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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by 
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social 
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth 
of content Web of Science offers to researchers, authors, publishers, and institutions sets it 
apart from other research databases. The inclusion of News of NAS RK. Series of geology 
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication 
to providing the most relevant and influential content of geology and engineering sciences 
to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология 
және техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің 
жаңаланған нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын 
хабарлайды. Бұл индекстелу барысында Clarivate Analytics компаниясы журналды 
одан әрі the Science Citation Index Expanded, the Social Sciences Citation Index және the 
Arts & Humanities Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science 
зерттеушілер, авторлар, баспашылар мен мекемелерге контент тереңдігі мен 
сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы 
Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және 
беделді геология және техникалық ғылымдар бойынша контентке адалдығымызды 
білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и 
технических наук» был принят для индексирования в Emerging Sources Citation Index, 
обновленной версии Web of Science. Содержание в этом индексировании находится 
в стадии рассмотрения компанией Clarivate Analytics для дальнейшего принятия 
журнала в the Science Citation Index Expanded, the Social Sciences Citation Index и 
the Arts & Humanities Citation Index. Web of Science предлагает качество и глубину 
контента для исследователей, авторов, издателей и учреждений. Включение 
Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному 
контенту по геологии и техническим наукам для нашего сообщества.
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БАС РЕДАКТОР
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, РҚБ 

«Қазақстан Республикасы Ұлттық Ғылым академиясының» президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан), https://www.scopus.
com/authid/detail.uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

БАС РЕДАКТОРДЫҢ ОРЫНБАСАРЫ: 
АБСАДЫҚОВ Бақыт Нәрікбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қ.И. Сәтбаев атындағы Қазақ ұлттық техникалық зерттеу университеті (Алматы, Қазақстан), 
https://www.scopus.com/authid/detail.uri?authorId=6504694468, https://www.webofscience.com/wos/author/
record/2411827

РЕДАКЦИЯ АЛҚАСЫ:
ӘБСӘМЕТОВ Мәлiс Құдысұлы (бас редактордың орынбасары), геология-минералогия 

ғылымдарының докторы, профессор, ҚР ҰҒА академигі, У.М. Ахмедсафин атындағы Гидрогеология 
және геоэкология институтының директоры, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.
uri?authorId=56955769200, https://www.webofscience.com/wos/author/record/1937883

ЖОЛТАЕВ Герой Жолтайұлы, геология-минералогия ғылымдарының докторы, профессор, ҚР ҰҒА 
құрметті академигі, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=57112610200, 
https://www.webofscience.com/wos/author/record/1939201

СНОУ Дэниел, PhD, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры, (Небраска штаты, АҚШ), https://www.scopus.com/authid/detail.
uri?authorId=7103259215, https://www.webofscience.com/wos/author/record/1429613

ЗЕЛЬТМАНН Раймар, PhD, Жер туралы ғылымдар бөлімінің петрология және пайдалы қазбалар 
кен орындары саласындағы зерттеулерінің жетекшісі, Табиғи тарих мұражайы, (Лондон, Ұлыбритания), 
https://www.scopus.com/authid/detail.uri?authorId=55883084800, https://www.webofscience.com/wos/author/
record/1048681

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры, (Нанси, Франция), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.
webofscience.com/wos/author/record/1230499

ШЕН Пин, PhD, Қытай геологиялық қоғамының Тау-кен геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі, (Бейжің, Қытай), 
https://www.scopus.com/authid/detail.uri?authorId=57202873965, https://www.webofscience.com/wos/author/
record/1753209

ФИШЕР Аксель, қауымдастырылған профессор, PhD, Дрезден техникалық университеті, (Дрезден, 
Берлин), https://www.scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/
wos/author/record/2085986

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, Жаңа 
материалдар химиясы институтының құрметті директоры, (Минск, Беларусь), https://www.scopus.com/
authid/detail.uri?authorId=7004624845

КАТАЛИН Стефан, PhD, қауымдастырылған профессор, Техникалық университеті (Дрезден, 
Германия), https://www.scopus.com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/
wos/author/record/1309251

САҒЫНТАЕВ Жанай, PhD, қауымдастырылған профессор, Назарбаев университеті (Астана, 
Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=57204467637, https://www.webofscience.com/
wos/author/record/907886

ФРАТТИНИ Паоло, PhD, қауымдастырылған профессор, Бикокк Милан университеті, (Милан, 
Италия), https://www.scopus.com/authid/detail.uri?authorId=56538922400 

НҰРПЕЙІСОВА Маржан Байсанқызы – Техника ғылымдарының докторы, Қ.И. Сәтбаев атындағы 
Қазақ ұлттық зерттеу техникалық университетінің профессоры, (Aлматы, Қазақстан), https://www.scopus.com/
authid/detail.uri?authorId=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

Ратов Боранбай Товбасарович, техника ғылымдарының докторы, профессор, «Геофизика және 
сейсмология» кафедрасының меңгерушісі, Қ.И. Сәтбаев атындағы Қазақ ұлттық зерттеу техникалық 
университеті, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=55927684100, https://
www.webofscience.com/wos/author/record/1993614

РОННИ Берндтссон, Лунд университетінің Таяу Шығысты перспективалы зерттеу орталығының 
профессоры, Лунд университетінің толық курсты профессоры, (Швеция), https://www.scopus.com/authid/
detail.uri?authorId=7005388716, https://www.webofscience.com/wos/author/record/1324908

МИРЛАС Владимир, Ариэль университетінің Химиялық инженерия факультеті және Шығыс ғылыми-
зерттеу орталығы, (Израиль), https://www.scopus.com/authid/detail.uri?authorId=8610969300, https://www.
webofscience.com/wos/author/record/53680261



«Известия РОО «НАН РК». Серия геологии и технических наук».
ISSN 2518-170X (Online), 
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Собственник: Республиканское общественное объединение «Национальная академия наук Республики 
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Тематическая направленность:  геология, гидрогеология, география, горное дело и химические технологии 
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ГЛАВНЫЙ РЕДАКТОР
ЖУРИНОВ Мурат Журинович, доктор химических наук, профессор, академик НАН РК, президент 

РОО Национальной академии наук Республики Казахстан, генеральный директор АО «Институт топлива, 
катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан), https://www.scopus.com/authid/detail.
uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

ЗАМЕСТИТЕЛЬ ГЛАВНОГО РЕДАКТОРА 
АБСАДЫКОВ Бахыт Нарикбаевич, доктор технических наук, профессор, академик НАН РК, 

Казахский национальный исследовательский технический университет им. К.И. Сатпаева (Алматы, 
Казахстан), https://www.scopus.com/authid/detail.uri?authorId=6504694468, https://www.webofscience.com/
wos/author/record/2411827

РЕДАКЦИОННАЯ КОЛЛЕГИЯ:
АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геолого-

минералогических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии 
им. У.М. Ахмедсафина (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=56955769200, 
https://www.webofscience.com/wos/author/record/1937883

ЖОЛТАЕВ Герой Жолтаевич, доктор геологоминералогических наук, профессор, почетный академик 
НАН РК (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=57112610200, https://www.
webofscience.com/wos/author/record/1939201

СНОУ Дэниел, PhD, ассоциированный профессор, директор Лаборатории водных наук Университета 
Небраски (штат Небраска, США), https://www.scopus.com/authid/detail.uri?authorId=7103259215, https://
www.webofscience.com/wos/author/record/1429613

ЗЕЛЬТМАНН Раймар, PhD, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия), https://www.
scopus.com/authid/detail.uri?authorId=55883084800, https://www.webofscience.com/wos/author/record/1048681

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси (Нанси, 
Франция), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.webofscience.com/
wos/author/record/1230499

ШЕН Пин, PhD, заместитель директора Комитета по горной геологии Китайского геологического 
общества, член Американской ассоциации экономических геологов (Пекин, Китай), https://www.scopus.
com/authid/detail.uri?authorId=57202873965, https://www.webofscience.com/wos/author/record/1753209

ФИШЕР Аксель, ассоциированный профессор, PhD, технический университет Дрезден (Дрезден, 
Берлин), https://www.scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/
wos/author/record/2085986

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
директор Института химии новых материалов (Минск, Беларусь), https://www.scopus.com/authid/detail.
uri?authorId=7004624845

КАТАЛИН Стефан, PhD, ассоциированный профессор, Технический университет (Дрезден, 
Германия), https://www.scopus.com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/
wos/author/record/1309251

САГИНТАЕВ Жанай, PhD, ассоциированный профессор, Назарбаев университет (Астана, Казахстан), 
https://www.scopus.com/authid/detail.uri?authorId=57204467637 , https://www.webofscience.com/wos/author/
record/907886

ФРАТТИНИ Паоло, PhD, ассоциированный профессор, Миланский университет Бикокк (Милан, 
Италия), https://www.scopus.com/authid/detail.uri?authorId=56538922400 НУРПЕИСОВА Маржан 
Байсановна – доктор технических наук, профессор Казахского Национального исследовательского 
технического университета им. К.И. Сатпаева, (Aлматы, Казахстан), https://www.scopus.com/authid/detail.
uri?authorId=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

РАТОВ Боранбай Товбасарович, доктор технических наук, профессор, заведующий кафедрой 
«Геофизика и сейсмология», Казахский Национальный исследовательский технический университет им. 
К.И. Сатпаева, (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=55927684100, https://
www.webofscience.com/wos/author/record/1993614

РОННИ Берндтссон, Профессор Центра перспективных ближневосточных исследований Лундского 
университета, профессор (полный курс) Лундского университета, (Швеция), https://www.scopus.com/
authid/detail.uri?authorId=7005388716 , https://www.webofscience.com/wos/author/record/1324908

МИРЛАС Владимир, Факультет химической инженерии и Восточный научно-исследовательский 
центр, Университет Ариэля, (Израиль), https://www.scopus.com/authid/detail.uri?authorId=8610969300, 
https://www.webofscience.com/wos/author/record/53680261
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Abstract. The Bakyrchik gold ore district, located in Eastern Kazakhstan, 
represents one of the most promising areas for gold reserve expansion. This paper 
examines the geological structure of the district, with a particular focus on the 
Kyzylovskiy compression zone as a key element of the ore-bearing structure. Special 
attention is given to gold deposits hosted within black shale formations, including 
the type locality—Bakyrchik. The study analyzes the lithogeochemical conditions 
governing the formation of gold-carbon-sulfide ores, which are associated with 
Carboniferous-age carbonaceous marine formations that played a crucial role in 
ore-forming processes.

Prospective ore localization zones have been identified, encompassing the 
Bakyrchik ore field, which hosts both large deposits (Bakyrchik, Bolshevik) 
and medium to small-scale occurrences (Sholabay, Kholodny Klyuch, 
Promezhutochnoye, Goluboy Log, Sarbas). The structural characteristics of ore-
hosting rocks and their influence on gold concentration are described. The study 
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also explores the role of tectonic deformations, hydrothermal processes, and 
metamorphism in the redistribution of gold within ore-bearing zones.

Specific recommendations for geological exploration aimed at expanding the 
resource base are provided. Methods of structural-geological and geochemical 
analysis are suggested for predicting new ore occurrences. The paper also discusses 
the potential for discovering additional deposits within the studied area and the 
applicability of these findings to other ore-bearing regions in Kazakhstan.

The results of this study hold significant theoretical and practical value for 
gold deposit forecasting and exploration in black shale complexes, as well as for 
assessing the potential of analogous structures in other regions. The findings can be 
utilized to optimize exploration strategies and the development of gold ore deposits.

Keywords: Bakyrchik, Bakyrchik ore district, Kyzylovskiy deformation zone, 
black shale formations, gold deposits.
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Аннотация. Шығыс Қазақстанда орналасқан Бақыршық алтын өндіру 
аймағы алтын қорын ұлғайту бойынша перспективалы аймақтардың бірі 
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болып табылады. Мақалада облыстың геологиялық құрылымы және кенді 
құрылымның негізгі элементі ретінде Қызыл ығысу аймағының ерекшеліктері 
қарастырылады. Қара тақтатас қабаттарындағы алтын кен орындарына, 
соның ішінде типтік Бақыршық кен орнына ерекше көңіл бөлінеді. Кен 
түзілу процестерінде маңызды рөл атқарған карбон дәуірінің көміртекті теңіз 
түзілімдерімен байланысты алтын-көміртек-сульфидті кендердің түзілуінің 
литогеохимиялық жағдайлары талданады.

Кенді оқшаулаудың перспективалық аймақтары анықталды, оның ішінде 
ірі кен орындары да (Бақыршық, Большевик), шағын және орта объектілер 
де (Шолабай, Холодный ключ, Промежуточное, Голубой Лог, Сарбас) бар. 
Кенді жыныстардың құрылымдық ерекшеліктері және олардың алтын 
кон центрациясына әсері сипатталған. Кенді аймақтарда алтынның қайта 
бөлінуіндегі тектоникалық бұзылулардың, гидротермиялық процестер мен 
метаморфизмнің рөлі қарастырылады. Ресурстық базаны кеңейтуге бағыт-
талған геологиялық барлау жұмыстарын жүргізу бойынша нақты ұсыныстар 
берілген. Жаңа кен объектілерін болжауға болатын құрылымдық-геологиялық 
және геохимиялық талдау әдістері көрсетілген. Зерттелетін аумақ шегінде 
жаңа кен орындарын болжау және алынған мәліметтерді Қазақстанның басқа 
кенді аймақтарына қолдану мүмкіндігі мәселелері қарастырылған.

Зерттеу нәтижелері қара тақтатас кешендеріндегі алтын кен орындарын 
болжау және барлау үшін, сондай-ақ басқа аймақтардағы ұқсас құрылым-
дардың әлеуетін бағалау үшін маңызды теориялық және практикалық 
мәнге ие. Алынған мәліметтер алтын кен орындарының барлау және игеру 
стратегияларын оңтайландыру үшін пайдаланылуы мүмкін.

Түйін сөздер: Бақыршық, Бақыршық кенді аймағы, Қызыл ығысу аймағы, 
қара тақтатас қабаттары, алтын кен орындары.
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Аннотация. Бакыршыкский золоторудный район, расположенный в 
Восточном Казахстане, является одной из наиболее перспективных территорий 
для расширения запасов золота. В статье рассматриваются геологическое 
строение района и особенности Кызыловской зоны смятия как ключевого 
элемента рудоносной структуры. Особое внимание уделено месторождениям 
золота в черносланцевых толщах, включая типовое месторождение 
Бакыршык. Анализируются литогеохимические условия формирования 
золото-углеродисто-сульфидных руд, связанные с углеродистыми морскими 
формациями каменноугольного возраста, которые сыграли важную роль в 
процессах рудообразования.

Выделены перспективные зоны рудной локализации, включая 
Бакыршыкское рудное поле, содержащее как крупные месторождения 
(Бакыршык, Большевик), так и мелкие и средние объекты (Шолабай, Холодный 
Ключ, Промежуточное, Голубой Лог, Сарбас). Описаны структурные 
особенности рудовмещающих пород и их влияние на концентрацию золота. 
Рассматривается роль тектонических нарушений, гидротермальных процессов 
и метаморфизма в перераспределении золота в пределах рудоносных зон.

Приведены конкретные рекомендации по проведению геологоразведочных 
работ, направленных на расширение ресурсной базы. Указаны методы 
структурно-геологического и геохимического анализа, которые могут быть 
использованы для прогнозирования новых рудных объектов. Рассмотрены 
вопросы прогноза новых месторождений в пределах исследуемой территории 
и возможность применения полученных данных к другим рудоносным 
районам Казахстана.

Результаты исследования имеют важное теоретическое и практическое 
значение для прогнозирования и разведки месторождений золота в 
черносланцевых комплексах, а также для оценки потенциала аналогичных 
структур в других регионах. Полученные данные могут быть использованы для 
оптимизации стратегий разведки и освоения золоторудных месторождений.

Ключевые слова: Бакыршык, Бакыршыкский рудный район, Кызыловская 
зона смятия, черносланцевые толщи, месторождения золота.

Introduction. Gold is one of the key mineral resources playing an important 
role in the global economy. The necessity of conducting prospecting and geological 
exploration to expand gold reserves in Kazakhstan is evident.  Gold deposits in black 
shale formations are highly attractive in terms of resource potential. Gold deposits 
of the black shale type are localized in carbon-bearing sediments covering a wide 
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stratigraphic range from the Proterozoic to the Mesozoic-Cenozoic. More than 15 
giant and large deposits of this category have been recorded across Asia, with total 
resources exceeding 12,000 tons of gold. A significant portion of these deposits 
is concentrated in CIS countries, including Uzbekistan (Muruntau, Myutenbai), 
Kyrgyzstan (Kumtor, Taldybulak, etc.), Russia (Sukhoi Log, Natalka, Sovetskoye, 
etc.), and Kazakhstan (Bakyrchik, Bolshevik, etc.). All of these deposits are 
characterized as complex polygenetic formations.

The Bakyrchik gold ore district is located in Eastern Kazakhstan and is one of 
the promising areas for expanding gold reserves. Several zones have been identified 
here, including the Kyzylovskiy deformation zone, the Parallel zone, the Western 
Kalba Fault zone, and others (Figure 1).

This article examines the geological characteristics of the Kyzylovskiy 
deformation zone, the specific features of gold deposits in black shale formations 
using the Bakyrchik deposit as an example, as well as the prospects and specific 
recommendations for geological exploration aimed at expanding gold reserves in 
the Bakyrchik ore district (Zholtaev, 2024: 11; Marchenko, 2011: 9).

Materials and Methods
This study is based on a comprehensive analysis of geological, geophysical, and 

mineralogical data obtained from the Bakyrchik and Bolshevik deposits, as well as 
from the Bakyrchik ore district as a whole. Additionally, we utilized data provided 
by S.A. Stepanov. The recommendations regarding the exploration prospects were 
developed using his insights and data.

Ore-controlling Kyzylovskiy zone.
The large gold deposits Bakyrchik and Bolshevik are located within the 

Kyzylovskiy zone of the Western Kalba gold-bearing belt in Eastern Kazakhstan. 
Carboniferous carbonaceous-terrigenous marine formations play a significant 
role in their geological structure, serving as a lithogeochemical foundation for 
subsequent metamorphic processes that led to the formation of industrial gold-
carbon-sulfide deposits (Atlas of models of mineral deposits, 2004: 140; Gavrilov, 
1971: 7). The Kyzylovskaya ore-controlling thrust zone is conventionally divided 
into three sections from west to east: western section – Bolshevik deposit, including 
the Western Bolshevik, Chalobay, and Kholodny Klyuch sites; central section – 
Bakyrchik deposit, including the Central, Intermediate, and Glubokiy Log sites; 
eastern section – Sarbas deposit and the Carmen ore occurrences.
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Along the thrust zone, a unified Bakyrchik ore field is identified over a distance of 
15 km, encompassing similar-type deposits. In addition to Bakyrchik and Bolshevik, 
it includes small and medium-sized deposits such as Sholabay, Kholodny Klyuch, 
Promezhutochnoye, Goluboy Log, and Sarbas (Figure 1).

According to seismic exploration data, the Kyzylovskiy zone extends to a depth 
of up to 3 km from the surface (with a total dip depth of 5.0–5.5 km) and has an 
average dip angle of 35–40° to the north. The thickness of this zone at the surface 
varies from 15 to 30 meters and reaches up to 300 meters.  

Initially formed as a major splay fault of the Western Kalba deep fault (strike-
slip), this structure later underwent multiple tectonic transformations, resulting in 
the formation of a complex fault-related deformation zone. A characteristic feature 
of this zone is the presence of ductile deformations at its base and brittle dislocations 
in its upper part (Zhautikov, 1987: 448; Zhautikov, 1985: 6).

Overall, the Kyzylovskiy zone is characterized by a highly complex structure, 
with more than 70 ore bodies identified within its territory. Of these, 35 ore bodies 
have been explored to depths of 160–200 meters and up to 1,000–2,000 meters 
down-dip, with an average gold grade of 8–10 g/t.  

The largest ore body, No. 1 of the Bakyrchik deposit, extends 170 meters along 
the surface and reaches 200–500 meters at various depths without significant 
thickness reduction with increasing depth. This ore body has been traced down-dip 
to 700 meters. Its morphology is highly complex, featuring significant thickening in 
the central part and occasional pinching and branching at the flanks. The maximum 
ore body thickness reaches 32.8 meters (Umarbekova, 2021: 8).

The stratigraphic section of the Kyzylovskiy zone includes the Aganaktinskiy 
(C1s), Bukonskiy (C2), and Bakyrchikskiy (C3) formations, which formed within a 
residual, degrading marine and later continental sedimentary basin (Figure 2). 

 Figure 2 – Cross-section of the Kyzylovskiy 
zone

Bakyrchik black shale formation (C3); 
Bukon conglomerate-sandstone formation 

(C2m); Siltstone-sandstone formation 
members (C1S2–C2b): Upper pelite-siltstone 

member (b2), Middle siltstone-sandstone 
member (b1), Lower sandstone member (a); 

Aganakty siltstone-sandstone formation 
(C1S1); Opanov argillite-limestone formation 

(C1v); Karabay basalt-siliceous formation 
(D3fm2–C1t)
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Carbonaceous-terrigenous formations are located within a narrow trough, 
60–90 km wide and extending over 750 km. The internal structure of this trough 
is characterized by complex folding, the extensive development of metamélange 
facies within the axial subzone, as well as olistostrome facies and thrust-nappe 
dislocations associated with the late-collisional stage (C2-P1) of the region’s 
evolution.  

The key features of the depositional conditions of carbonaceous-terrigenous 
formations that determine the gold-bearing profile of the region include:

1) The composition and structure of the Caledonian basement, represented 
by a melanocratic, locally sialitized complex of metamorphic oceanic crust. This 
contrasts with the neighboring Kalba-Narym and Zharma-Saur geoblocks of the 
Hercynides, which developed on continental crust.  

2) The ophiolitic composition of the underlying formations (O2-D3fm), 
predominantly consisting of spilite-diabase and limestone-siliceous sequences.  

3) The presence of volcano-terrigenous deposits directly beneath the 
carbonaceous-terrigenous sequences, containing a large number of gold-sulfide 
occurrences.  

4) The subsequent multiple transformations of petro- and ore-forming components 
of carbonaceous-terrigenous rocks due to diagenetic, dynamometamorphic, and 
magmatic processes, which contributed to the gradual conversion of initially mobile 
gold forms (ionic and colloidal) into native gold (Evgeny, 2017: 115).

The carbonaceous-terrigenous complex is dominated by coastal-marine molasse 
deposits (C1s-C2b) with a thickness ranging from 2,000 to 4,500 m. Based on carbon 
content (Corg = 0.3–2.1%), these rocks are classified as low-carbonaceous. Above 
this, the marine molasse transitions into a highly carbonaceous terrestrial formation, 
characterized by gray-colored argillaceous sandstones and fluviolacustrine high-
carbonaceous black shale lithofacies with dispersed organic matter of sapropelic 
and plant-detrital origin. The carbon content (Corg) in these formations varies from 
0.3–0.6% to 14.5%, with an average of 0.96%.  

Lenses of anthraxolite, interlayers of coal, siderite-chamosite bog ore 
concretions, phosphatic nodules, and horizons and lenses of polymictic suspension 
flow deposits and collapse breccias with “pebbles” of black siltstones are widely 
distributed. In ore zones, carbonaceous material is present in the form of fine blind 
microveins, disseminations, and small nests. The fracture zones contain deformed 
and schistose rocks, as well as quartz-carbonaceous breccias enriched with gold-
bearing pyrite.  

These breccias contain monomineral segregations of carbonaceous matter 
identified as shungite (according to Marchenko L.G.). Specific facies of C1-3 
deposits enriched with syngenetic ore material are also present. These ores, along 
with carbonaceous-clayey aleuropelites, are frequently found in fragments of 
postsedimentary breccias. Under the influence of localized tectonic stress along 
faults, combined with late diagenetic and catagenetic rock transformations, these 
formations progressively acquired high mobility, undergoing general hydroplastic 



105

ISSN 2224-5278                                                                                                           2.2025

extrusion and layer flow. This process facilitated the solid-state transport of mineral 
substances, leading to the separation of gas-fluid components and the formation of 
ore-bearing metamorphogenic-hydrothermal systems (Zhautikov, 1985: 6).

The ore-generating energy capacity of carbonaceous-terrigenous sediments 
is determined by the presence of highly migratory organometallic compounds of 
carboxylic acids with heavy metal ions, which, during metamorphism, transition 
into hydrothermal solutions. Additionally, the heterogeneous layered internal 
structure of the sedimentary sequence, which includes both productive components 
and reservoir rocks, contributes to this process. This could explain the frequent 
localization of gold mineralization within layered (often rhythmically layered) 
carbonaceous-terrigenous sequences.  

At the Bakyrchik and Bolshevik deposits, the dominant gold phases are colloidal 
and ionic, while free native gold is predominantly present in a finely dispersed form. 
The highest concentrations of native gold are recorded at levels of 5–10 g/t in ores 
with dense disseminated and massive pyrite-arsenopyrite mineralization. These 
findings indicate that free native gold could have significant industrial value in the 
Bakyrchik deposit ores. However, according to rational analysis of a technological 
sample, the content of free amalgamable gold is only 0.14 g/t, representing 2.02% 
of the total gold content (with an average of 6.9 g/t) in the ores.

Native gold at the Bakyrchik deposit exhibits distinctive features, including a 
fine, spongy structure and crystalline (hollow crystal) formations, with gold grains 
measuring 30–50 microns. In addition to hundreds of small grains, there are also 
dozens reaching sizes of 1–2 mm.  

The metasomatic zonation of the Bakyrchik deposit is as follows. In the upper 
horizons, carbonaceous-kaolinite-hydromuscovite metasomatites are present, while 
carbonaceous-sericite alterations have a widespread, “pervasive” distribution, with 
the most intense development in the central part of the deposit. The lower level 
is characterized by a sericite-phlogopite-carbonate association with anorthite and 
tourmaline (Rafailovich, 2009: 7). Carbonate accumulations (breunnerite, ankerite, 
dolomite) are associated with quartz, native gold, chalcopyrite, and scheelite in 
deeper horizons. Albite and albite-chlorite alterations (10–20%) occur along 
fracture zones, extending for hundreds of meters, and are widespread in the supra-
ore and upper ore zones. Fine-veined albite-chlorite mineralization is associated 
with supra-ore migration halos of carbonaceous material, serving as an indicator of 
“hidden” mineralization.  

The deposit hosts at least 35 ore minerals (Gavrilov, 1971: 7; Zhautikov, 
1987: 448), which form five paragenetic associations:  Early: Melnikovite-pyrite-
pyrrhotite-marcasite (with niccolite and pentlandite); Ore-forming: Gold-pyrite-
arsenopyrite (with cubanite and gersdorffite), gold-quartz-polymetallic (with 
sulfosalts, chalcopyrite, galena, sphalerite), and gold-quartz-carbonate-scheelite-
chalcopyrite (with breunnerite, dolomite, aikinite, and native gold); Late: Quartz-
carbonate-stibnite-tetrahedrite (with marcasite and remobilized gold).  

The gold-pyrite-arsenopyrite association has a “pervasive” distribution 
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throughout the deposit. At greater depths, the melnikovite-pyrite-pyrrhotite-
marcasite and gold-quartz-carbonate-scheelite-chalcopyrite associations are 
dominant, whereas the gold-quartz-polymetallic and quartz-carbonate-stibnite-
tetrahedrite associations are more common in the middle and upper horizons.  

More than 90% of the total sulfide mass and gold balance is concentrated in 
disseminated and vein-disseminated gold-pyrite-arsenopyrite mineralization. In 
the upper horizons, pyrite dominates over arsenopyrite, occurring 3.5 times more 
frequently. However, in the middle and deeper horizons, the reverse pattern is 
observed, with pyrite being subordinate (ratio 1:3). Iron disulfide (FeS₂) forms 
aggregate accumulations as well as crystals of various morphologies, including 
globular, cubic, pentagonal dodecahedral, and cuboctahedral shapes (Shao, 1982: 10).

Gold is concentrated in pyrite and arsenopyrite. The highest gold concentration 
in pyrite is observed in the upper part of the main ore zone, whereas in arsenopyrite, 
it is found in the lower part of the main zone and the root zones. 

Small ore bodies located on the flanks (e.g., Promezhutochnoe, Glubokiy Log, 
and others) are characterized by a simple elemental composition and reduced 
zonality. V.A. Narseyev and his co-authors (Narseev, 2001: 174) note that studies of 
ore zonality at Bakyrchik indicate low gradients in ore properties and mineralization 
with depth. These findings strongly suggest a significant extent of mineralization, 
reaching 2.5–3 km. This is further supported by the gold fineness gradient (5% per 
100 m), vertical geochemical zonation (VGZ), and the thermoelectromotive force 
(TEMF) of pyrites and arsenopyrites. 

During the sedimentogenic sedimentary-diagenetic stage, gold, along with 
associated nickel and cobalt, was extracted by juvenile fluids from ultramafic 
rocks of the oceanic basement and serpentinite protrusion zones during periods 
of tectonic activation. The mobilized gold precipitated in a mud-rich environment 
of shallow-water basins and submarine deltas, characterized by high organic 
matter content and hydrogen sulfide. Globular-framboidal pyrite inclusions and 
veinlets developed, leading to the formation of rhythmically layered gold-bearing 
carbonaceous-clay and carbonaceous-aleurolite-pelite sediments during diagenesis. 
The carbon isotope composition of these rhythmites (δ¹³C = -14 to -31 ‰) indicates 
a biogenic origin (Zairi, 1987: 7).  

Gold remobilization and migration occurred in the form of hydrosulfide 
complexes Au(HS)₂, under diagenetic conditions in a weakly alkaline environment 
at temperatures ranging from 100–150°C. 

The highest amount of native gold has been recorded in densely disseminated 
and massive pyrite-arsenopyrite ores.  

Under high-temperature conditions of zeolite and chlorite-sericite metamorphic 
facies, along with cleavage flow of rocks, dehydration of epizonal carbonaceous-
terrigenous sediments occurred. This process led to the extraction of gold in 
the form of chloride complexes AuCl₂ and the formation of hydrothermal-
metamorphogenic solutions, which circulated through highly fluid-permeable 
ductile faults (Umarbekova, 2017: 7).  
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Considering its explored reserves and potential for further development, the 
Bakyrchik deposit represents a site of significant interest from a microbiological 
perspective, especially in the context of ore beneficiation via bioleaching.  

Bakyrchik ores are also valuable as a potential source of platinum group metals 
(PGMs). Studies conducted by researchers from Tomsk Polytechnic University 
(Korobeinikov) have shown that sulfide-rich aleurolites and aleurosandstones 
contain metals such as platinum (Pt) and osmium (Os) at levels reaching the first 
grams per ton (g/t). In vein-disseminated pyrite-arsenopyrite ores of Bakyrchik, PGM 
concentrations reach up to 1.0 g/t, while platinum content in gold ores averages 0.4 
g/t. Platinum accumulation occurs in gravity and flotation concentrates, necessitating 
further research to assess the reproducibility of PGM concentrations and to deepen 
the study of their occurrence forms (Antonov, 2012: 152; Kovalev, 2014: 12).  

The Bolshevik deposit is located 5 km west of the Bakyrchik deposit and is 
part of the Bakyrchik ore district. The northwestern section, associated with the 
West Kalba Fault, is referred to as Western Bolshevik. To the southeast and west 
of the known ore bodies, similar deposits are likely to be found, but geological 
exploration in these areas has been minimal. Sparse drill holes have recorded gold 
grades of up to 50 g/t.

Results and Discussion
It is recommended to conduct a geochemical survey across the Bakyrchik ore 

field. However, traditional surveys based on secondary dispersion halos are likely 
to be ineffective due to significant anthropogenic contamination in the area. At 
this stage, geochemical exploration should focus on primary dispersion halos, 
employing active drilling methods such as hydraulic core transport, pneumatic 
drilling, and auger drilling. Drilling should be conducted along known fault lines.

Special attention should be paid to the valley of the Kyzyl-Su River, where the 
West Kalba fault and the western continuation of the Kyzylovskiy deformation 
zone intersect. The valley is filled with Neogene clays up to 30–70 meters thick in 
the area of the Bolshevik deposit. In such conditions, hydraulic core transport is the 
most effective drilling method. Gold-bearing alluvial gravels are often encountered 
beneath the clays and should be sampled for heavy mineral (placer) gold.

In the Kyzyl-Su valley, under the Neogene clays, ore bodies typically lack 
oxidation zones, and oxidized ores are not expected in this area. However, oxidized 
gold-bearing ores may be encountered where ore bodies emerge on the elevated 
right bank of the river.

Ore-controlling structures consist of multiple faults and fractures with diverse 
orientations and planes. Therefore, exploration should aim to identify potential 
extensions of ore bodies in various spatial directions, accounting for all possible 
structural disruptions.

The Sarbas deposit is located on the eastern flank of the Kyzylovskiy deformation 
zone, beyond its intersection with the Northwest fault. The presence of this deposit 
confirms the eastward continuation of the Kyzylovskiy zone, justifying further 
exploration in that direction.
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The Northwest fault zone is considered highly prospective for oxidized gold-
bearing ores, especially south of the Kyzylovskiy zone. The fault comprises 
a series of quartz veins with mineralized selvages. These veins, including Vein 
31, Kapitalnaya, and the Sviryepaya and Berbaly series, are hosted in subparallel 
northwest-trending fractures. Vein thickness ranges from 0.3 to 1.5 meters, with 
mineralized selvages extending 1–2 meters on each side, resulting in total ore body 
widths of 1 to 6 meters. Oxidized ores in this area contain average gold grades of 
around 2 g/t. These veins were partially mined by artisanal cooperatives during the 
1940s–50s to shallow depths (5–10 m), targeting ore with grades exceeding 5 g/t. 
The southern portion of the Northwest fault stretches over approximately 5 km and 
warrants comprehensive exploration along its full length. This could potentially 
increase oxidized ore reserves, supporting mid-scale mining operations for 10–15 
years. Heap leaching is recommended for ore processing.

Southwest of the southern segment of the Northwest fault lies a partially 
exploited and currently mothballed site called Lest. Its future potential should be 
re-evaluated.

The West Kalba fault zone is largely overlain by Neogene clays 30–70 meters 
thick, beneath which primary sulfide ores begin immediately. Therefore, substantial 
additions to oxidized ore reserves are unlikely in this zone. However, oxidized ores 
have been observed on the right bank of the Kyzyl-Su River and at the Kara-Shoky 
deposit. The potential for discovering sulfide ores remains high, as exemplified 
by the Central Kostobe deposit, where drilling has traced five parallel ore bodies 
continuously over a 4-km strike length. A similar pattern is observed at Kara-Shoky, 
and the intervening 30-km area between these deposits remains underexplored. The 
Zapadny Bolshevik deposit is only partially explored. In the West Kalba fault zone, 
many deposits are not fully delineated along strike and dip. The ore bodies here are 
comparable in thickness and grade to those at Bakyrchik. Given that the West Kalba 
fault is twice as long as the Kyzylovskiy zone, it is reasonable to assume it may 
contain twice the amount of gold reserves.

Conclusion
In conclusion, the projected resources of oxidized ores in the Northwest fault 

zone and Kyzylovskiy deformation zone, as well as the forecasted resources of 
sulfide ores in the West Kalba and Northwest fault zones, along with the potential 
for buried gold placers in the Kyzyl-Su valley, represent highly promising targets 
for resource expansion within the Bakyrchik ore district.
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