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GEODYNAMICS AND METALLOGENY OF ZHONGARO-BALKASH TERRAIN 
FROM THE POSITIONS OF ISOTOPE GEOLOGY

1здеу критерилер1 мен металлогенияльщ болжаудьщ 
жана принциптерш , олардьщ геодинамикалык жара- 
лу жагдайларынын Ka3ipri тандагы гылыми позициясы 
тужырымдамасын, кещц магманьщ жаралу терецдш мен 
курам ы бойынша классификациясын, геологиялык жэне кещц 
объектшердщ жасын аныктауга мумкшдйс беретш Орталык 
Казакстан ушш алгаш рет U-Pb жэне Sm-Nd изотопты 
мэл1меттер базасы жасалды.

Есептеу балансы непзше l44Nd/l43Nd жэне l47Sm/ 144Nd жер 
бетшде кептеп таралган, магмалык тау жыныстардагы, манти- 
ядан жер кыртысына жылу-массатасымалдау формасында узак 
(ондаган жэне жуздеген миллион жылдар) езара эрекеттесу 
нэтижесшде пайда болган жер койнауындагы айтарлыктай 
мантиялык, сиалитикалык жэне аралык курамдардагы эртурл1 
терещнкгеп тау жыныстар блоктарын белу MyMK'iH.airi пайда 
болды. Ka3ipri тандагы терминологияда аралык блоктар 
амальгамиралык, бурынгысы -  ассимилиралык деп атала- 
ды. Мыс-алтынкевдп металлогения мен мафигпк блоктар, 
барит-полиметалды жэне сиалитикалык арасындагы тыгыз 
KeHicTiicriK байланыс олардьщ генетикалык жакындыгы жай- 
ында корытынды жасауга мумкшдйс бередт CoHffai кездерде 
Тыныкмухит жиепндеп вулканды белдеулерде басым коп 
6eniri мыс-порфирлц алтын-мыс-порфирл1 жэне мыс-скарнды 
кенорындарымен байланысты адакит атты магмалык тау- 
жыныстар тобы аныкталды. Вулканды белдеулерге уксас 
осы тау жыныстар тобы алгаш рет казакстандык кещц 
аймагындагы мыc-пopфиpлi жэне осы минерализация тиши 
болжаудагы спецификалык сен1мд1 магмалык 1здеу нышаны 
орнына карастырылатын Орталык Казакстанда типоморфты 
магмалык тур ретшде аныкталды. Адакиттердщ 6ipereiiniri 
-  олардыц 100 км-ден терен, 600- 1200°С температура 
диапазонында, субдукцияланган мухит тактасы мен Жердщ 
литосфералык жэне астенолигпк сфераларынын контакт 
байланысында калыптасады.

Tipex свздер: сиалитикалык кыртыс, литосфералы 
жэне астеносфералы мантия, изотоптык булар, терецдш 
геодинамикалык модельдер, сиалитикалык кыртыстын 
амальгамациясы, адакиттер, мыс-порфирл1 кенорындар, ат у  
кри герилерк металлогениялык болжам.

For the first time ever in Central Kazakhstan the U-Pb and 
Sm-Nd base was created for isotope data, allowing establishing the 
age of geological and ore subjects, to classify them in composition 
and depth of origin of ore-bearing magmas formulate from modem 
scientific positions the geodynamic conditions of its formation, 
searching criteria and new principles of metallogenic forecast.

Based on the estimated balances 144Nd/143Nd and 147Sm/ l44Nd 
in magmatic rocks, developed on the surface, extraction into 
subsoils on different depths blocks of rocks significantly mantle, 
sialic and intermediate compounds, appeared as the result of 
long (dozens and hundreds of millions of years) interaction in 
the form of heat and mass transfer from the mantle into the crust, 
now it has become possible. In modem terminology the interbed- 
ded blocks are called amalgamable, earlier - assimilated. Tight

stereoscopic connection of copper-gold ore metallogeny with 
mafite blocks, barium sulphide -polymetallic with sialic allow to 
come to conclusion about its genetic affinity. Lately in volcanic 
belts of Pacific margins of magmatic of the group -  adakites were 
established which are connected with the significant majority of 
copper- porphyritic, gold-copper- porphyritic and copper-skam 
deposits. According to analogy to volcanic belts, this group of 
refuse stones firstly was highlighted in Central Kazakhstan in the 
way of typomorphic magmatic type, developed on Kazakhstani 
ore fields of copper- porphyritic ore, and it is considered as the 
specific reliable prospecting magmatic feature in the forecast 
of this mineralization type. The unique aspect of adakit is in its 
formations at the depth of more than 100 km in temperature range 
600-1200°C on contact with the sub ducting oceanic lithospheric 
plates and spheres asthenolith of Earth.

Keywords: sialic crust, lithospheric and asthenosphere mantle, I 
isotopic flaws, hypo gene geodynamical models, amalgamation of 
sialic cmst, adakit, copper-porphyry deposits, exploratory criteria, 
metallogenic forecast.

Впервые для Центрального Казахстана создана база U-Pb 
и Sm-Nd изотопных данных, позволяющая установить возраст 
геологических и рудных объектов, классифицировать их по 
составу и глубине зарождения рудоносных магм, сформули- I 
ровать с современных научных позиций геодинамические I 
условия их зарождения, поисковые критерии и новые прин­
ципы металлогенического прогноза.

На основе расчетных балансов 144Nd/143Nd и 147Sm/ 144Nd 
в магматических породах, развитых на поверхности, стало 
возможным выделение в недрах на разных глубинах блоков 
пород существенно мантийного, сиалического и промежу­
точного составов, образовавшихся в результате длительного 
(десятки и сотни миллионов лет) взаимодействия в форме 
тепло-массопереноса из мантии в земную кору. В совре­
менной терминологии промежуточные блоки называются 
амальгамированными, ранее ассимилированными. Тесная 
пространственная связь медно-золоторудной металлогении 
с мафитовыми блоками, барит-полиметаллической с сиали- 
ческими позволяет сделать вывод о их генетическом родстве.
В последнее время в вулканических поясах Тихоокеанского 
обрамления установлены магматические породы группы ада- 
китов, с которыми связано подавляющее большинство медно­
порфировых, золото-медно-порфировых и медно-скарновых 
месторождений. По аналогии с вулканическими поясами эта 
группа пород впервые выделена и в Центральном Казахстане 
в качестве типоморфного магматического вида, развитого 
на казахстанских рудных полях медно-порфировых руд, и 
рассматривается как специфический надежный поисковый 
магматический признак в прогнозе этого типа минерализации. 
Уникальность адакитов заключается в том, что они формиру­
ются на глубинах более 100 км при температуре 600-1200°С 
на контакте субдуцирующей океанской плиты с литосферной 
и астенолитовой сферами Земли.

Ключевые слова: сиалическая кора, литосферная и асте-
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and depth of origin of ore-bearing magmas formulate from modem 
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searching criteria and new principles of metallogenic forecast.
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deposits. According to analogy to volcanic belts, this group of 
refuse stones firstly was highlighted in Central Kazakhstan in the 
way of typomorphic magmatic type, developed on Kazakhstani 
ore fields of copper- porphyritic ore, and it is considered as the 
specific reliable prospecting magmatic feature in the forecast 
of this mineralization type. The unique aspect of adakit is in its 
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(десятки и сотни миллионов лет) взаимодействия в форме 
тепло-массопереноса из мантии в земную кору. В совре­
менной терминологии промежуточные блоки называются 
амальгамированными, ранее ассимилированными. Тесная 
пространственная связь медно-золоторудной металлогении 
с мафитовыми блоками, барит-полиметаллической с сиали- 
ческими позволяет сделать вывод о их генетическом родстве. 
В последнее время в вулканических поясах Тихоокеанского 
обрамления установлены магматические породы группы ада- 
китов, с которыми связано подавляющее большинство медно­
порфировых, золото-медно-порфировых и медно-скарновых 
месторождений. По аналогии с вулканическими поясами эта 
группа пород впервые выделена и в Центральном Казахстане 
в качестве типоморфного магматического вида, развитого 
на казахстанских рудных полях медно-порфировых руд, и 
рассматривается как специфический надежный поисковый 
магматический признак в прогнозе этого типа минерализации. 
Уникальность адакитов заключается в том, что они формиру­
ются на глубинах более 100 км при температуре 600-1200°С 
на контакте субдуцирующей океанской плиты с литосферной 
и астенолитовой сферами Земли.

Ключевые слова: сиалическая кора, литосферная и асте-
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а |  мантия, изотопные пары, глубинные геодинами- 
:ели, амальгамация сиалической коры, адакиты, 

г фировые месторождения, поисковые критерии, 
-нический прогноз.
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они формиру- 
эе 600-1200°С 
:литосферной
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■ • id net ion. As it is known, prognostic-metallo- 
f e  . - ’ ..dies are being done to identification of mecha- 
ть- n localization and forming deposits in time 
a . oace, extracting areas and districts, which are 
i  ‘ ..::ve for defining the industrial mineralization. 
Tzi. ~ al objective of these studies is replenishment 
it eral and raw base, defining the new industrial 
a ; _ cnetic types of deposits.

Analyzing the modem position of metallogenic 
'■ .. ast in Kazakhstan, its unsatisfied condition should
*  - e ntioned. This is due to the fact, that it is based 
a : is based on geographical demarcation of territory 
*-. rding to geological and metallogenic properties
*  ■ - •' .irate fragments of these regions -  structural and 
i  ' uonal zones. Such zones are extracted and in 
Э . - .nt time, basically, according to data of surficial 
ere gy. Along with it, metallogenic load, developed 
■c e surface, had been creating by means of non-stop 
'.  rmance of endogenous deep processes of Earth, 
-■: and in order to understand it, it is necessary to 
«: ~ and set the connection of deep magmatic and 
z dynamic processes, which were previous to forma-
*  n of this load.

In world science, the effective method is used in 
-cr to study the hypogene parts of lithosphere and

■ . nnections with endogenous ore objects - isotope- 
.. chemical analysis. In Kazakhstan, because there is
■ corresponding analytical equipment, trained staff, 

. usage of this method nowadays is possible only by 

. -ns of publications made by foreign scientists, hav- 
r the work experience in Kazakhstan and studied the

- nples of Kazakhstani ore. This present article is the 
..  "eralization of isotopic copyright data and obtained
• m the foreign publications. It allowed drawing out 
. principally new geodynamic, magmatic and metal- 
genic criteria for Kazakhstan.
Briefscientific basement o f isotope analysis. This

■ 'esent article is based on the results of studying the
topes Sm-Nd. Studying these isotopes in magmatic 

res allows to define its origin and metallogenic spe- 
. iization, when magmatic melt left its substance.

The primary primitive mantle of Earth It is formed 
: a space nebula and dust, chondrite meteorites and 

asteroids approximately 4,6 billion years ago. At that
- e it was formed, and a single primary Nd isotopic 
~i ervoir, which had got the name of CHUR model,

ndritic uniform reservoir). The modem attitude to
* : ” Nd in it is 0,512638, and the modem attitude

to 147Sm/144Nd in CHUR = 0,1967. It allows to define 
the attitude to l43Nd/144Nd in CHUR in any other time 
(t) и to calculate the model age of extraction of this ore 
sample out of mantle chamber and other parameters. 
Such kind of the procedure sets the objective to cal­
culate when in CHUR there was the same отношение 
143Nd/l44Nd and l47Sm/l44Nd, as in studied samples, tak­
en from crust. Because the numerical ratio l47Sm/l44Nd 
are very small, the new symbol epsilon (e) was used, 
which is 104 times more than any from l43Nd/l44-Nd at­
titudes. The positive sign e demonstrates that the breed 
originated from the residual reservoir phases CHUR 
after deleting magma from it in earlier period, from 
depletion mantle. Negative symbol demonstrates that 
rocks happened from the source, before assimilation 
or amalgamation of crustal rocks. Approximately 2,8 
billion years ago, congeneric reservoir had partial melt­
ing. It caused the formation of the area with left solid 
remains - exhausted, or, depletory mantle, exhausted 
sources, which had the epsilon +2 and up to + 5 (Figure 
1) and areas, representing the concentration of sialic 
material, chondrite recovered from the reservoir when 
this depletion (springs enriched or enriched mantle) 
and having the meaning «е» - 1 and down to -17 and 
less. Approximately at this time there were ancient 
cratons, and based on this there was an idea proposed 
that the top part of the primitive isotropic mantle 
was depletion (the modem lithospheric mantle), and 
separated from her lithophilic elements formed the 
Earth crust. As our studies show, in subsoils of Zhon- 
gar -  Balkash terrain there are blocks and fragments 
of different content and origin, which are in charge of 
this or that metallogeny.

Geographical demarcation o f  subsoils o f  Zhon- 
gar-Balkash terrain and other regions o f  Central 
Kazakhstan. Analysis of literature data of German, 
Russian and Chinese scientists for the period of 2000 
-2016 allowed to create the bank of data Sm-Nd dates 
at the territory of Zhongaro-Balkash terrain and to 
emphasize three types of mega-blocks crust and mantle 
(Figure 1), each was responsible for metallogenic 
specialization of this territory.

The explanation was obtained even regarding the 
cases of contrast metallogeny, when on one district at 
one age level or even the regional zone It appeared next 
to rare metal and copper deposits, and rare metal de­
posits of polymetallic profile. In addition, on one level 
ore Permian proved rare metal and gold, previously 
considered incompatible. Based on the map of actual 
material (Figure 2, upper map map, the numbers near 
the digit columns are the same as numbers of source 
in list of literature [1-13]) hypogene demarcation of
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Figure 1 -  eNd(t) -  T (DM) diagram for magmatic rocks of 
deposits of Junggar -Balkhash terrain and Central Kazakhstan 
1- copper-porphyry deposits of Junggar-Balkhash terrain, as well 
as Nurkazghan and Bozshakol deposits o f Central Kazakhstan;
2 -  volcanic and intrusive rocks of central part of Shingiz terrain;
3 -  magmatic rocks of rare metal deposits of Junggar-Balkhash 
terrain in relation with amalgamed encient upper crust of craton- 
type ; 4 -  outcropped upper crust o f craton type on surface

Zhongaro-Balkash terrain was performed (Figure 2, 
lower map) from the surface until the borders of Mok- 
horovichich (deviding the Earth’s crust from upper 
mantle). Once again, it is surely shown; that the surface 
metallogeny is exactly something like the reflection 
of discreteness deep subsurface and complicated deep 
geodynamic processes, in which energetics is regulated 
by the core and mantle of the Earth.

Figure 2 demonstrates that the central part of ter­
rain is occupied by the area of distribution of mafite 
ores mainly of mantle consistence (exhausted source). 
On the surface seven copper-porphyritic are associated 
with it, one copper -nickel, one copper-skam and a 
few gold ore deposits. Before this area was outlined 
according to the geophysical methods as gravity 
anomaly called Balkhash asthenolith. Even though 
the real content and age of paradox stayed unclear. 
Now based on isotope analysis it was clear, that it 
was the fragment of depletion mantle (exhausted in 
accordance lithophilic elements in source), the same 
as in axial part of Shingiz ridge (Figure 3), where a 
few copper-sulphide and one copper-porphyry deposit 
are concentrated, and under ore fields Nurkazgan and 
Bozshakol (Figure 3 1 The geology of all mentioned

copper-porphyry deposits agrees with the conclusions 
of the relations w ith ore-magmatic systems with deep 
source, enriched mantle component. The indicator is 
dominating in consistence ore-magmatic systems of 
dioritoid: greenstone, tonalite, quartz diorite, trond- 
hjemites-sodic and potassium granodiorite, andesine 
and dacitic. especially high-magnesia. This group of 
ores is outlined in petrology in recent decades into 
special group of adakites, which has its special geo­
dynamic meaning. The name is given to dominating 
group in copper-porphyry deposits and as part of su- 
prasubduction magmatism Adak Island in the Aleutian 
arc. Later it was proved that adakites are present in all 
island arcs of western frame of Pacific Ocean.

Formation of adakites, conceivably, is due to the 
oceanic crust submerged in the form of subduction 
“slab” plate to the depth around 100 km at the tempera­
ture approximately 1000 degrees from oceanic basalts, 
transformed the deep metamorphism in amphibolite 
and eclogite with a low content of metasedimentary 
rocks and with participation of mantle surrounding 
areas. Deep geodynamics adakit magmatism and its 
association with calc-alkaline magmatism and high- 
niobium basalts are shown in Figure 4 [15].

The main peculiarity of adakites according to [16- 
18] are shown below

Main characteristics o f  adakits
High content:
1) Si02>56% : A1,0,>15%
2) It could be obtained by partial melting of 

eclogite or gametiferous amphibolite with the pressure 
2,5-3 GPa at the depth of 70-100 km

Low content:
Y -  It indicates the presence of garnet, amphibole 

and pyroxene in source;
Yb -  It indicates the presence of a residual phase 

garnet;
Nb,Ta It indicates the presence of titan magnetite 

and amphibole in source;
heavy rare lands TR - the presence of garnet in 

source
High content:
Sr - It indicates a complete melting of plagioclase 

and its absence (plagioclase) in the residue;
low melting degree of substance with formation of 

basalts N -  MORB.
The most significant characteristic feature- sig­

nificantly different from typical island arc andesite 
and dacite, reflects the high content Sr in case of 
low content o f Y. Presence of adakite magmatism in 
copper-porphyry deposits of Kazakhstan is shown 
[5] in figure 5.
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Map of isotopic data

Map of geodynamic zonality

r  ,  j e  2 -  Junggar-Balkhash terrain: A -  map of isotopic data 
= • Map of geodynamic zonality Legend on lower part of the 

%  re is presented for map of geodynamic zonality only: : 1 - 
' Si-Al crust covered by Paleozoic complexes; 2 -  the same, 

• pped on surface; 3 -  amalgamered upper crust by mantle 
-  . i  magmas; 4 -  lower maphic crust with large maphic com-

E
-ee fig. 1; 5 -  fragments of Itmurundy ophiolite belt on 
Explanation of map of isotopic data on fig 2 see in the 
Littion information about of methods of using Sm-Nd 
• -:em in geology see in [14]

■ -ation of the ore-bearing rocks copper- 
;• ::tic deposits of Kazakhstan to petrographic 
of adakit out of the borders of Zhongaro-Balkash 

- г рейна is proved also on deposits such as Nurka- 
r -n and Bozshakol [12, 13], which correlates with 
:a in Figure 1 and 2. All constructions are done in 

. .cordance with recommendations of monography by 
For «Basis of isotope geology» [14]. 
Southwestern part of terrain (indicated as 1 and 2 
egend of the lower map of Figure 2) is occupied 

. tent sialic median massif. The separate fragments 
ne to the modem erosion part. Uranium-plumbic 
ng rocks (granite, rhyolite, porphyroids) show the 

- - .8; 2.8; 0.8 and 0.9 billion years [2, 3, 4]. Index 
: . in Figurere 1 is in the range of -2; -5, indicating 
' . .  :es belonging to the Early Proterozoic or to the 

-  . Archean cratons. All mentioned data tells about

Geological position of the main 
copper-porphyry deposites in 

Central Kazakhstan

(fragment of geological map 
of Kazakhstan)
1 :1 000 000 sc.

Figure 3 -  Position of ancient blocks with prevail mantle 
component in deep horisons in Eastern Kazakhstan and copper- 
porphyry deposits over them on surface

Paieotrogh Arc Zamboanga Celebes

Paieotrogh Adakites

SUlU

Figure 4 -  Geodynamic models of adakit magmatism and co­
existing with him arc- magmatism and high Nb basalt: from [18]
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Figure 5 -  Some geochemical differences between 
adakite and arc magmatic rocks of Jounggar -Balkhash 
terrain : (a+ b -  deposits: Qonyrat, Borly and Sayak);

(b deposit Aktogai)
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Figure 6 -  Sample of partially amallgamazed Si-Al crust 
by mantle component.

Upper Si-Al 
crust

Lower Si-Mg
crust

Figure 7 -  High potash magmatism and lithophylic ore miner­
alization in Zhailma ore field (black) and in Aktau-Mointin 
middle massif (red) as proofs of Si-Al crust, existed by mantle 
component/ is wide spread in S-W part of Junggar-Balkhash 
terrein. See text

Figure 8 -  Geodynamic model of Zhailma ore-magmatic 
system D2

such fact that in structure of terrain its western flange 
takes the position of top sialic crust, overlapped by 
Paleozoic accretionary complexes and Cenozoic 
formations. During the current 2015 year, it was em­
phasized that the same crust, or, its fragments, which 
are present on Northeast flange of terrain. So as the 
result of sample selection of leucocratic granites of 
small bodies in Prichingize for comparison with leu­
cocratic granites of Sayak ore district [5], unexpected 
results were obtained (spot №5 on the map of actual 
material of Picture.2): eNd = - 7,8; T(DM) =1,7 Va. The 
same indicators have spots 2 and 3 in South-Western 
part of terrain in boundary region with China (Figure 
e 2). To define the distribution scale of cratonal crust 
in Prichingize is impossible because of poor number 
of isotopic data. However, new data [5] allow to sup­
pose that Plate craton crust was on the whole or on the 
biggest part of terrain area, but how and when in the 
center there was large fragment of mafite crust: such 
versions are possible: 1) sialic crust in some period of 
history in this district actually it was absent and now 
we have erosional window of bottom of Paleo Asian 
ocean [19]. It can be indicated by Itmurundinsk me-
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- -. in which there are rocks, typical oceanic crust, 
i  and exhumed subduction complexes that were 
i  ~ ed with pressure of 14 kbar (paragenetic jade, 
<3—rtz and icy blue amphibole). Such paragenetic are 
i  ~.ed on the depth of 90-100 km in lithosphere [20].

- melange is being followed for a few thousand 
fan :n eastern direction from close to Balkash area to 
Z ngaria, in accordance with eastern bearing crust 
: ceanic type, which had the model age in range of
- -_T00 Ma; 2) something that is shown on Figure 
1 - demonstrated as mafite crust, can appear to be

'igment of lithospheric mantle, and asthenolith, 
elemented in tile-to-tile gap between sialic tile and

- ■.ospheric mantle. But both versions similarly ex-
■ -in the appearance of copper-gold ore specialization 
г metallogeny of central zone of Zhongar-Balkash 
. ~ain, and in particular by means of presence at the
- el of origin of mineralized mafic magmas material 

* :h high content of mantle component and increased 
. "ergy of mantle in this place.

The complex studying of magmatic ore on modem 
arface allows drawing conclusions about permanent 

and active interrelation of cmst and mantle and trans- 
^rmation of low horizons of sialic crust by mantle 

“rocesses, i.e. permanently flowed amalgamation sialic 
. rust with help of processes of heat and mass transfer 
nantle injections from deep horizons of mantle into 
sialic cmst.

As it is known, that space, which is occupied 
r.ow by Balkash Lake in late Carbon there was huge 
olcanic-plutonic stmcture, which had formed the 

rorangylykskiy volcanic-plutonic complex C3 (U/Pb 
-ge =305±2 Ma). The unique feature of explosive
■ >ck is an abundance of deep mafic xenolith, which 

as saved through quenching processes enclosing
viyolite matrix in subsurface and surface condi- 

ons. The following aspects were found and studied:
. arse and coarse-grained black and grey anortozite 
"d gabbro-anorthosite; medium- and coarse-grained 

--bbro; medium and coarse mtile basic granulites;
. dium- and coarse-grained pyroxenite; coarse mig- 

~ -tized granulite-gneiss. In addition to mafic rocks, 
.re are bytownit-hedenbergit-andradit skamoids and 
hen-grained spinel metapelites. Relic minerals in 

-trix high-K rhyolites before the grains of plagio- 
. ->e, clinopyroxenitic and orthopyroxene. As the 

- - It, the composition of the rock has very no equilib- 
" лп mineral composition (Figure 6). It fine-grained
- - irtz-K-feldspar matrix the described above micro 
v.-oliths and xenocrysts are placed very chaotically, 
.. ~.onstrating solid-phase mixing rhyolite magma 
■» h basit (mantle) component. As it would be shown

below, using this scheme assimilated districts were 
created in top of sialic cmst, shown in Figuree 2 (lower 
map). Correlation of top of sialic cmst and mantle was 
happening in history of terrain permanently. One of 
examples is volcanic complex, which is connected with 
mineralization of Atasu type in Zhailminskiy depres­
sion. Volcanites of shoshonit series, taking place in 
this volcanic complex about 30-40% of volume, have 
all the features of mixing mafic magmas with high-K 
silicic. In other words, they were forming according to 
the scheme, which was described regarding the sample 
in Figure 6. In Figuree 7 for diagram SiO, -  K ,0 there 
was more than 170 silicate analysis from work [21].

Volcanism was actively developing in this stmcture 
in range from middle till late devon including. Ac­
cording to amount of silica picrites rocks vary from 
rhyolites to ultra-acid and alkalinity - up from the 
low-K series shoshonite. In Picture 7 the position of 
spots of silicon analysis is shown on discrimination 
diagram K,0 -  SiO,. Diagram is constmcted Rickwood 
[22] summarizing of data from five previous authors 
of private geochemical collections: Peccerillo and 
Taylor (1976), Ewart (1982), Innocenti et al., (1982), 
Cart (1985), and Middlemost (1985). Applying to 
Zhailminsk depression 164 analysis of Y.A.Vasyukov 
and V.B. Boldyrev [21] were used with additional 
information from R.M.Antonyuk and I.V. Glukhan. 
Numbers in grey oval demonstrate the number of spots 
in series. Series limits are shown by linear circuits 
with light gray coloration. Its narrow width proves the 
high level of convergence of geochemical fields and 
its borders, defined by five different authors. From this 
diagram, there is the following conclusion:

1. Low-potassium tholeiitic series did not get the 
development, and it is rare and not connected spot 
belong, mostly, Caledonian base and Pz{ history.

2. Calci-alkalic series has short history of func­
tioning fractioning from basalt until andesite (Picture 
7) and it was not the main feature when forming the 
devon magmatism of Zhailminskiy ore region. Dur­
ing the formation of calc-alkaline line series there 
was no contribution of top crust, and small potassium 
alkaline condition appears to be the primary one and 
due to increased admixture of sediment material in 
subducting plate. The presence in selection of unique 
analysis of dacite and riolite with big gaps of fractional 
evolution demonstrates the absence of accumulating 
magma chamber and mechanism of fractional phase- 
separation primary magma before its implementation 
into top crust.

3. The high-potassic calci-alkalic and shoshonit
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ange, in which there are rocks, typical oceanic crust, 
also and exhumed subduction complexes that were 
formed with pressure of 14 kbar (paragenetic jade, 
.uartz and icy blue amphibole). Such paragenetic are 
formed on the depth o f90-100 km in lithosphere [20]. 
'h is melange is being followed for a few thousand
• m in eastern direction from close to Balkash area to 
,'hongaria, in accordance with eastern bearing crust
f oceanic type, which had the model age in range of 

-100-700 Ma; 2) something that is shown on Figure 
1 is demonstrated as mafite crust, can appear to be 
i  fragment of lithospheric mantle, and asthenolith, 
nplemented in tile-to-tile gap between sialic tile and 
thospheric mantle. But both versions similarly ex- 

- ain the appearance of copper-gold ore specialization 
■ metallogeny of central zone of Zhongar-Balkash 
.‘rrain, and in particular by means of presence at the 
. \ el of origin of mineralized mafic magmas material 

» :th high content of mantle component and increased 
.".ergy of mantle in this place.

The complex studying of magmatic ore on modem 
arface allows drawing conclusions about permanent 

-~d active interrelation of crust and mantle and trans- 
armation of low horizons of sialic crust by mantle 

-recesses, i.e. permanently flowed amalgamation sialic 
. rust with help of processes of heat and mass transfer 
mantle injections from deep horizons of mantle into 
Malic crust.

As it is known, that space, which is occupied 
-ow by Balkash Lake in late Carbon there was huge 
\olcanic-plutonic structure, which had formed the 
: rangy lykskiy volcanic-plutonic complex C3 (U/Pb 

-_e =305±2 Ma). The unique feature of explosive 
x k  is an abundance of deep mafic xenolith, which 
-as saved through quenching processes enclosing 

-ayolite matrix in subsurface and surface condi- 
r. ns. The following aspects were found and studied:
. arse and coarse-grained black and grey anortozite 
.r.d gabbro-anorthosite; medium- and coarse-grained 
.abbro; medium and coarse rutile basic granulites; 
- vdium- and coarse-grained pyroxenite; coarse mig- 

atized granulite-gneiss. In addition to mafic rocks, 
jre are bytownit-hedenbergit-andradit skamoids and 

nolten-grained spinel metapelites. Relic minerals in 
matrix high-K rhyolites before the grains of plagio- 
.'.ase, clinopyroxenitic and orthopyroxene. As the 
■ e s ult, the composition of the rock has very no equilib-
• ..m mineral composition (Figure 6). It fine-grained 
. -artz-K-feldspar matrix the described above micro
enoliths and xenocrysts are placed very chaotically, 

:. monstrating solid-phase mixing rhyolite magma 
:th basit (mantle) component. As it would be shown

below, using this scheme assimilated districts were 
created in top of sialic crust, shown in Figuree 2 (lower 
map). Correlation of top of sialic crust and mantle was 
happening in history of terrain permanently. One of 
examples is volcanic complex, which is connected with 
mineralization of Atasu type in Zhailminskiy depres­
sion. Volcanites of shoshonit series, taking place in 
this volcanic complex about 30-40% of volume, have 
all the features of mixing mafic magmas with high-K 
silicic. In other words, they were forming according to 
the scheme, which was described regarding the sample 
in Figure 6. In Figuree 7 for diagram SiO, -  K ,0 there 
was more than 170 silicate analysis from work [21].

Volcanism was actively developing in this structure 
in range from middle till late devon including. Ac­
cording to amount of silica picrites rocks vary from 
rhyolites to ultra-acid and alkalinity - up from the 
low-K series shoshonite. In Picture 7 the position of 
spots of silicon analysis is shown on discrimination 
diagram K,0 -  SiO,. Diagram is constructed Rickwood 
[22] summarizing of data from five previous authors 
of private geochemical collections: Peccerillo and 
Taylor (1976), Ewart (1982), Innocenti et al., (1982), 
Cart (1985), and Middlemost (1985). Applying to 
Zhailminsk depression 164 analysis of Y.A. Vasyukov 
and V.B. Boldyrev [21] were used with additional 
information from R.M.Antonyuk and I.V. Glukhan. 
Numbers in grey oval demonstrate the number of spots 
in series. Series limits are shown by linear circuits 
with light gray coloration. Its narrow width proves the 
high level of convergence of geochemical fields and 
its borders, defined by five different authors. From this 
diagram, there is the following conclusion:

1. Low-potassium tholeiitic series did not get the 
development, and it is rare and not connected spot 
belong, mostly, Caledonian base and Pz, history.

2. Calci-alkalic series has short history of func­
tioning fractioning from basalt until andesite (Picture 
7) and it was not the main feature when forming the 
devon magmatism of Zhailminskiy ore region. Dur­
ing the formation of calc-alkaline line series there 
was no contribution of top crust, and small potassium 
alkaline condition appears to be the primary one and 
due to increased admixture of sediment material in 
subducting plate. The presence in selection of unique 
analysis of dacite and riolite with big gaps of fractional 
evolution demonstrates the absence of accumulating 
magma chamber and mechanism of fractional phase- 
separation primary magma before its implementation 
into top crust.

3. The high-potassic calci-alkalic and shoshonit
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series, all together represent 75% of selection, are 
equally distributed acrosee the whole evolution chain 
from main ores to ultra-persilic, reflecting the full his­
tory of formating Zhailminsk ore-magmatic system. 
The primary magma was alkali basalt and picrites. Its 
small amount in region’s geology is evidence that it 
was energetic conductor of mantle heat-mass transfer, 
under the impact of which in sialic cruts deep mag­
matic part was formed. The mantle origin of basic 
fracture of these series it is proved by the presence of 
its high and increased content of Phosphorum (P20 5= 
=0,50-1,57%) and Titanium (Ti02 = 1,5 -  2,5 -  4,3%). 
The main (sialic) magma chamber, supplied the ore- 
magmatic system, was located in sialic crust. The 
evidence is that high-potassium composition volcanits 
of Zhailminsk depression and complete anaolgy of it 
with rocks volcanic complexes dated after altynsyn- 
gansk (925±9Ma) and urkendeusk (921 ±5 Ma), as 
well as intrusive uzunshalsk (917±6 Ma) complex of 
Aktau-Mointinsk middle massif (№4 on map of actual 
material in Figure 21). In Picture 7 spots of magmatic 
ores of Zhailminsk depression and Aktau-Mointinskiy 
Proterozoic massif are mainly in field of shoshonit 
series, demonstrating the unity of substances they had 
been melted of. It does not mean the complete identity 
of substances in these two regions, but Potassium spe­
cialization of magma is obvious in them. At the same 
time, ores of Zhailminsk depression, demonstrating the 
content of Potassium 7% and more leads to, perhaps, 
defining it like consequences of autometasomatic 
processes.

4. The connection of magmatic and metallogenic 
processes in all ore provinces appears very clearly. In 
Zhalminsk depression tracks of mantle metallogeny, 
as well as the tracks of mantle magmatism, are rather 
symbolic. In ore rocks there are no industrial concen­
trations of copper and gold, tracks of mantle proccesses 
were defined only in shape of highly mobile impurity 
of mercury in ores of the first stage in Zhairem and 
Bestyube deposits and rare barium-bras ores of Eastern 
Zhairem [21 ]. At this part of terrain based the content 
o f primary ancient crust is proved by the mentioned 
above petrochemical and metallogenic methods. The 
same features and the same condition of crust was in 
Devonian-Early Carboniferous to barite-polymetallic 
deposits of Akzhal (30 km to the south of Akchatau) 
and in ore field Tekeli (46 km to the east of Taldy- 
Korgan city), located in line of sialic Pre-Cambrian 
middle massif. The significant mantle trace in group 
of Middle Paleozoic barite-polymetallic deposits

had only Karagailinskoye deposit (22 km to the east 
of Karkaralinsk city). There according to archive data 
there was the industrial copper, allowing to get the 
small amount of copper concentrate in case of domi­
nating of Zinc, Plumb and barytic. Interconnectino 
of sialic crust and mantle was performed basically in 
shape of interventio of energetic (thermal) flows, and 
its conductors were breakthroughs dikes and small 
bodies of mantle sources in the crust (Picture 8).This 
process, many times repeated during millions and 
decades millions of years, had been creating in top 
crust the regions of shoshonit composition, which 
already had different relations of neodymium isotopes. 
Here it is necessary to remember the old expression 
of Escol, which said: «Give me one diabasic dyke 
and I will explain the whole metaphorism of Fen- 
noscandian Shield» It is, of course, audaciously, but 
understandbale applying to the Picture 5. Taking into 
consideration the location of the ore clusters of Atasu 
type on the surface of terrain, such inerventions were 
not ordered (for example, rift) character and more pos­
sible it had the structure of the chaotic heat spots. The 
model of heat spot, led to the formation of Zhailminsk 
ore-magmatic area is demonstated in the Picture 8. 
It also explains the origins of the enriched ores with 
Potassium of main and middle content in Picture 7 in 
sectors 37 and 38. Taking into consideration, in rare 
metal deposits of the Northern Pribalkash, located 
in line of middle crust type (Figure 1) dominate the 
deposits with molybdenite mantle component during 
the formation of top-crust magma chambers had place 
according to the model mentioned in figure 8.

Conclusion. The data mentioned in this article 
allowed defining the new geodynamic aspects in 
evolution of geological history in Central Kazakhstan 
and Zhongar-Balkash terrain, accompanying by the 
geodynamic and metallogenic models:

1. The subsoil resources of the region before form­
ing the main metallogenic belts in middle Paleozoic 
era they were stratified into blocks of different content, 
which further served as the source for creation of ore 
and magmatic systems, forming the content and struc­
ture of Paleozoic metallogenic belts.

1.2. The copper - porphyritic and copper-sulphide 
ore fields and deposits stereo metrically and genetically 
related with blocks of mafite, where mantle component 
is in majority (Figure 2, 3), since such blocks there is 
something different such as restite (fixed ash) depletion 
mantle, enriched by heavy elements, including copper 
and gold. In accordance to isotope indicators (Picture
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1) it was formed as the result of depletion was primitive 
mantle in the period of 0,4-1,2 billion years. Its content 
vas and it still is close to the content of asthenosphere 
mantle. From this we can observe the following main 
asks before the forecast-metallogenic works: de­
filed studying of magmatic formations, developed 
n the territory of Kazakhstan, isotope-geochemical 

methods, with the aim of clarifying the features of the 
-eep structure and allocation of mafic provinces in ac- 
. irdance with the mentioned in top part of the Picture 
. perspective deposits of copper-porphyritic type to 

■ e defined; the detailed petrological studying of ores 
n «mafite provinces » trying to distinguish out of the 
hole spectrum of magmatic ores of diorites, andesite, 

lacites with Adakit association, as it was proved by 
'.cans of conjugation copper- porphyry ores only with 
:em and there is no connection with the calc-alkaline 
cries.

1.3. Empirically the tight paragenetic connec­
tion of adakit magmatism with high-Mg basalts and 
-'.desite is established, enriched with Nb, having in
* orld literature the abbreviation NEB. This feature has

portant searching meaning, since there are island 
ires, for example Zamboanga arc in Pacific ocean 

-rgins (Picture 4), in which all these three types of 
igmatism tightly joined in space (Picture 4-c).
1.4. The mentioned features and criteria allow 

• aluating the perspectives of the regions. Only in case
of establishing of presence in the area of mafic rocks 
. a blocks of deep adakit association, it is possible to 
~ ve on to the searching for the traditional geophysi- 

methods. The difference is that copper-porphyritic 
'.eralization in accordance with adakit magmatism 

» as formed (decades and even hundreds millions of 
years), and traditional geophysical methods provide 
'  formation about modem structure of physical fields,
* ich is not adequate to ancient structures.

REERENCES

Heinhorst J., Lehmann B., Ermolov P., 2000. Paleo-
*  . crustal growth and metallogeny of Central Asia: evi- 
a . c from magmatic-hydrothermal ore systems of Central 
i  vhstan // Tectonophysics. 328. 69-87.

I Aiqin Hu, Bor-ming Jahn. Guoxin Zhang, Yibing 
C . Qianfeng/ Crustal evolution and Phanerozoic crustal 

:h in northen Xinjiang:Nd isotopic evidence. Part 1. 
bc< pic characterization of basement eochs, 2000 // Tec- 
* '  "hisics. 328. 15-51.

Alexeiev D.V., Ryazantsev A.V., Kroener A., Tretya- 
•c-. Ч.А., Xia X., Liu D.Y. Geochemical data and zircon

age for rocks in a high-pressure belt of Chu-Yili Mountains, 
southern Kazakhstan: implication for the earliest stages 
of accretion in Kazakhstan and the Tianshan, 2011. 42. 
805-820.

4. Tretiakov A.A., Degtiarev K.E., ShataginH K.H., 
KotovA.B., Salnikova Е.Б., Anisimova И.В. NewProtero- 
zoic anorthogenous rhyolite-granite volcanic-plutonic as­
sociation of Aktau- Mointy sialic-granite massive of Central 
Kazakhstan): age, origin and paleotectonic position. 2015. 
Petrology. V.23. 1. P.26-49.

5. Li G-М., Cao M., Qin K-Z., Hollings P., Evans N.J., 
Seitmuratova E.Yu., 2015. Petrogenesis of ore-forming 
and pre/post granitoids from the Kounrad, Borly and Sayak 
porphyry/scam Cu deposits, Central Kazakhstan. Gondwana 
Research, xxx xxx.

6. Ping Shen, Hongdi Panb, Eleonora Seitmuratovac, 
Sholpan Jakupovac U-Pb zircon, geochemical and Sr- 
Nd-Hf-O isotopic constraints on age and origin of the 
ore-bearing intrusions from the Nurkazgan porphyry Cu-Au 
deposit in Kazakhstan, 2015.

7. Shen Ping, Shen Yuanchao, Xiao Wenjiao. Geody­
namic setting and mineralization in Baogutu porphyry Cu- 
Mo-Au deposit, Western Junggar, China // Big Altai -  the 
unique rare metal-gold-polymetallic province of Central 
Asia. 2010. Almaty-Ust-Kamenogorsk. P. 114-115.

8. Kurchavov A.M.,Shatagin K.N. Age, jrigin and 
soce of ignimbrites of Aksoran and Korgantas of Toqrau 
depression of Central Kazakhstan: RB-Sr and Sm-Nd in­
vestigations, 2001. Geology and Prospecting of resources 
of Kazakstan, 2. P. 38-42.

9. Degtiarev К. E., Shatagin К. H., Ковач В. П., Tretia- 
kov A. A. The processes of forming and isotopic structure of 
continental crust of Caledonides of Shingis ridge (Eastern 
Kazakhstan), Geotectonics. 2015. N 6. P.20-50.

10. Tretiakov A.A., Degtiarev K.E., Kovach.n., Kotov 
Котов A.B., Salnikova Е.Б., Pilitcina A.B., Yakovleva C.3. 
migmatite -gneissic complex of Shu-Kendyctas Чуйско- 
Кендыктаского Si-Al massive сива (Othem KazakhstanH): 
constraction and explanation of age. 2016 Reports of Rus­
sian Academy of Sci ( in press).

11. Tretiakov A. A., Degtiarev K.E, SalnikovaE.B., 
Shatagin K. N., Kotov А. Б., Riazantsev A. B., Pilitsina 
A. B„ Eakovlevaa C. 3., Tolmacheva E. B., Plotkinaeu Yu 
. V.. Paleozoic Палеозойские unarogeouns granitoids of 
Zheltau Si—AL massive тссива (Othem Kazakhstan) 
//2016 Reports of Russian Academy of Sci.V. 466. N 2. 
P. 196-201.

12. Shen P, Pan H., Seitmuratova E., Jakupova Sh. U-Pb 
zircon, geochemical and Sr-Nd-Hf-O isotopic constraints 
on age and origin of the ore-bearing intrusions from the 
Nurkazgan porphyry Cu-Au deposit in Kazakhstan// Journal 
of Asian Earth Sciences. V.127. 2015. P. 127-138.

13 Shen P, Pan H., Seitmuratova E., Jakupova Sh. A 
Cambrian intra-oceanic subduction system in the Bozsha- 
kol area. Kazakhstan. Lithos. 2015. P.224-225. P. 127-146.

21



14. For G. The bases of isotopy in geology. 1989. -M.: 
Mir, P. 589.

15. Avdeyco G.P., Palueva A.A., Kuvikas O.V. adakites 
in zones of subduction of Pacific rim: revive and analusis 
of geodynamic conditions of for. News of Kraunts sciences 
of the Earth. 2011. N17. P. 45-90.

16. Castillo P.R. An overview of adakite petrogenesis // 
Chine Sciense Bull. 2006. V. 51, N 3. P. 257-268.

17. Defant M.J., Drummond M.S. Derivation of some 
modem arc magmas by melting of young subducted litho­
sphere //Nature. 1990. V. 347. P. 662-665.

18. Peacock S.M., RushmerT., Thompson A.B. Partial 
melting of subducting oceanic crust // Earth Planet. Sci.

Lett. 1994. V. 121. P. 227-244.
19. Zonenshain L.P., Evolution of central Asiatic geo­

synclines through see-floor spreding //Tectonophisics. 1973. 
V.19. P.213-232.

20. Dobretsov N.L., Kirdyashkin A.G., Kirdyashkin 
A.A. Deep geodynamic. -  Novosibirsk, 2002,- P. 373.

21. Vasyukov Yu. A., Boldyrev V. B. State geological 
map of Atasu ore region, scale 1: 50 000. -.St. Petersburg, 
1991.-P.213.

22. Rickwood PC. Boundary lines within petrologic 
diagrams which use oxides of major and minor elements// 
Lithos. -1989. -V. 22. -P. 247-263.

УДК 551.7(084.2X574)

Г. П. Тулегенова
(КазНИТУ им. К. И. Сатпаева)

ОБЩИЕ СВЕДЕНИЯ О СТРАТИГРАФИИ И ЛИТОЛОГО-ФАЦИАЛЬНЫХ 
ОСОБЕННОСТЯХ ВЕРХНЕПАЛЕОЗОЙСКО-МЕЗОЗОЙСКИХ ОТЛОЖЕНИЙ 

НЕФТЕГАЗОНОСНЫХ СТРУКТУР СЕВЕРО-КАСПИЙСКОГО РЕГИОНА

С олтусН к К аспий алабы  мен онын курлы кты к 
жагалауларынын девон кезещнен бор кезещне дейш п 
аралыкта тузшген таужыныс каткабаттарыньщ стратигра- 
фиясы мен кейб1р литологиялык-фациялык ерекшелштер1 
кыскаша сипатталган. Солтуспк Каспий аумагында уш Typni 
тектоникалык курылымдар жапсарласатындыгы айтылган, 
олар -  Каспий маны синеклизасыньщ онтустж белит, Онтустж 
Емб1 (Жем) кетеринм1 жэне палеозойлык жаралымдардын 
Бозащы дислокациялар жуйесп Сонгы ею курылымнын 
алгашкысы Каспий маны синеклизасыньщ онтустж жэне 
онтустш-шыгыс жиегше сэйкес келсе, Бозащы курылымы 
эпипалеозойлык Туран тактасыньщ солтустж OHipiHe сэйкес 
келедп Аталган курылымдардьщ ap6ip тиш тек ездер1не 
тана тиесип кима типтер1мен сипатгалады, сондыктан аймак 
зерттеушшерц TuiciHine, киманьщ Астархандык, Кашаган- 
Тешздж жэне Бозащылык типтерш даралатан. Алайда бул 
кима типтерш тек жотарты палеозой (девон-пермь) жара- 
лымдары туртысынан тана жеке-жеке карастыру орынды, 
ce6e6i мезозой эрасынан бастап киманын Астрахандык 
жэне Кашаган-Тешздж TunTepi «6ipirin кетедЬ. Бул жайт 
аймактын мезозойлык тузЫмдер1 хакында киманын тек 
кана каспийманылык жэне бозащылык типтерш даралауга 
мумюндж бередп Зерттеу аймагына THeciai туз1л1мдерд1н 
стратиграфиясы мен литологаялык-фациялык ерекшел1ктерш 
хаттау барысында жогарыда аталган жайттар ескершген.

Ирек сездер: Солтуспк Каспий, тектонических курылым

m m ep i, кималардын жотарты палеозойлык-мезозойлык 
THnTepi, стратиграфия жэне литологиялык-фациялык 
ерскшел1ктер.

Приведены краткие сведения о стратиграфии и некото­
рых литолого-фациальных особенностях девонско-меловых 
отложений акватории Северного Каспия и его сухопутного 
обрамления. Отмечено, что в пределах Северного Каспия 
взаимно сочленяются три типа тектонических структур -  
южная часть Прикаспийской синеклизы и так называемые 
Южно-Эмбинское поднятие и Бозащинская система дисло­
каций палеозойских пород. При этом Эмбинская структура 
соответствует южному и юго-восточному обрамлению При­
каспийской синеклизы, а Бозащинская структура -  северной 
полосе эпипалеозойской Туранской плиты. Каждый из этих 
типов структур характеризуется только ему свойственным 
типом разреза отложений, которые выделены предыдущими 
исследователями как астраханский, кашаган-тенгизский и бо- 
защинский типы разрезов. Однако раздельного рассмотрения 
требует только нижняя верхнепалеозойская (девон-пермская 
часть разреза, тогда как начиная с мезозойской эры Астрахан­
ский и Кашаган-Тенгизский типы разрезов «объединяются 
воедино», что дает возможность выделить по отношению к 
мезозойским отложениям региона только два типа разреза 
-  прикаспийский и бозащинский типы. При описании стра­
тиграфии и литолого-фациальных особенностей отложений
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