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ORE POTENTIAL OF EARLY DEVONIAN
INTRUSIONS IN THE SARYSU-TENIZ UPLIFT

Abstract. The article assesses the ore potential of the Terekty and Kokkuduktobe Early Devonian intrusive complexes in the southeastern part of the Sarysu-Teniz
uplift, Central Kazakhstan. The study is based on geological, structural and geophysical data, as well as comparison with a known copper-gold deposit associated with
the Karamendy intrusive complex. The focus is on studying the contacts between intrusive and effusive rocks, as well as zones of deep faults and intense crushing, which
likely served as pathways for the migration of hydrothermal fluids and the localization of mineralization. The data obtained allows us to identify several promising areas
of copper-gold mineralization, confined to zones of interaction between intrusions and Upper Ordovician effusive rocks. The identified geological and geophysical features
confirm the prospectivity of the studied complexes and define priority targets for further exploration.
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Capsicy-Teni3 keTepinimi epre 1eBOH HHTPY3UBTI KellleHePiHIH KeHik ds1eyeTi

Amnparna. Makanana Opransik Kasakcrannarsl Capbicy-TeHi3 KoTepimiMiHiH OHTYCTIK-IIBIFBIC OeIirinae opHanackal Tepekri sxone KokKyablkroOe epreieBOH HHT-
PY3HBTIK KEIICH/ICPiHIH KEHIIK dJeyeTi OaranaHaibl. 3epTTey reoJorusUIbIK, KYPhUIBIMIIBIK )KOHE Teo(hH3UKaIbIK AepeKTepre, coniai-ak KapaMeHi HHTPY3UBTIK Kelle-
HIMeH OailJIaHbICTBI GENTiNi MbIC-aNThIH KEH OPHBIHA CAJBICTHIPMAJIb TasiayFa HeriznenreH. Herisri Ha3ap HHTPY3UBTI skoHe 2¢(y3HBTI KBIHBICTAP/BIH JKaHACY aiiMaKTa-
PbIHa, TEPEH XKapbUIbIMAAP MEH KapKbIHbI YCAKTAIly 30HAIapbIiHa ayIapbuiraH. by aiiMakTap rufpoTepManiblk (IIONITEPAIH KOy XKOIIaphl )IHE MUHEPAIIaHY IbIH
HIOFBIPJIaHY OPBIHAAPBI 60Hyfﬂ MYMKiH. AJbIHFaH HOTHMIKEJIEP MEPCIEKTUBAJIBI MBIC-AJITBIH MUHEpAJITaHY yqacxenepin AHBIKTayra MYMKiHJIiK Gepez[i.

Tyiinoi co30ep: uHmpy3ugmix mazmamusm, epme 0e60H UHMPY3USILAPSL, PYOALbIK dleyem, 2e0pu3uKanblK a0icmep, mepen sxcapvlivimoap, Capvicy-Teniz komepinimi,
Opmanwix Kasaxcman.

Py}lOHOCHBIﬁ NMOTEHIHUAJ PAHHEACBOHCKUX HHTPY3UBHBIX KOMIIJICKCOB Capl,lcy-TeHn3c1c0r0 NMOAHATUSA

AHHOTanMs1. B crarbe OLEHMBACTCS PYIHBINA MOTCHIMAN PAHHEACBOHCKUX TepeKTHHCKOTo U KOKKYITyKTFOOHMHCKOTO MHTPY3UBHBIX KOMIUICKCOB, PACIIOJIOKEHHBIX B
10ro-BoctouHoi yactu Capbicy-Tenusckoro nopusatus Lentpansroro Kasaxcrana. MccienoBanue OCHOBAHO Ha F€0IOTHYECKHX, CTPYKTYPHBIX M Fe0(pU3MICCKUX TaHHbIX,
a TaK)Ke Ha COIIOCTABJICHHHU C H3BECTHBIM MEIHO-30JI0TBIM MECTOPOKICHHEM, CBA3aHHBIM ¢ KapaMeHIMHCKIM HHTPY3HBHBIM KOMIIIeKCOM. OCHOBHOE BHUMAHHE Y/ICTICHO
KOHTAaKTaM MHTPY3HBHBIX M 2 (y3MBHBIX OPOJL, 30HAM IIyOUHHBIX Pa3JIOMOB M MHTECHCHBHOTO JPOOJICHHSI, KOTOPBIE MOIVIN CIIY’KHTB Iy TSIMH MUTPAaLlMH THAPOTEPMaIib-
HbIX ()IIOMI0B M JIOKIN3allMi MUHepain3aluu. [ToydeHHbIe pe3yabTaThl HO3BOJISIOT BbIJCINTh NIEPCIIEKTUBHbIE YYaCTKH MEIHO-30JI0TOH MUHEPAIN3allu1 ¥ OLPEJIENUTh
MPUOPHTETHBIC HANIPABICHHS JAIbHEHIINX MOMCKOBBIX PAabOT.

Kniouesvie cnosa: unmpysusnuiii Mazmamusm, panHe0egoHcKuUe UHMpPY3ull, PyOOHOCHbLI NOMeHYUaJ, 2eousuieckie memoost, 2nyounnsle pasiomsl, Capwicy-Tenusc-
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Koe noousimue, L{enmpanvnwiti Kazaxcman.

Introduction

The Sarysu-Teniz segment of the Devonian volcanic-plu-
tonic belt is one of the key geological structures of Central
Kazakhstan. Its tectonic-magmatic evolution was accompa-
nied by the formation of granitoid intrusive complexes and
volcanogenic-sedimentary strata, which created favorable
conditions for the development of ore-bearing systems [1, 2].

The aim of this study is to assess the prospects for hydro-
thermal-plutogenic copper-gold mineralization within the
Terekty and Kokkuduktobe Early Devonian intrusive com-
plexes in the southeastern part of the Sarysu-Teniz uplift. The
assessment is based on a comparative analysis of geological,
geophysical and geochronological data with the Karamendy
intrusive complex, where the Zhaltyrbulak gold-copper ore
occurrence has been identified [3, 4].

The Karamendy, Terekty and Kokkuduktobe intrusive com-
plexes are considered as elements of a single Early Devonian
magmatic system. The Zhaltyrbulak mineralization associat-
ed with the Karamendy complex is used as an analog mod-
el. Its main ore-controlling features include intrusive-effusive
contacts, exo- and endocontact alteration zones, crushing and
fracturing zones, deep faults, quartz-sulfide mineralization
and local geophysical anomalies. These criteria were applied
to evaluate the ore potential of the Terekty and Kokkuduktobe
complexes.

Geophysical and geological evidence indicates similar min-
eralogical composition and close age values of the studied in-
trusive complexes within the analytical error [5]. Therefore,
the Terekty and Kokkuduktobe complexes are considered
promising objects for comparative geological and geophysical

assessment using the analogy method and expert ranking of
diagnostic ore-controlling features.

Analysis of the results of previous studies

Geological and geophysical data on the exploration of the
Sarysu-Teniz segment of the Devonian volcano plutonic belt
were collected primarily during regional and detailed explora-
tion work conducted in the second half of the 20th century. The
bulk of the research was concentrated within the Karamendy
intrusive complex, where, from 1967 to 1972, K. 1. Maricheyv,
V. T. Kazimir, and V. A. Bogach conducted a series of geolog-
ical, geophysical, and mining surveys that identified the Zhal-
tyrbulak gold deposit and several associated ore occurrences
within the Zhaltyrbulak ore field.

The manifestations of gold-sulfide mineralization at the
Zhaltyrbulak site are confined to the endocontact zone of gran-
ites and granodiorites of the Karamendy intrusive complex
with Ordovician (0,) effusive formations. This contact area is
the main mining control zone, which is confirmed by the to-
tality of geological observations and the results of geophysical
work carried out in 1967-1968 (Figure 1) [6, 7].

Mineralization at the Zhaltyrbulak site is confined to the
endocontact zone of granites and granodiorites with Upper
Ordovician effusive rocks. Ore-bearing structures are main-
ly represented by northwest-trending crushed and fractured
zones associated with quartz-sulfide veins. The mineralization
includes pyrite, chalcopyrite, molybdenite and hematite, while
the oxidation zone contains iron hydroxides and copper ox-
ides. Magnetometry data show that ore-bearing and hydrother-
mally altered zones are marked by local magnetic field minima
of up to 200-300 y and bends in the AZa isolines, indicating
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Figure 1. Geological map of the Zhaltyrbulak site (sheet
M-42- XXXIII).
Cyper 1. KaarpipOy/iak yyackeciHiH reoJIorusijibIK
kaprachbl (M-42- XXXIII napa¥gbI).
Puc. 1. l'eosnnornyeckas kapra yuacrka Kaarpipoyiak
(muer M-42-XXXIII).

1 boundary

tectonic disturbances and reduced magnetic susceptibility of
altered rocks. These geological, mineralogical and geophysi-
cal features confirm the high prospectivity of the Zhaltyrbulak
site and can be used as criteria for further exploration and eval-
uation work [8, 9].

Materials and Methods

Exploratory work was conducted within each intrusive
complex to identify promising areas for expanding the min-
eral resource base of the region. The studies included geolog-
ical, geophysical, geochemical and geochronological inves-
tigations, absolute age determination, drilling, well logging
and integrated data interpretation. Geophysical surveys were
carried out along extended submeridional and sublatitudinal
profiles crossing intrusive bodies, contact zones, regional and
local faults, and structural-formation boundaries. The profile
layout was aimed at revealing the deep structure of intrusive
bodies and potential ore-controlling zones (Figure 2).

The geophysical complex included magnetic, gravity, elec-
trical, seismic and gamma-ray surveys. Magnetic measure-
ments were performed using a GSM-19W proton magnetome-
ter, gravity data were obtained with a Scintrex CG-5 Autograv
gravimeter, and VES-IP data were interpreted in ZondRes2D.
Seismic profiling was carried out by the 2D common depth
point method. Integrated interpretation made it possible to
identify intrusive contacts, fault zones and areas favorable for
hydrothermal mineralization.

Results and Discussion

As a result of the interpretation of new geological and geo-
physical data obtained from a system of extended profiles in-
tersecting the Terekty and Kokkuduktobe intrusive complexes,
stable patterns of spatial distribution of magnetic, gravitational
and electrical anomalies have been established. The revealed
anomalous fields reflect the structural features of intrusive
bodies, their contact zones and associated fault structures,
which are interpreted as deep structural elements potentially
controlling ore mineralization.

The Terekty intrusive complex, previously treated as Mid-
dle Devonian, is considered in this work as Early Devonian
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Figure 2. Geological maps. a) Karamendy and Terekty
intrusive complexes, profiles L03, L04, L0S5, L10 (sheet M-42-
XXXIII); b) Kokkuduktobe intrusive complex, profiles LO1,
L14 (sheet M-42-XXXIV).

Cyper 2. T'eosiorusiibIK KapTanap: a) Kapavenoi scone
Tepexmi unmpysuemi keutenoep, L03, L04, L0S5, L10
npogunvoepi (M-42-XXXIII napazot); b) Kexkyovikmebe
unmpysuemi xeweni, LO1, L14 npoghunvoepi (M-42-XXXIV
napaewi).

Puc. 2. T'eonornueckne kaptol: @) Kapamenouncxkui u
Tepexmunckuil unmpy3uervle komniexcol, npogunu L03,
L04, LO5, L10 (nucm M-42-XXXIII); 6) KokkyOykmioounckutl
unmpysuerwlil komniekc, npoguau LO1, L14 (nucm M-42-
XXXIV).

and is represented by leucogranites of normal and moderate
alkalinity embedded in Devonian volcanogenic-sedimentary
strata [5]. According to the geological survey and geophysical
surveys of 2020-2022, intrusive bodies can be traced within
the profiles L03, L04, LOS5, L10 and L13, where pronounced
contact and exocontact zones are formed (Figure 2a).

The exocontact zones of the Terekty intrusive complex have
a thickness of 10-50 m, which is confirmed by geological obser-
vations and geophysical interpretation of the profiles. Hydrother-
mally altered rocks are developed within these zones, confined to
the contacts of intrusive bodies with the host Devonian strata. Ac-
cording to geological features, exocontacts are estimated as zones
of high probability of mineralization, while the central parts of the
intrusive without pronounced structural disturbances correspond
to a medium-high probability (Figure 3).

Structurally, the Terekty intrusive complex is confined to
discontinuous disturbances. The marginal parts of the massif
are complicated by zones of crushing and increased fracturing
with a width of 10-40 m, which coincide with the exocontacts
of intrusive bodies and are considered as the main channels of
migration of ore-bearing hydrothermal fluids. The intersection
points of faults and contacts, most clearly expressed on pro-
files LO5 and L10, are the main ore-controlling structures and
are estimated as zones of high probability of mineralization.

The mineralogical features of the Terekty complex cor-
respond to the intrusive hydrothermal type of mineraliza-
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tion. Pyrite and chalcopyrite were found in the exocontact
zones, which indicates the presence of primary sulfide
mineralization. Secondary copper minerals malachite and
azurite, which are associated with cracks and decompres-
sion zones, are widely developed in the oxidation zone.
The association of Cu with Ag and Mo has a local char-
acter and is considered as a supporting sign of medium to
high significance.
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Figure 3. Geological and geophysical section along the
LO03 profile.
Cypet 3. L03 npodu.ti 60ibIHIIA reoJJOTHSIBIK KIHEe
reoU3uKaJbIK KHMA.
Puc. 3. I'eosioro-reopusnyeckuii pazpe3 npopuas L03.

The geophysical data provide a quantitative justification for
the ore prospects of the Terekty complex. According to magne-
tometry data, stable local minima of the anomalous magnetic
field AZ with an amplitude of 100-200 NT are recorded on
profiles L03, L04, LOS5, and L10, confined to exocontacts and
crushing zones; these anomalies are interpreted as the result of
rock demagnetization due to hydrothermal processing (Figure
4) [10, 11].

Figure 4. Geological and geophysical section along the
L04 profile.
Cypet 4. L04 npoduti 60ibIHIIA Te0JOTHSIBIK KIHE
reou3UKaJbIK KUMA.
Puc. 4. I'eostoro-reopusuyeckuii paspes npopuis L04.

According to the data of gravity exploration, local decreas-
es in the gravitational field have been revealed in the same in-
tervals, coinciding with magnetic minima; when they coincide
with AZ = 100-200 NT, their prognostic significance increases
(Figure 5) [12].

Electrical exploration revealed anomalies in the exocontact
zones of apparent resistance Ry = 300-600 Ohms - m, corre-
sponding to quarried and fractured rocks. At the same time,
anomalies of induced polarization n = 4-6% exceeding the
background values are recorded here. The combination of re-
sistances of 300-600 Ohms-m and a polarizability of 4—6% is
a reliable indicator of latent sulfide mineralization.

The gamma-ray survey data shows the variability of the
radiation background associated with the lithological compo-
sition of granites and host rocks. Numerical values of gamma
activity do not correlate with the AZ = 100-200 NT and n =
4-6% zones, which is why the gamma radiometric feature is
assessed as low in prognostic significance.

To compare the Karamendy (model), Terekty, and Kok-
kuduktobe intrusive complexes, diagnostic geological, struc-
tural, mineralogical, and geophysical features were summa-
rized and ranked according to their prognostic significance,
which were determined by expert assessments (Table 1).

In general, the Terekty intrusive complex is characterized
by moderate ore prospects, realized in exocontact zones with
a capacity of 10-50 m with a coincidence of crushing zones of
10-40 m, magnetic minima AZ = 100-200 NT, anomalies of
resistance Rx = 300—-600 ohms - m and increased polarizability
n = 4-6%. Sites with this combination of features should be
considered as the primary objects of further search and eval-
uation work.

For the Kokkuduktobe intrusive complex, the highest con-
centration of diagnostic features was established along profile
LO1, which features converging intrusive contacts, fault zones,
increased fracturing, sulfide mineralization, and coordinated
magnetic-gravity anomalies. This combination of features
indicates favorable conditions for the development of hydro-
thermal mineralization. Profile L14 is assessed as moderately
promising due to weaker manifestations of gravity-magnet-
ic indicators and the remote influence of the intrusive body.
Therefore, profile LO1 should be considered a priority area for
further exploration and appraisal work.

Conclusion

A comprehensive interpretation of new seismic, gravimag-
netic, and electrical exploration data based on a system of
extended profiles clarified the deep structure of the Terek-
ty and Kokkuduktobe intrusive complexes and showed their
close structural association with the system of regional and
local faults in the southeastern part of the Sarysu-Teniz uplift.
Intrusive bodies are characterized by a block structure, con-
trasting differentiation of magnetic and gravitational fields,
and the presence of zones of increased electrical conductivity,
reflecting tectonic disturbance and increased rock permeabil-
ity, which are key conditions for the migration of hydrother-
mal fluids and the formation of ore mineralization. The most
ore-favorable areas are associated with endo- and exocontacts
of intrusions, crushing zones, and fault junctions of various
kinematics, where consistent magnetic minima, local gravity
depressions, and resistance/IP anomalies are recorded, inter-
preted as signs of hydrothermal processing and possible la-
tent sulfide mineralization. Taking into account the previously
established U-Pb geochronology of the Karamendy, Terekty
and Kokkuduktobe complexes of the same age (418 + 3-412
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Figure 5. Geological and geophysical sections by profiles: a) L05, b) L10 (fragments within the Terekty intrusive massif).
Cypert 5. I[Ipodpuabaep 6oiibIHIIA Te0TOTHSIIIBIK KIHE reoGU3NKANBIK Kumauap: a) L05; 6) L10 (Tepexmi unmpysusmi
Maccusinoezi ColHbIKmap).

Puc. 5. l'eostornueckne u reopuznveckue paspessl no npoduiasam: a) L05; 6) L10 (ppaemenmol 6 npedenax

Tepekmuncko2o UHMpPY3U8HO20 MACCUBA).

Diagnostic features and their significance for assessing the ore prospects of intrusive complexes

Table 1

Kecme 1

Juacnocmukanslx epekuieniikmepi y3eane o1apovly UHMPY3uemi KeuleHoep KeHiHiH 001auazoln 6a2anay0azol Mawbl3vl
Tabnuua 1
Jluacnocmuueckue npu3HaKu u ux 3nauenue 0yt OUeHKU NePCReKmue py0ooodpazo6anus 6 UHMPY3UGHBIX KOMNIEKCAX

Karamendy (model) Terekty Kokkuduktobe
Criteri e Py =
riteria Sign Signifi Sign Signifi Sign Signifi
cance cance cance
. . . . Endo-/exocontacts of
Contact granites/granodiorites Exocontacts of intrusion . ) .
Contact area . 5 5 intrusion (marginal parts of 5
> effusive O; 10-50 m
the array)
Crushing anf fracturmg zones . Proximity to discontinuous
(315-345°); quartz veins Crushing/ . .
Structural . o 5 . 5 faults; areas of increased 5
(subparallel/spiral), 75-85° drop fracturing zones 10—40 m . .
fracturing/ crushing
to the northeast
Local minimum AZa 200-300 Minimum AZ = 100-200 Local mlnlmum/klnks pf AZa
. v (above vein zones); bends of . and contrasting gradients
Magnetic L. ) . 5 NT in contacts/ 3,5 . . 3,5
the isolines AZa (faults); mosaic faults in the marginal part of the
field -250...4+2310 ¢y intrusive
Local decreases in g, Local decreases in the
Gravity - - coinciding with AZ- 5 gravitational field consistent 5
minimum with magnetic signs
. p, 1000-1300 P = 300-600 Ohms - m
Electric (p,) ohms - m (quartz zones and 3,5 3 - -
g . (contact areas)
dense bodies)
Sulfide mineralization(direct) Pyrite and chalcopyrite
. Pyrite — chalcopyrite — in the contact area . o
Mlniiraallog- molybdenum + hematite 5 Oxidized forms of copper 4 Oiiudliﬁz(ifi ?;negilzl?:;;zls 3,5
Gold is associated with pyrite Association of copper with PP
(secondary) silver and molybdenum
Combination: contact O.- Combination: contact +
. . o 3 Combination: contact + d the fault zone + consistent
Comprehen- | intrusions + crushing zones + . . L
. . g 5+ crushing + AZ + py+n (£ 5+ magnetic and gravitational 5
sive (key) quartz veins + AZa-minima + L . . .
. . g- minimum) anomalies (+ mineralogical
high NP (+ EP-anomalies) features)
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+3 million years) and their material and mineralogical similar-
ity, the Terekty and Kokkuduktobe complexes are reasonably
considered as products of a single Early Devonian magmatic
stage and as potentially ore-bearing objects comparable in ge-
netic terms with the Karamendy complex (Zhaltyrbulak site).

Analysis of rating indicators (Table 1) indicates that the
proximity of the average criterion of the Terekty complex is
more significant, 91.7% relative to the model (Karamendy

complex) versus Kokkuduktobe, which is 90%. Thus, the Ter-
ekty intrusive complex is preferable for conducting geological
and geophysical studies at the stage of exploration of struc-
tures, for assessing the resources of gold-sulfide mineraliza-
tion. The results obtained form a system of criteria and justify
the priority of further predictive prospecting and prospecting
and evaluation work on copper-gold mineralization within the
contact fault zones of these intrusive massifs.
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