíîé 
èãëû. Îïðåäåëåíèå ïîêàçàòåëåé ïðåëîìëå
íèÿ ïðîèçâåäåíî â èììåðñèîííûõ ïðåïàðà
òàõ íà ïîëÿðèçàöèîííîì ìèêðîñêîïå AXIO 
Scope A1ôèðìû Karl Zeiss.

Ê ïðîáàì, îòîáðàííûì ñ ìåñòî
ðîæäåíèÿ Ñîïêà Áîëüøàÿ, îòíîñÿòñÿ: 
ØÃ07/164, ØÃ08/185; ñ Êëþ÷åâñêîãî 
ìåñòîðîæäåíèÿ: ÊË×ÑÌÎ06 (I) è ÊË×
ÑÌÎ06 (II). 

Äëÿ èçó÷åíèÿ ìèíåðàëüíûõ îáðàçöîâ 
ïðèìåíåí êîìïëåêñíûé èíñòðóìåíòàëüíûé 
àíàëèç. Ðåãèñòðàöèÿ ÈÊñïåêòðîâ ïðîâå
äåíà íà ñïåêòðîôîòîìåòðå ñ Ôóðüå ïðåîá
ðàçîâàíèåì [8] «Shimadzu» FTIR8400S â 
ëàáîðàòîðèè «Ôèçèêîõèìè÷åñêèõ èññëå
äîâàíèé ïðèðîäíûõ îáúåêòîâ è ñèíòåçèðî
âàííûõ âåùåñòâ» èíæåíåðîì Ä. Â. Ïóçû

íèíûì. Äëÿ óñòàíîâëåíèÿ êîëè÷åñòâåííîãî 
ñîäåðæàíèÿ êàòèîíîâ äâóõâàëåíòíûõ ìå
òàëëîâ èñïîëüçîâàëñÿ ìåòîä ïëàìåííîé 
àòîìíîàáñîðáöèîííîé ñïåêòðîìåòðèè 
(ÀÀÑ). Âûáîð ìåòàëëîâ äëÿ îïðåäåëåíèÿ 
ïðîèçâåäåí èñõîäÿ èç ïðåäïîëîæåíèÿ, ÷òî 
èññëåäóåìûå ìèíåðàëû ÿâëÿþòñÿ ñóëüôà
òàìè ìåäè, öèíêà, ìàãíèÿ è êàëüöèÿ. Ïîä
ãîòîâêà ïðîá è àíàëèç ñäåëàíû â ñîîòâåò
ñòâèè ñ ÏÍÄ Ô 14.1:2:4.13798 [6] è ÏÍÄ 
Ô 14.1:2:4.13998 [7]. Îïðåäåëåíèå ñîäåð
æàíèÿ ñóëüôàòèîíîâ ïðîâîäèëè ñîãëàñíî 
ÃÎÑÒ 319402012 òóðáèäèìåòðè÷åñêèì 
ìåòîäîì íà ñïåêòðîôîòîìåòðå ÑÔ2000 
ïðè äëèíå âîëíû λ=364 íì. Ñèíõðîííûé 
òåðìè÷åñêèé àíàëèç ïðîâåäåí â ÈÏÐÝÊ ÑÎ 
ÐÀÍ àíàëèòèêîì Ð. À. Ôèëåíêî íà ïðèáîðå 
STA 449 F1 Jupiter ôèðìû NETZSCH. Ðåíò
ãåíîôàçîâûé àíàëèç âûïîëíåí â Èíñòèòóòå 
Çåìíîé Êîðû ÑÎ ÐÀÍ íà ðåíòãåíîâñêîì 
äèôðàêòîìåòðå D8 Advance (Bruker AXS, 
Ãåðìàíèÿ) èíæåíåðîì Ç. Ô. Óùàïîâñêîé 
è ìëàäøèì íàó÷íûì ñîòðóäíèêîì Ä. Ñ. Ñó
âîðîâîé. Ôàçîâûé ñîñòàâ îáðàçöîâ ðàñ
øèôðîâàí ñ ïîìîùüþ ïðîãðàììû EVA 
(Diffracplus, PDF2, 2007 ã.) [3].

Ðåçóëüòàòû è îáñóæäåíèå. Ïðî
áà ØÃ07/164 ïðåäñòàâëÿëà ñîáîé ñìåñü 
õðóïêèõ ðàçíîîáðàçíî îêðàøåííûõ ïî
ðîøêîîáðàçíûõ ìèíåðàëîâ, äëÿ èññëåäîâà
íèÿ îòîáðàí îáðàçåö áëåäíîãîëóáîãî öâå
òà ñî ñêðûòîêðèñòàëëè÷åñêîé ñòðóêòóðîé. 
Ïðîáà ØÃ08/185 ïðåäñòàâëÿåò õðóïêèå 
êîðî÷êè íåáåñíîãîëóáûõ êðèñòàëëîâ ñî 
ñòåêëÿííûì áëåñêîì, ðàçâèâàâøèõñÿ ïî 
òðåùèíàì â êâàðöåâîïîëåâîøïàòîâûõ 
àãðåãàòàõ. Îáðàçöû ÊË×ÑÌÎ06 (I) è 
ÊË×ÑÌÎ06 (II) – ïîðîøêîîáðàçíûå ìèíå
ðàëû ñî ñêðûòîêðèñòàëëè÷åñêîé ñòðóêòóðîé 
áåëîãî è áëåäíîãîëóáîãî öâåòà ñîîòâåòñòâåí
íî â òðåùèíàõ â òóðìàëèíêâàðöåâîñóëü
ôèäíîì æèëüíîì ìèíåðàëüíîì êîìïëåêñå.

Èììåðñèîííûì ìåòîäîì îïðåäåëåíû 
ïîêàçàòåëè ïðåëîìëåíèÿ çåðåí è óñòà
íîâëåíî ÷åòûðå ìèíåðàëüíûõ âèäà: ýïñî
ìèò (n

p
=1,440±0,003; n

m
=1,453±0,003; 

n
g 

= 1,464±0,003), ãåêñàãèäðèò 
(n

p
=1,437±0,003; n

m
=1,464±0,003; 

n
g
=1,464±0,003) è ïåíòàãèäðèò 

(n
p
=1,480±0,003; n

m
=1,491±0,003; 
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n
g
=1,493±0,003), à òàêæå ñèäåðîòèë 

(n
p
 =1,512±0,003; n

m
=1,525±0,003; 

n
g
=1,534±0,003) â ïðîáå ÊË×ÑÌÎ06 

(I), ñòàðêèèò (n
p
 =1,459±0,003; 

n
m
=1,469±0,003; n

g
=1,473±0,003) è 

ãèïñ (n
p
 =1,519±0,003; n

m
=1,524±0,003; 

n
g
=1,533±0,003) â ïðîáå ÊË×ÑÌÎ06 

(II). Îñîáåííîñòüþ ýïñîìèòà ÿâëÿþòñÿ íå
ñêîëüêî ïîâûøåííûå ïîêàçàòåëè ïðåëîì
ëåíèÿ, ÷òî ñâÿçàíî, âåðîÿòíî, ñ ïðèìåñüþ 
ìåäè, î ÷åì ñâèäåòåëüñòâóþò äàííûå õèìè
÷åñêîãî àíàëèçà. Ïðèñóòñòâóåò òàêæå õàëü
êàíòèò (îáð. ØÃ07/164 è ØÃ08/185), 
÷òî ïîäòâåðæäåíî èçìåðåíèåì ïîêàçà
òåëåé ïðåëîìëåíèÿ (n

p
 =1,500±0,003; 

n
m
=1,534±0,003; n

g
=1,537±0,003). Â 

îáðàçöå ØÃ07/164, ñîäåðæàùåì ñóùå
ñòâåííóþ ïðèìåñü öèíêà, äèàãíîñòèðîâàíû 
èíäèâèäû áîéëåèòà ñ  òèïè÷íûìè ïîêàçà
òåëÿìè ïðåëîìëåíèÿ (n

p
 =1,520±0,003; 

n
m
=1,532±0,003; n

g 
=1,536±0,003), ÿâ

ëÿþùåãîñÿ ñóëüôàòîì  öèíêà è ìàãíèÿ 
((Zn,Mg)SO

4
·4H

2
O).

ÈÊñïåêòðîñêîïè÷åñêèé àíàëèç ïîä
òâåðäèë íàëè÷èå ñóëüôàòàíèîíà, êîòîðûé 
èìååò ÷åòûðå îñíîâíûå êîëåáàòåëüíûå ÷à

ñòîòû: ÷àñòîòà âàëåíòíûõ ñèììåòðè÷íûõ 
êîëåáàíèé ~981ñì1, òðèæäû âûðîæäåííûõ 
âàëåíòíûõ êîëåáàíèé ~1104 ñì1, äâàæäû 
âûðîæäåííûõ äåôîðìàöèîííûõ êîëåáàíèé 
~451 ñì1 è òðèæäû âûðîæäåííûõ äåôîðìà
öèîííûõ êîëåáàíèé ~613 ñì1. Îäíàêî ïîä 
âëèÿíèåì êàòèîíîâ ìåòàëëîâ â ìèíåðàëàõ 
÷àñòîòû ïîãëîùåíèÿ ìîãóò ñìåùàòüñÿ, ïî
ëîñû ðàñùåïëÿòüñÿ íà íåñêîëüêî êîìïîíåí
òîâ, à íåàêòèâíûå ÷àñòîòû ïðîÿâëÿòü ñåáÿ. 
Íà ðèñ. 1–4 ïðåäñòàâëåíû ÈÊñïåêòðû 
èññëåäóåìûõ ìèíåðàëîâ: ØÃ07/164, ØÃ
08/185, ÊË×ÑÌÎ06 (I) è ÊË×ÑÌÎ06 
(II) ñîîòâåòñòâåííî.

Íàëè÷èå êðèñòàëëèçàöèîííîé âîäû 
â ìèíåðàëàõ ïîäòâåðæäàåòñÿ ïîëîñà
ìè ïîãëîùåíèÿ â îáëàñòè 3600…3000 è 
1700…1600 ñì1, õàðàêòåðíûìè äëÿ âàëåíò
íûõ è äåôîðìàöèîííûõ êîëåáàíèé ìîëåêóë.

Îñîáåííîñòüþ ÈÊñïåêòðà îáðàçöà 
ØÃ08/185 (ðèñ. 2) ÿâëÿåòñÿ çíà÷èòåëü
íîå óøèðåíèå ïîëîñû ïîãëîùåíèÿ â îáëà
ñòè, õàðàêòåðíîé äëÿ âàëåíòíûõ êîëåáàíèé 
âîäû, à òàêæå áîëåå íèçêóþ ñòåïåíü ïîãëî
ùåíèÿ ïî ñðàâíåíèþ ñ ÈÊñïåêòðàìè äðó
ãèõ îáðàçöîâ.

Ðèñ. 1. ÈÊñïåêòð ïðîáû ØÃ07/164
Fig. 1. IR spectrum of the sample ShG07/164
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Ðèñ. 2. ÈÊñïåêòð ïðîáû ØÃ08/185
Fig. 2. IR spectrum of the sample ShG08/185

Ðèñ. 3. ÈÊñïåêòð ïðîáû ÊË×ÑÌÎ06 (I)
Fig. 3. IR spectrum of the sample KLChSMO06 (I)
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Ðèñ. 4. ÈÊñïåêòð ïðîáû ÊË×ÑÌÎ06 (II)
Fig. 4. IR spectrum of the sample KLChSMO06 (II)

Êàê èçâåñòíî, ìåòîäû êîëåáàòåëüíîé 
ñïåêòðîñêîïèè äàþò âîçìîæíîñòü ïîëó÷èòü 
îäíîçíà÷íûé îòâåò â âîïðîñå îïðåäåëåíèÿ 
ïðîñòðàíñòâåííîé ãðóïïû ñèììåòðèè, êî
òîðàÿ ÿâëÿåòñÿ íå òîëüêî ïàñïîðòíîé õà
ðàêòåðèñòèêîé ñòðóêòóðû ìèíåðàëà, íî è 
èíäèêàòîðîì óñëîâèé îáðàçîâàíèÿ â ïðèðî
äå [8].

Íà ðèñ. 5...8 ïðèâåäåíû ðåçóëüòàòû 
ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà (ÄÒÀ
ÄÑÊÒÃ) îáðàçöîâ.  

Íàâåñêà ìèíåðàëà ØÃ08/185 ñîñòà
âèëà 10,1366 ìã, òåìïåðàòóðà èññëåäîâàíèÿ 
– îò êîìíàòíîé äî 950 °C. Íà òåðìîãðàâè
ìåòðè÷åñêîé (ÒÃ) êðèâîé íàáëþäàåì ïÿòü 
ñòàäèé ïîòåðè ìàññû ñ ñîîòâåòñòâóþùèìè 
ýêñòðåìóìàìè íà äèôôåðåíöèàëüíîé ñêà
íèðóþùåé êàëîðèìåòðè÷åñêîé (ÄÑÊ) êðè
âîé ïðè òåìïåðàòóðàõ 94,6; 126,2; 234,3; 
710,4; 759,9 è 914,0 °Ñ (ðèñ. 5). Ïåðâûå 
òðè ñòàäèè â äèàïàçîíå òåìïåðàòóð îò êîì
íàòíîé äî 250 °C îáóñëîâëåíû ïîòåðåé èñ

ñëåäóåìûì âåùåñòâîì êðèñòàëëèçàöèîííîé 
âîäû. Óìåíüøåíèå ìàññû ïðîáû â ðåçóëüòà
òå äåãèäðàòàöèè ñîñòàâèëî 32,94 %. Ñëåäó
þùèå òðè ñòàäèè ïîòåðè ìàññû îïðåäåëÿþò 
ðàçëîæåíèå ñóëüôàòà (600…725 °C) è âîñ
ñòàíîâëåíèå îñòàòî÷íûõ îêñèäîâ ìåòàëëîâ, 
ïðèñóòñòâóþùèõ â ñòðóêòóðå èññëåäóåìîãî 
ìèíåðàëà (750…900 °Ñ) [3].

Òåðìîãðàììà ïðîáû ØÃ07/164 ïðåä
ñòàâëåíà íà ðèñ. 6. Íàãðåâàíèå ìèíåðàëà 
ïðîâîäèëîñü äî òåìïåðàòóðû 1000 °Ñ, ìàññà 
íàâåñêè, âçÿòàÿ äëÿ èññëåäîâàíèÿ, ñîñòàâè
ëà 2,8971 ìã. Ïåðâûå äâå ñòóïåíè ïîòåðè 
ìàññû ñ ýêñòðåìóìàìè íà ÄÑÊ êðèâîé ïðè 
òåìïåðàòóðàõ 94,2 è 327,3 °Ñ õàðàêòåðè
çóþò óäàëåíèå êðèñòàëëèçàöèîííîé âîäû. 
Óìåíüøåíèå ìàññû ñîñòàâèëî 31,22 %. 
Ñëåäóþùèå ñòàäèè ñíèæåíèÿ ìàññû (ýêñ
òðåìóìû ïðè 703,4; 765,0 è 893,4 °Ñ) 
îáúÿñíÿþòñÿ ðàçëîæåíèåì ñóëüôàòèîíà è 
âîññòàíîâëåíèåì ìåòàëëîâ äî îêñèäîâ.
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Ðèñ. 5. Òåðìîãðàììà ïðîáû ØÃ08/185
Fig. 5. Thermogram of sample SHG08/185

Ðèñ. 6. Òåðìîãðàììà ïðîáû ØÃ07/164/
Fig. 6. Thermogram of sample SHG08/164

Íà ðèñ. 7 – òåðìîãðàììà ïðîáû 
ÊË×ÑÌÎ06 (I). Ïðîáó  íàãðåâàëè äî òåì
ïåðàòóðû 1100 °Ñ, ìàññà íàâåñêè ñîñòàâèëà 
10,6050 ìã. Íà ÒÃ êðèâîé ìû íàáëþäàåì 

ïÿòü ñòàäèé èçìåíåíèÿ ìàññû ñ ñîîòâåò
ñòâóþùèìè èì ýêñòðåìóìàìè íà ÄÑÊ êðè
âîé ïðè òåìïåðàòóðàõ 107,8; 125,9; 199,0; 
315,3; 732,9 è 972,4 °Ñ. Ïðè òåìïåðàòóðå 
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~400 °Ñ ïðîèñõîäèò óäàëåíèå êðèñòàëëèçà
öèîííîé âîäû, ñîîòâåòñòâóþùåå óìåíüøå
íèå íàâåñêè ïðîáû ñîñòàâèëî 38,81 %.

Èññëåäîâàíèå ïðîáû ÊË×ÑÌÎ06 
(II) ïðîâåäåíî ïðè íàãðåâàíèè äî 1100 °C, 
ìàññà íàâåñêè ñîñòàâèëà 10,120450 ìã. 
Íà ÒÃ êðèâîé (ðèñ. 8) èäåíòèôèöèðóåòñÿ 
6 ñòàäèé ïîòåðè ìàññû è ñîîòâåòñòâóþùèå 
èì ýíäîòåðìè÷åñêèå ïèêè íà ÄÑÊ êðèâîé. 

Äî ~350 °Ñ ïðîèñõîäèò óäàëåíèå êðèñòàë
ëèçàöèîííîé âîäû, â ñâÿçè ñ ÷åì íàâåñêà 
ïðîáû óìåíüøèëàñü íà 47,39 %. Ïîñëåäíÿÿ 
ñòàäèÿ ïîòåðè ìàññû ñ ñîîòâåòñòâóþùèì 
ýíäîòåðìè÷åñêèì ýôôåêòîì ïðè òåìïåðà
òóðå 998,4 °C, âîçìîæíî, õàðàêòåðèçóåòñÿ 
îáðàçîâàíèåì îêñèäîâ ìåäè è ìàãíèÿ è ðàç
ëîæåíèåì ñóëüôàòà [3].

Ðèñ. 8. Òåðìîãðàììà ïðîáû ÊË×ÑÌÎ06 (II)
Fig. 8. Thermogram of sample KLChSMO06 (II)

Ðèñ. 7. Òåðìîãðàììà ïðîáû ÊË×ÑÌÎ06 (I)
Fig. 7. Thermogram of sample KLChSMO06 (I)
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Êðîìå òîãî, ñ ïîìîùüþ òåðìè÷åñêîãî 
àíàëèçà ðàññ÷èòàíî êîëè÷åñòâåííîå ñîäåð
æàíèå âîäû â ìèíåðàëàõ (òàáë. 3).

Òàêèì îáðàçîì, ïî ðåçóëüòàòàì èçó
÷åíèÿ ìåòîäàìè ÈÊñïåêòðîñêîïèè è òåð
ìè÷åñêîãî àíàëèçà ìîæíî îòíåñòè èññëå
äóåìûå ìèíåðàëû ê ïîäêëàññó ïðèðîäíûõ 
ñîëåé ñåðíîé êèñëîòû, ñîäåðæàùèõ êðè
ñòàëëîãèäðàòíóþ âîäó.

Èòîãè èññëåäîâàíèÿ õèìè÷åñêîãî ñî
ñòàâà ìèíåðàëîâ ïðèâåäåíû â òàáë.1. Èñ

õîäÿ èç ïîëó÷åííûõ äàííûõ, ïðîáû ìèíå
ðàëîâ ØÃ07/164 è ØÃ08/185 ìîæíî 
îòíåñòè ê ñóëüôàòàì ìåäè, òàê êàê â îáðàç
öàõ âûÿâëåíî ïðåîáëàäàíèå êàòèîíîâ Cu. 
Ïðîáû ÊË×ÑÌÎ06 (I) è ÊË×ÑÌÎ06 
(II) – ýòî ñóëüôàòû ìàãíèÿ, îäíàêî áîëü
øîå ñîäåðæàíèå Cu â ïðîáå ÊË×ÑÌÎ06 
(I) ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî â äàííîì 
îáðàçöå ìîæåò íàõîäèòüñÿ ñìåñü ìèíåðàëîâ 
ìàãíèÿ è ìåäè [9].

Òàáëèöà 1 / Table 1
Ðåçóëüòàòû èññëåäîâàíèÿ ìèíåðàëîâ ïîäêëàññà ïðèðîäíûõ ñîëåé ñåðíîé êèñëîòû 

ìåòîäîì ÀÀÑ/ Results of minerals investigation of natural salts subclass of sulfuric 
acid by the AAS method

Ïðîáà/Sample Íàâåñêà, ã/ 
Weight, g

Îïðåäåëÿåìûå êîìïîíåíòû, ìã/ 
Determined components, mg

Ca Cu Mg Zn
ØÃ07/164/ShG07/164 0,0256 0,2242 4,3580 – 2,1403

ØÃ08/185/ShG08/185 0,1719 0,3493 40,4020 – 0,1131

ÊË×ÑÌÎ06(I)/KLChSMO06(I) 0,0232 0,0422 1,2040 2,2404 0,0343

ÊË×ÑÌÎ06(II)/KLChSMO06(II) 0,0512 0,0488 0,1620 4,3731 0,0422

Êàòèîííûé ñîñòàâ îáðàçöîâ ÊË×
ÑÌÎ06 (I) è ÊË×ÑÌÎ06 (II) ïî ñî
äåðæàíèþ èîíîâ ìåòàëëîâ îêàçàëñÿ ñîïî
ñòàâèì ñ èññëåäîâàíèÿìè, ïðèâåäåííûìè 
ðàíåå [1; 9]. 

Ðåçóëüòàòû êîëè÷åñòâåííîãî îïðåäåëå
íèÿ ìåòîäîì òóðáèäèìåòðèè ñóëüôàòèîíîâ 
â ïðîáàõ ØÃ07/164, ØÃ08/185, ÊË×
ÑÌÎ06(I) è ÊË×ÑÌÎ06(II) ñ ó÷åòîì 
õîëîñòîãî îïûòà (D=0,0215 %) ïðåäñòàâ
ëåíû â òàáë. 2.

Ïî äàííûì ïðîâåäåííîãî àíàëèçà 
ìîæíî íàäåæíî îòíåñòè èññëåäóåìûå ìèíå
ðàëû ê ïîäêëàññó ïðèðîäíûõ ñîëåé ñåðíîé 
êèñëîòû.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ïîçâîëèë 
îïðåäåëèòü ìèíåðàëüíûé ñîñòàâ îáðàçöîâ. 
Äèôðàêòîãðàììà ïðîáû ØÃ07/164, ïðåä
ñòàâëåííàÿ íà ðèñ. 9, ïîäòâåðæäàåò, ÷òî 
ïðîáà èìååò ñëåäóþùèé ñîñòàâ: õàëüêàí
òèò, âîçìîæíî, ñëåäû ãèïñà è êâàðöà. 

Òàáëèöà 2 / Table 2
Ñîäåðæàíèå ñóëüôàòèîíîâ â èññëåäóåìûõ ìèíåðàëàõ/

Content of sulfate ions in the minerals under study

Ïðîáà/ Sample ØÃ07/164/ 
ShG07/164

ØÃ08/185/ 
ShG08/185

ÊË×ÑÌÎ06(I)/ 
KLChSMO06(I)

ÊË×ÑÌÎ06(II)/ 
KLChSMO06(II)

Íàâåñêà, ã/ 
Weight, g 0,0256 0,1719 0,0232 0,0516

D, % 0,0722 0,3930 0,0821 2,0873

C, ã 0,0069 0,0380 0,0079 0,0194
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Ðèñ. 9. Äèôðàêòîãðàììà îáðàçöà ØÃ–07/164
(ñîñòàâ ïðîáû: êðàñíûì öâåòîì ïîêàçàíî ïðèñóòñòâèå õàëüêàíòèòà; ñèíèì –  ãèïñà; çåëåíûì – êâàðöà)

Fig. 9. Diffraction pattern of sample ShG07/164
(sample composition: red color shows the presence of chalcantite, blue – gypsum, green – silica)

Äëÿ ïðîáû ØÃ08/185 (ðèñ. 10) ïîëó÷åí ñëåäóþùèé ôàçîâûé ñîñòàâ: ñèäåðîòèë, 
âîçìîæíî ñëåäû ãèïñà è êâàðöà.

Ðèñ. 10. Äèôðàêòîãðàììà ïðîáû ØÃ–08/185
(ñîñòàâ ïðîáû: êðàñíûì öâåòîì ïîêàçàíî ïðèñóòñòâèå ãèïñà; ñèíèì – ñèäåðîòèëà; çåëåíûì – êâàðöà)

Fig. 10. Diffraction pattern of sample ShG08/185
(sample composition: red color shows the presence of gypsum, blue – siderotil, green – silica)
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Â ïðîáàõ ÊË×ÑÌÎ06 (I) (ðèñ. 11) 
è ÊË×ÑÌÎ06 (II) (ðèñ. 12) óñòàíîâëåíî 
ïðèñóòñòâèå ãåêñàãèäðèòà è ïåíòàãèäðèòà, 

à òàêæå ñèäåðîòèë â ïðîáå ÊË×ÑÌÎ06 
(I), ñòàðêåèò è ñëåäû ãèïñà â ïðîáå ÊË×
ÑÌÎ06 (II).

Ðèñ. 11. Äèôðàêòîãðàììà ïðîáû ÊË×–ÑÌÎ–06 (I) (ñîñòàâ ïðîáû: êðàñíûì öâåòîì ïîêàçàíî 
ïðèñóòñòâèå ãåêñàãèäðèòà; ñèíèì – ïåíòàãèäðèòà; çåëåíûì – ñèäåðîòèëà)

Fig. 11. Diffraction pattern of sample KLCh–SMO–06(I) (sample composition: red color shows the presence 
of hexahydrate, blue – pentahydrate, green – siderotil)

Ðèñ. 12. Äèôðàêòîãðàììà ïðîáû ÊË×–ÑÌÎ–06 (II) (ñîñòàâ ïðîáû: êðàñíûì öâåòîì ïîêàçàíî 
ïðèñóòñòâèå ãåêñàãèäðèòà; ñèíèì – ïåíòàãèäðèòà; çåëåíûì – ñòàðêèèòà; îðàíæåâûì – ãèïñà)

Fig. 12. Diffraction pattern of sample KLCh–SMO–06(II) (sample composition: red color shows the presence 
of hexahydrate, blue – pentahydrate, green – starkeyite, îrange – gypsum)
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Ðåçóëüòàòû èññëåäîâàíèÿ õèìè÷åñêîãî 
ñîñòàâà ìèíåðàëîâ ïðåäñòàâëåíû â òàáë. 3, 
âêëþ÷àþùåé âûðàæåííûå â ìàññîâûõ ïðî

öåíòàõ êîëè÷åñòâåííûå ñîäåðæàíèÿ êàòè
îíîâ ìåòàëëîâ, ñóëüôàòèîíîâ, ìîëåêóë 
âîäû è íåðàñòâîðèìîãî îñòàòêà. 

Òàáëèöà 3 / Table 3
Ñîñòàâ èññëåäóåìûõ ìèíåðàëüíûõ àññîöèàöèé, %/

Composition of the studied mineral associations, %

Ïðîáà/Sample Ca2+ Cu2+ Mg2+ Zn2+ H2O SO4
2 Fe2+

Íåðàñòâîðè
ìûé îñòàòîê/ 

Insoluble 
residue

ØÃ07/164/ ShG
07/164 0,8756 17,0234 – 8,3605 31,2200 26,9760 2,5308 13,0137

ØÃ08/185/ ShG
08/185 0,2032 23,5032 – 0,0658 32,9400 21,2291 15,5155 6,5432

ÊË×ÑÌÎ06 (I)/ 
KLChSMO06 (I) 0,1819 5,1897 9,6569 0,1484 38,8100 34,0517 1,1922 10,7692

ÊË×ÑÌÎ06 (II)/ 
KLChSMO06 (II) 0,0953 0,3164 8,5412 0,0824 47,3900 37,5969 0,5296 3, 8456

Ñîãëàñíî äàííûì òàáë. 3, îñíîâó îá
ðàçöîâ ÊË×ÑÌÎ06 (I) è ÊË×ÑÌÎ06 
(II) ñîñòàâëÿþò êàòèîíû ìåòàëëîâ ìåäè 
è ìàãíèÿ, ïðè÷åì ñîäåðæàíèå Mg2+ çíà
÷èòåëüíî ïðåîáëàäàåò, ÷òî òàêæå ïîä
òâåðæäàåò ðåíòãåíîñòðóêòóðíûé àíàëèç, 
èäåíòèôèöèðîâàâøèé ñóëüôàòû ìàãíèÿ 
(ãåêñàãèäðèò, ïåíòàãèäðèò, ñòàðêåèò). Äëÿ 
ïðîá ØÃ07/164 è ØÃ08/185 ïðåîáëàäà
þùèì ìåòàëëîì ÿâëÿåòñÿ ìåäü (ðåíòãåíî
ñòðóêòóðíûé àíàëèç óñòàíîâèë ñèäåðîòèë 
è õàëüêàíòèò). Â ñóììå ñîäåðæàíèå âñåõ 
êîìïîíåíòîâ äîëæíî ðàâíÿòüñÿ 100 %, îä
íàêî, ñîãëàñíî ðåíòãåíîñòðóêòóðíîìó àíà
ëèçó è ëèòåðàòóðíûì äàííûì [2; 4; 5; 9], 
â èññëåäóåìûõ ìèíåðàëàõ ìîãóò ïðèñóò
ñòâîâàòü òàêæå êàòèîíû äâóõâàëåíòíîãî 
æåëåçà, ñîäåðæàíèå êîòîðîãî îïðåäåëåíî 
ðàñ÷åòíûì ïóòåì. 

Âûâîäû. Ïðîâåäåí êîìïëåêñíûé àíà
ëèç èçó÷àåìûõ ìèíåðàëîâ ôèçèêîõèìè
÷åñêèìè ìåòîäàìè, îïðåäåëåí õèìè÷åñêèé 
ñîñòàâ. Íà îñíîâàíèè ïðîäåëàííîãî èññëå
äîâàíèÿ ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû.

1. Íà îñíîâå èñïîëüçîâàíèÿ èììåðñè
îííîãî ìåòîäà äèàãíîñòèðîâàíû ìèíåðàëü
íûå âèäû, ñëàãàþùèå òîíêîçåðíèñòûå ïî
ëèìèíåðàëüíûå àãðåãàòû.

2. Ñ ïîìîùüþ ìåòîäîâ ÀÀÑ è òóðáèäè
ìåòðèè îïðåäåëåí õèìè÷åñêèé ñîñòàâ èñ
ñëåäóåìûõ ìèíåðàëîâ. Óñòàíîâëåíî, ÷òî â 
ïðîáàõ ÊË×ÑÌÎ06 (I) è ÊË×ÑÌÎ06 
(II) ïðåîáëàäàþò ñóëüôàòû ìàãíèÿ, íå
çíà÷èòåëüíà ïðèìåñü Ca2+, Cu2+, Zn2+ è 
Fe2+; äëÿ ïðîáû ØÃ07/164 óñòàíîâëåíî 
ïîâûøåííîå ñîäåðæàíèå Cu è Zn, ÷òî ñâè
äåòåëüñòâóåò î ïðèñóòñòâèè â ïðîáå ñóëüôà
òîâ ýòèõ ìåòàëëîâ, â ÷àñòíîñòè, ñèäåðîòèëà, 
õàëüêàíòèòà è ñåðíîêèñëûõ ñîëåé ìåäè, 
òàêæå âûÿâëåíû ïðèìåñè Fe2+, Ca2+ è Zn2+; 
â ïðîáå ØÃ08/185 îáíàðóæåíî ïîâûøåí
íîå ñîäåðæàíèå Cu2+ è Fe2+, ñîäåðæàíèå 
äðóãèõ êàòèîíîâ ìåòàëëîâ íåçíà÷èòåëüíî.

3. Èññëåäîâàíèå ìåòîäàìè òåðìè÷åñêî
ãî àíàëèçà è èíôðàêðàñíîé ñïåêòðîñêîïèè 
ïîêàçàëî, ÷òî èññëåäóåìûå ìèíåðàëû îòíî
ñÿòñÿ ê ïîäêëàññó âîäíûõ ñîëåé ñåðíîé êèñ
ëîòû.

4. Ðåíòãåíîñòðóêòóðíûé àíàëèç ïîçâî
ëèë íàäåæíî èäåíòèôèöèðîâàòü âèäîâîé 
ñîñòàâ èçó÷åííûõ ìèíåðàëüíûõ àãðåãàòîâ. 
Óñòàíîâëåíî, ÷òî ïðîáû ÊË×ÑÌÎ06 (I) 
è ÊË×ÑÌÎ06 (II) ñîñòîÿò èç ýïñîìèòà, 
ãåêñàãèäðèòà, ïåíòàãèäðèòà, ñòàðêèèòà, 
ïðèìåñåé ãèïñà è êâàðöà. Â ïðîáå ÊË×
ÑÌÎ06 (I) îáíàðóæåíû òàêæå õàëüêàí
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òèò, ñóëüôàò ìåäè è æåëåçà – ñèäåðîòèë. Â 
îáðàçöàõ ØÃ07/164 è ØÃ08/185 èäåí
òèôèöèðîâàíû õàëüêàíòèò, ñèäåðîòèë, 
áîéëåèò ñ ïðèìåñÿìè ãèïñà è êâàðöà. Âû
ÿâëåíû ñóëüôàòû îäíîãî è òîãî æå ìåòàë
ëà ñ ðàçëè÷íûì ÷èñëîì ìîëåêóë êðèñòàëëî
ãèäðàòíîé âîäû: ýïñîìèò (MgSO

4
·7H

2
O), 

ãåêñàãèäðèò (MgSO
4
·6H

2
O), ïåíòàãèäðèò 

(MgSO
4
·5H

2
O), ñòàðêèèò (MgSO

4
·4H

2
O).

5. Îäíîé èç âàæíûõ íåðåøåííûõ ïðî
áëåì èçó÷åíèÿ òîíêîçåðíèñòûõ è òîíêîäèñ
ïåðñíûõ ìèíåðàëüíûõ àññîöèàöèé â çîíå 
ãèïåðãåíåçà îñòàåòñÿ ïîñëåäîâàòåëüíîñòü 
âûäåëåíèÿ ñóëüôàòîâ äâóõâàëåíòíûõ ìå
òàëëîâ èç ðàñòâîðîâ â ïðèðîäíûõ óñëîâè
ÿõ è îáðàçîâàíèå èõ ñóëüôàòîâ ñ ïåðåìåí
íûì ÷èñëîì ìîëåêóë êðèñòàëëîãèäðàòíîé 
âîäû.  
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