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INTRODUCTION

Both the Mesozoic and Cenozoic alkaline-basalt volcanic ac-
tivity are very common phenomena for Central Asiatic fold zo-
ne includinrg some of the southern areas of the Soviet Union,
such as Khakassian District, where one can find numerous vol-
canic pipes containing abundant deep-seated inclusions. The
latter are associated with the stage of recent tectonic-mag-
matic activity in the region under discussion, that was most
intense within the whole Cenozoic time, though the initial
signs of this activity manifested themselves at the Late Me-
sozoic time. The major tectonic processes responsible for the
volcanic activity here were riftogenetic ones of the conti-
nental lithosphere. It has resulted in formation of the ILake
Baikal Rift System as well as related rift structures in
Mongolia, Tuva and Khakassia. Intercontinental riftogenesis
was accompanied by the alkaline-basalt volcanism whose initi-
ation was fixed in the area of our field trip organized
within the framework of International Symposium.

The volcanic pipes are concentrated in a local area confi-
ned to the conjunction zone of the northernmost cover-fold
gtructure zone of Caledonian time within the Central Asiatic
fold belt area and Mesozoic West Siberian Platform. One can
separate here the Minusa intermontane depression of Devonian-
Carboniferous age; a peculiar ring of alkaline-basalt volca-
nism has been found to occur over the northern margin of
Chui-Yenisei Depression. It includes a root system of volcan-
ic eruptions in the form of volcanic pipes of complex struc-
ture, the lava necks and numerous dykes. No cover facies have
been fixed. The volcanic rocks intrude the youngermost Devo-
nian-Carboniferous terrigene deposits. Based on the data ob-
tained by these authors is the age of these rocks fixed as
the Upper Permian-Triassic (Luchitsky, 1960; Kryukov, 1969,
1964, 1968). The absolute isotopic datings performed for zir-
cons from the concentrate of the Bele Pipe by the staff from
Carnegie Institute, Geophysical Lab., U.S.A. has yielded
206Pb/238U age of basaltoids as being 77.9 m.y. (G. Davis,
(personal communication).



The data obtained by I.V.Luchitsky and A.V.Kryukov have
proved that the volcanic pipes and dykes are grouped over the
margins of Kopievo dome-shaped uplift (Fig. 1) confined to
the flexures of N-W strike, lain over the deep-seated faults.
Three small areas can be separated here incorporating over 20
intrusive bodies. These are the northern Chulym River Basin,
one near Kongarovo village and western one near Uchum Lake
and Kopievo railway station, the southern one between the
Bele lake and Kogunokskaya and Tergeshskaya villages (see the
Guide Map).

GENERAL INFORMATION

Volcanic pipes constitute the cone-shaped hills that can
be easily fixed in the relief elevated over 30-60 m above the
local level. They are of rounded shape, 80-540 m in diameter,
of complex inner structure. The lava necks are usually of
smaller size and varying morphology, the dykes being 10-15 m
thick extending to several hundreds meters. These mostly are
the multiphase structures composed of eruptive breccias with
altered cement bearing the indications of the relict structu-
ral-mineralogic signs to be the volcanic rocks and basaltoids
typical of the alkaline-basaltoid magmatic rocks.

The basalts and eruptive breccia, in particular, are fil-
led with the fragments of various type rocks and monomineral
inclusions that were studied by many geologists (Kryukov,
1962, 1968; Kutolin, 1972; Vladimirov et al., 1976; Kostyuk
et al., 1977; and oth.), including the authors of this Guide.
By summing up the results of this study we have succeeded in
geparating three large groups of inclusions: crustal xenoliths,
mantle xenoliths and monomineral inclusions known as mega-
crysts of various origin and composition.

Crustal xenoliths are represented by a heterogeneous group
of sedimentary, magmatic and metamorphic rocks. Of these the
most interesting ones are granulite facies xenoliths and
eclogite-like rocks poorly studied earlier as containing in-

formation on the composition and structure of the deep-seated
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Fig. 1. Schematic map of the occurrence of volcanic

pipes and basalt dykes in Chulim-¥Yenisei depression,
Khakasia /Yuchitsky,1960/.

1 - dykes and necks of young basalts; 2 - Kopyevo

uplift; 3 - area of young basalt occurrense.

Prc. I. Cxema pacmpocTpaHeHAA BYJIKAHAYECKUX TPYyGOK

7 GasalrTOBHX Jlaek B Yysmmo-EHmceitckoil Bmammue,
Xakacuu /llywmmmit, 196Q/.

I - nailkyi I HEKKN MOJOIHX 6a3albToB, < — KomeeBc—

KOe IOIHATHE, 3 — ILIOMAalh PacIIPOCTpaHEHXS MOJOIHX

Ga3anbsToB.



zones of Continental Crust.

The ultramafic and mafic mantle xenoliths were studied fa-
irly well, so it was possible to separate 2 types of them:
magnesian (Mg) and ferro-magnesian (Fe-Mg) belonging to a
"green" series as based on various classifications: it conta-
ins type 1 chrome diopside; and a "black" series containing
type II augite (Whilshire, Shervais, 1975; Frey, Prinz, 1978
et al,). Magnesian xenoliths from the described region are
represented mainly by garnet and spinel lherzolites or some-
times wehrlites, diopsidites and eclogites. Petrology of Ng-
type xenoliths proves in favour of the mantle origin of the-
se rocks. The Fe-Mg type is inhomogeneous with respect to the
origin of the incorporated rocks. It includes clinopyroxeni-
tes, websterites, on one hand, and more uncommon spinel lher-
zolites, on the other, which are believed to be the fragments
of the Upper Mantle substance. Still, there are also present
pyroxenites, whose mineral-geochemical indications permit one
to conclude that they are the ultramafic cwaulates of the al-
kaline-~basaltoidal magma.

The third group. of monomineral inclusions incorporates the
large size and desintegrated single pyrope crystals, high-
aluminous augite and sanidine. They have the mineral-petrolo-
gic indications of the high-pressure minerals being though of
ambiguous origin. They are usually regarded as the deep-seat-
ed near~liquidus phases of mantle crystallization of alkaline
basaltoids or are ireated ds xenocrystals, which is most un-
common.

As for xenoliths and the host rocks, Khakassian volcanic
pipes were studied in varijous degree, so their characteristics
are cited below with varying degree of detalization. The most
interesting are Tergeshskaya and Bele pipes as providing
abundant information on the Upper Mantle structure and compo-

sition: these contain pyrope peridotites and eclogites.

Abbreviations
gar - garnet
cpx - clinopyroXene
ol - olivine



opx - orthopyroxene
spn - spinel

f ~ Fe/(FetMg) %

n -~ totals for analyses

Tergeshskaya Pipe

This is one of the most carefully studied pipes located in
the area of Devonian terrigene deposits containing red send-
stones, siltstones, marls and gravelites of subordinate impor-
tance (Kryukov,1963, 1964, 1968; Kutolin, Frolova, 1972;
Kostyuk et al., 1977; Sobolev, 1975 and oth.). The exocontact
influence of the intruded magmatic rocks is here very insigni-
ficant represented meinly by the strain effects (banding and
ascent of layers, flexure-forming processes, fracture tecto-
nics). Morphologically, the pipe is not practically well out-
lined on the surface; only part of it is composed of basalts
that make up a cone-shaped 40 m high hill elevating over the
surrounding plains. As based on magnetic surveys and excavati-
ons of the ground, configuration of the two near-lying pipe-
shaped bodies was found to be complex (Fig. 2) having the di-
mensgions 540 x 120 m and 180 x 100 m. They slightly extend in
the N-W direction parallel to Dzhirimskaya flexure as a result
of tectonic activity of the large-scale fault. The funnel-like
shape of the bodies has been fixed, the contacts steeply dip-
ping (40-60°) inside the pipe.

Tergeshskaya pipe is composed of eruptive breccias forming
small later intrusions of small-scale volumes of basalts for-
ming small stocks (up to 10 m in diemeter) with apophyses and
dykes.

The eruptive breccias are highly volcenic-fragmentary
rocks filled in with xenoliths of the host Devonian or more
ancient crustal rocks, containing deep~seated inclusions
though not so abundent. They cen be distinghished mainly by
the relation between the crustal and mantle xenoliths and al-
so by their location within the pipe (Fig. 2). The II-phase
breccias are most abundant: they make up the major part of
Tergeshskaya pipe. The I-st phase breccias were conserved
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Fig. 2. Schematic map of geologic structure of
Tergeshskaya pipe /Kryukov,1964/.

1 - alluvium; 2 - structural alluvium in breccia;

3 - basalts; 4-6 - erruptive breccias; 4 - 1st

phase; 5 - 2nd phase; 6 - 3rd phase; 7 - Devomian

terrigene host rocks.

Prc. 2. Cxema T'€0JIOTHIECKOTO CTDOEHRA TPYyGRZ

Tepremckas /Kpakon, 1964/.

I - aumBmil; 2 — CTDYKTYDHHA anmoBmii GpeKuHd;

3 - GazaapTH; 4-6 - 3pynTHMBHHE OpeRwmi: 4 - I-i

dasH, 5 - 2-# (asxH, 6 — 3-i asH; 7 - BMemawmEe

TeppAT'eHHHEe OTJOKEeHnAd NEeBOHA.
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only as some small fragments 18-25 m thick over the northern
margin of the pipe, while similar III-phase rocks all make
up small isolated body being rather branch or apophysis of
the principal pipe channel.

Thus the pipe under discussion was formed during several
activity stages of Tergeshsky eruptive center, in the process
of which not only the eruption types were changed (pyroclas-
tic explosions, lava eruptions) but also cdmposition of vol-
canic products, as it may be seen from Table 1. Analysis of
the samples of eruptive low weathered breccias containing
minimum foreign inclusions has shown that the magmatic pro-
ducts of initial stages of pipe formation were not of the
same composition as the final stage basanites (Fig. 3).They
were saturated in silica, iron but judging by rather low
concentrations of TiO2 and P205, they were legss alkaline ap-
proaching to basaltoids of tholeiitic petrochemical type;
later basaltoid inclusions are identified as typical repre-
sentatives of alkaline-basaltoid series belonging to the
most mafic varieties of this family of basalts highly under-
saturated in SiO2 with specific paragenesis of the pheno-
crysts: olivine + clinopyroxene + labrador.

The alkaline basaltoids of Tergeshskaya pipe by their ra-
re-earth elements (REE)characteristics are compared with the
Cenozoic alkaline basalts of the Lake Baikal Rift System be-
ing quite different than kimberlites from the Siberian Plat-
form (Fig.4). In spite of the fact that kimberlites and al-
kaline basalts have overlapping ranges of their variations
in the contents of the light REE with concentrations of the
heavy REE varying which is responsible for the rare-earth
distribution having the values (La/YbN) = 98-160 and 9-25.
Tergeshskaya pipe basanites are similar to the less rich
ones (La/Yb)N = 9 with alkaline basalts of Dzhidinsky and
Vitimsky aureoles, also Dariganga basalt plateau in Mongolia.

All the rocks composing Tergeshskaya Pipe contain xeno-
1iths both of crustal and mantle origin, as well as large
(up to several cm) monomineralic nodules. The quantitative
proportions between these three groups of inclusions, size
of the latter and the whole bulk of xenogene matter highly

1I
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IMig. 3. BArrangement diagram for the subdivision of alkaline

and subalkaline basalts (tholeiites,calc-alkaline).
Lines I-III stand for: 1 -- fields of high-and moderate-alkali-
ne basaltoids /Baggerson, Williams,1964/; II-III - moderate-
- alkaliné and subalkaline basalts /Macdonald,Katsura,1964;
Irving, Baragar, 1971/.
1-2 - Tergeshskaya pipe rocks: 1 - basalts; 2 - erruptive brec-
cias; 3-8 - pipe basaltoids: 3 - Bele pipe; 4 - Kongarovskaya
pipe; 5 - Baradzhulskaya pipe; 6 - one near Tergeshskaya pipe;
7 - Tri Brata pipe; 8 - Krasnoozyorskaya pipe; 9 - Cenozoic
rift series of alkaline basalts,Tuva [kepezhinskas et al.,1987/.

Pnc. 3. KimaccmukaiponHasd mar'paMMa LT pa3leJeHMA MeJIOYHHX 1

CyOmeJOYHHX (TOJEeHTOBHX, N3BeCTKOBO-MEJOTHHX )(Ga3albToB.
JuAaun I-I - paspesnsmor: I — OOJA BHCOKO- ¥ YMEDEHHOWEJIOYHHX Ga—
3alETOHIOB [Saggerson, Williams, 1964/ 3 II-lIl - yMepeHHOmeJ09-
HHX ¥ CyOmeJOYHHX Gas3aitToB [ Macdonald, Katsura, 1964;Irving,
Baragar, 1971/.
I-2 - nopomH TpyOku TepremcRad: I — Oa3ajbTH, 2 — SpPyOTABHHE
Opexymu; 3-8 —~ GasanpTommH Tpyoox:3 — bene, 4 - KouIapoBckasd,
5 - Bapamgynrckasg, 6 — BODI3U TpyOkm Tepremckas, 7 — Tpu Gparta,
8 —~ KpacHoo3epckas, 9 — KaliHO30iicKMe pMQATOBHE CepuM L[eJOTHHX
GasanrroB Tyeu /Kememmmckac u np., 1987/.
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Fig. 4. Distribution of the rare-earth elements
vs ordinary chondrite /Nakamurae,1974/ in kimber-
- 7 lites and alkaline basaltoids containing mantle
B xenoliths of host-rock origin.
i 2 1 - Tergeshskaya pipe basalts; 2 - Kongarovskaya
pipe basanites;3 -~ Obnazhennaya pipe kimberlites
Yakuria; 4 - alkaline basaltoids of the Lake
El" Baikal rift system (Dzhidin and Vitim aureols,
- 5 Tokinsky Stanovik: n=7) and Mongolia (n=19)
- /Saltikovsky,Genshaft,1984; Kononova et al.,
= 1987; Kogarko et al.,1987/; 5 - kimberlites from
i the Siberian Province (Malo-Botuobinsk,Alakitsk
_ and Daldinsk regions, n=22)/Ilupin et al.,1978/.
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B Prc. 4. Pacopenenenume P33, HODPMMDOBAEHHX K OpIH-
HapHOMy XOHIpUTy /Nekamura, 1974/, B KUMGeIATaX
U WEeJOYHHX GasalbTonlax,Buelalnlyx MaHTMHHe Kce-
HOJATH
I - GazanpTH TpyOku Tepremckas; 2 — Ga3aHUTH
TPYyOK® KOHTapoBCcKasd; 3 — KuMOepnHTH TpyOokm OGHa—~
XeHHad, SKyTusa; 4 — mejoYHHe Gaz3albTOUIH baji~
Kankckoit pudroBod cmcTemH (IrmmmHCKER apean, Bm-
TUMCKmA apean, TOKMHCKu CTaHOBMK:n=7 ) H MoH-
rommn ( n=19 ) /CanTeXOBCK, 'eHmadr,1984; KoHo-
> HOBa ¥ 1p.,1967; Korapko u mp.,197/; 5 ~ Xum -
la, -~ Nd Sm 76 Er Y6 lu GepumeTH CHOMPCKO# MpOBRHIOMK (idaro-BoTyosHHCKE,
ATaKRTCKIA B LamuHHCKIGK paiioHH, n=22 )/lurymH
u np., 1978/.
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vary from various pipe sections as well as from various host
rock types. ]

Crustal xenoliths dominate, in general, over the mantle
ones. Some of xenoliths contain eruptive breccias of the II-
phase (up to 60%) or III phase breccias. The largest size of
foreign fragments was also discovered from the varieties rea-
ching 1 m of the crustal matter. The fragments contained in
eruptive 1-st phase breccias and basalts are usually not lar-
ger than 5 cm.

Crustal xenoliths contain mostly various terrigene oarbo-
nate rocks of Devonian rock series or more ancient ones
(Cambrian?), the Middle Paleozoic effusives from basic-to-ac-
id ones, also granitoids. But the most interesting ones are
the solitary fragments, perhaps, lower crustal metamorphic
rocks, such as crystalline schists, gneisses, granite gneis-
ses and hypersthene gneisses providing information on the
composition and structure of the lower crustal horizons,
which are not represented up the surface in this region.

Mantle Xenoliths

Mantle xenoliths constitute a wide range of ultramafic
rocks whose varying number was fixed in all the basanite va-
rieties of the host rock origin in Tergeshskaya pipe. The
ITI-phase eruptive breccias and partly basaltoids are espe-
cially rich in these varieties. Apart from the dominating
wltramafic xenoliths there also are found the solitary frag-
ments of eclogite rocks being of the same importance for
petrologic study of the deep-seated zones of the Earth's
Crust and Mantle.

Xenoliths of the ultramafic rocks belong to 2 principal
types: magnesian or 'green" xenolith series, in which clino~
pyroxene is usually represented by Cr-diopside, also by fer-
ro-maegnesian or '"black" xenolith series, containing clinopy-
roxenes of augite series. The Magnesian series is more vary-
ing incorporating the dominating Sp-lherzolites; Sp-webste-
rites and sometimes Gr-lherzolites and Gr-websterites. The
Mg-Fe series is mainly pyroxenitic containing Sp-websterites,

Sp-clinopyroxenites and Sp-orthopyroxenites.

I4



The contents of the major elements in the principal xeno-
lith types: lherzolites of Mg-series and pyroxenites of Fe-Mg
geries are listed in Table 2. TIn gpite of the fact that we are

dealing here with different petrographic varieties , which
makes the correct petrochemical correlation more complicated,
the general trends in their difference are quite clear and
can be supported by their correlation with xenoliths of the
two above listed types from basaltoids of Mongolia (Fig. 5).

The bulk chemical composition of lherzolites from Tergesh-
skaya pipe is similar with that of primitive nodules of basal-
toids from Tokinsky Stanovik or some different regions inclu-
ding oceanic islands. The sampled geochemical characteristics
such as the rare element distribution in Sp-lherzolites have
supported the similarity with that of ultrabasic nodules of
Tokinsky Stanovik and Mongolia ( Fig. 6). In the diagram
two types of xenolith distribution are shown from Tokinsky
Stanovik (Kogarko et al., 1987). The 1-st type approa-
ching chondrite with low or roughly the same level of concen-
trations (La/‘.{b)N = 0.3 - 1.4 for the light and heavy REE
has been fixed in Sp-lherzolites of Mg-type (green series
with Cr-diopside) that are considered to be the fragments of
primitive Mantle. The 2-nd type extremely rich in the light
REE is typical of the green series xenoliths rich in pyroxe-
ne component being the fragments of metasomatically altered
mentle with higher (La/Yb)N = 7-32. The distribution of the
REE in Sp-lherzolites of Tergeshskaya pipe (Ce/Yb)y~3 is
very similar with the enriched metasomatically altered mantle
type though having higher Yb, which is typical of the deple-
ted mantle when this element accumulates in the partial mel-
ting products.

The mineral composition of Gr and Sp parageneses of both
the ultramafic and mafic xenoliths is given in Tables 3,4,5.

Garnets of lherzolite paragenesis irrespective of Sp pre-
sence belong to a low chromous variety (Cr203«v1%) with con-
stant £ = 17 %. They are more magnesian compared with the
garnets of lherzolite xenoliths of Mongolia but are similar
by Ca-Fe-Mg components with Mg-garnets from diamonds (Fig.T).

I5
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I"ig., 5. Relation between Ca0 and FeO for ultramafic xenoliths of
the Mg and Fe-Mg-types from the Khakasian basalt pipes.
1,2 - Tergeshskaya pipe: 1 - Mg lherzolites, 2 - Fe-Mg pyroxe-
nites; 3,4 -~ Bele pipe: 3 - Mg lherzolites, 4 - ultramafic
cumulates of alkaline basalt magma; 5 - pipe near the Tergeshs-
kaya one, lherzolite ; 6 - Kongarovskaya pipe, the Mg-type.lher-
zolite. Contours stand for the fields of parameter variations
for the deep-seated xenoliths from Mongolia for the Mg(I) and
Fe-Mg (II) types [Kepezhinskas, 1979/.

Pric. 5. CooTHoweHne cogmepxaHuii Ca0 M xeJe3mCTOCTH B YJIETpamagu—
TOBMX KCEHOJMTaX MArHEe3MalEHOTO M XeJe3MCTO-MaTHE3MAJEHOTO TUIOB
U3 Ga3albTOBHX TPYyOOK XaKacuu.
I,2 - Tpyoka Tepreuickasa: I — JepuoJnTH Mg THIa, 2 — IMEOKCEHNITH
Fe-Mg Tuna; 3,4 — TLyOka Beme: 3 — nepuoanT Mg Tuma, 4 - YIAETpa-
OCHOBHOH KyMyJaT WeJOYHO-0a3aNbTONNHOR MarMu; 5 — TryOka BO/DI3H
Tepreuckoit, xepuoauT; 6 — TrPyOKa KoHrapoBckasd, JepUoJUT Mg
THna. XOHTYPH — 061IacTy Bapualpni COOTBETCTBYOIUIX NapaMeTpoB B
TIYOMHHEX KCeHomuTax MoHrommu miiMg (I) m Fe-Mg (II) Tuios
[Fenexmnckac, 1979/.

Ie
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Fig 6. Rare-earth elements, their distribution vs ordinary

chondrite /Nakamura, 1974/ in xenoliths of spinel lherzolites
from alkaline basaltoids (1,2,4-6) and kimberlites(3).

1 -~ Tergeshskaya pipe; 2 - Kongarovskaya pipe; 3 - Obnazhennaya

pipe, Yakutia; Tokinsky Stanovik /Kogarko et al.,1987/;

4 - fragments of primitive mantle origin, n=6; 5 - fragments of

metasomatically altered mantle, n=5; 6 - Mongilia /Saltikovsky,

Genshaft, 1984; Kononova et al., 1987/.

Puc. 6. Pacnpenenedue P3C, HODMHDOBAHHUX K ODIMHaDHOMY XOHIPHUTY
1974/, B KCOHOJNMTAX WIMHEJEBHX JETLOJATOB H3 Wenoyu—
HHX GasajkrToumos (I1,2,4-6) u xuméepmiToB (3).
I - rpycra Tepremckad; 2 - TpyOko ilOHTapoBckas; 3 - Tpylrka 06~
RaxeHHad, fxkyrma; 4,5 - Toxunckmi CraHomwx /liorapko u np.,1987/:
4 — ()parMeHTH NpPMMUTMBHON MaHTHMM,n= 6 ; O — WPATMEeHTH MeTaco—
MaTUYeCKN m3MeHeHHOil MaHTMWl,n= 5
xuit, TeHuwadr, I9e4; IloHOHoBa X Ip.,

[Nakamura,

6 - ilonromus /CanTHKOBC~

$7/.

;
Ie
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Fig. 7. Composition of Ca-Mg-IFe garnet from the deep-seated xeno-
liths of kbakassian pipes and basaltoids of erruptive Shavarin-
Tsaram Center (Mongolian People s Republic).
1-4 - Tergeshskaya pipe garnets: 1 - of lherzolite paragenesis,
2 - of eclogite paragenesis, 3 - megacrystals, 4 - megacrystals
from concentrate; 5,6 — Bele pipe garnets: 5 - of lherzolite pa-
ragenesis, 6 - of websterite paragenesis; 7-9 - garnets from the
concentrate of Bardzhulskaya and Kongarovskaya pipes of assumed
parageneses, 8 - megacrystalline paragenesis, 9 - metamorphic
crustal rocks; 10-12 - Shavarin-Tsaram garnets /Kepezhinskas,
1979/, 10 - from lherzolites, 11 - Fe-Mg eclogites, 12 - eclo-
gite-like rocks.
I-IIT -~ fields of the following composition /Deep-seated xenoli~
ths, 1975/: I - majority of the garnets from lherzolite xenoli~-
ths, II - Mg-garnets of diamonds, IIT - garnets of eclogites,
diamondiferous eclogites as inclusions in diamonds from kimber-
lite pipes.

Puc. 7. CocTaB Ca -Mg~Fe rpagaToB M3 INIyCMHHHX KCEHOJATOB Xa-
KacCCKuX TpyOoK nu0asan%5§%§03 S5PYITHBHOIO HeHTpa llaBapHH-
apam (MHP).

I-4 - rpaHaTH prdgn Tepremcxas: I — ¥3 JepUoJIMTOBOI'O HapareHe—
3uca, <2 — SKJIOTATOBOIO llapareHesmca, 3 — METaRLHCTaIH, 4 — Me-
TaKpUCTaJJH W3 KOHLeHTpaTa; 9,6 — I'DaHaTH TDPYOKM bene: 5 — ma
neguoanOBoro napareHe3nca, 6 — BeGCTEPATOBOTO apaTeHes3nca;

7-9 - rpaHaTH M3 KOHIIEHTpaTa TPYyOoK DBapanxynbckad m KoHrapoBc—
Kasf MpelosaraeMHX IaparCHe3mcoB: 7 — BKJIOTHTOBOIO, 8 — Mera-
KPECTOBOT0, 9 — MOTAMOPEMYECKNX KODOBHX nopon;IO—Ié — T'pasaTH
apapHH-lapam /Kememmuckac, 1979/, I0 - n3 JepuoanToB, 11 — Fe-
Mg DKIOIMTOB, 12 — SKJIOTETONONOCHEX IOPOIN.

I-M - noas cocTaBoB /IVIyCFMHHHE KCEHOJATH,I975/: I — GOJHUMHCTBO
TpaHATOB M3 JODPHOJATOBHX KCEHOJMTOB, Il — MarHe3WaJbHHX I'DaHATOB

A3 aiMa3oB, I — I'paHATOB M3 SKJIOTHATOB, AJMA30HOCHHX SKJOIHMTOB,
BKJIOYEHE! B aJMa3a8xX B KAMOSDIMTOBHX TpyOKax.
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In eclogite paragenesis Gr is more ferruginous ( f = 22-27%)
practically containing no Gr of similar composition with the
same minerasls of eclogite parageneses in kimberlites. The pe-
culiarity of pyror. of the same nature in the above paragene-
ses is constant low CaO contents. By CaO concentration they
may be compared largely with xenoliths of the mafic and ult-
ramafic rocks from alkaline basaltoids. The study of varia-
tions in the garnet composition from a lot of concentrate
samples from Tergeshskaya pipe reveals a clear positive cor-
relation between CaO and Cr203 contents that remains for
these oxides in the pyrope of the above paragenesis ( Fig.8).
It is to be stressed that there are pyropes in the concentrate
with £ = 17%, similar in composition to Gr of lherzolite parege-
nesis but differ from it by twice as great Cr2O3 = 2.54 wt %

The composition of all other coexisting minerals of Gr-Sp
parageneses, as it may be seen from Tables 3-5 is practical-
ly the seme.

Olivines are representea by forsterite with low variati-
ons in TFeO contents ( £ = 9.5 - 11.5 %). The Ca0 admixture
in them does not exceed 0.1% being independent of fayalite
contents (Fig. 9). The CaO concentrations may, in general,be
correlated with those in Ol from the ultramafic Mg-type xe-
noliths from different regions but as it may be seen from
Fig. 9 they differ significantly from Ol in similar xenoliths
from kimberlites. The same holds true of Cr203 (similarity
with basaltoid xenoliths and difference from xenoliths of
kimberlites), though the contents of this oxide is close to
0.01 wt %.

Orthopyroxenes belong to enstatites of constant FeO con-
tents (f = 9-11%). Opx of the Gr-bearing parageneses is so-
mewhat more aluminous ( 5-6% A1203) than in Sp-associations
( 3.5 -5 A12O3 with a trend to higher CaO contents (Table 3;
Fig. 10). Still they are very similar with orthopyroxenes
from Gr and Sp lherzolites in xenoliths of alkaline basalto-
ids from different provinces of the World, Mongolia, in par-
ticular.

Clinopyroxenes of lherzolite paragenesis of Tergeshskays
pipe belong to low chrome (0.5 - 0.8% Cr203) subcalcic
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Fig. 8. Relation between CaO and Cr203 in the garnets from
Tergeshskaya and Bele pipes.

1-4 - Tergeshskaya pipe (n=163); 1,2 - garnets from paragene-

ses: 1 - lherzolite, 2 - eclogite; 3 - gar-megacrystals,

4 - gar from concentrate;5,6~ Bele pipe, gar from parageneses:

5 - lherzolite, 6 - websterite.

I-IV — fields of garnet composition from: I - wehrlite paragene-

sis, II - lherzolite paragenesis, III - harzburgite-dunite para-

genesis, IV - diamondiferous assemblages /Sobolev, 1975/

Pruc. 8. CoorHomernme copepmaHmit Cal n Cr,05 B rpaHaTax TPy GOK
Tepreuckad u Bexe.

I-4 — Tpyoxa Tepreuwckas (n = 163 ), I-2 — rpaHaTH U3 napareHesy-

coB: I - JIepIONATOBOI0, & ~ SKJIOIHTOBOI'0,3 — MeT'aKpucTawLm I'p,

4 — Tp U3 KOHOEHTpaTa. 5,6 — Tryéxa Bexne. I'p U3 IapareHes3NCOB:

5 — JepIoNMUTOBOIO, 6 — BEGCTEpPUTOBOIO.

I-I¥ - mosA I'paHaTOBHX COCTaABOB M3 Ilapale€HesmcoB: I — BepimTo-

BOro, II ~— JepuomaToBOrO, Ul — IrapuéyprUT-TYHUTOBOI'O, 1¥ - aimmas—

comepramx accoryanmii /Sobolev, 19757.
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7 8 g 70 77 72 FeO, wt. %
Fig. 9. Variations in the contents of microimpurities vs FeO
concentration in olivines of gar- and spn-bearing parageneses
from the ultramafic Mg-type xenoliths in alkaline basaltoids

of Khakasia and some other regions,
n - number of analyses, solid and broken lines of the contours
I-V -~ fields of olivine compositions from; I,1 - basaltoid pipes
from Khakasia, II,2 ~ Obnazhennaya kimberlite pipe from Yakutia,
ITI,VI - from alkaline basaltoids: IITI - Mongolia, IV - Austra-
lia, V -~ USA, VI - Hawaiian Isls.

Puc. 9. Bapmammi conepmaHH! MUEDOIDHMECE! B 3aBECUMOCTH OT KOH-

neHTpamu ¥eO B ommBHHaX I'p- n ln-comepzamux IapareHE3MCOB U3

YJIBTDAOCHOBHHX KCEHOJHNTOB Mg THIA B MEJIOYHHX 0a3aiabToRIax
Xakacuu W JPYyTHX pPeTHOHOB.

n -~ YACJKO aHANIN30B, CIUIONMHHE ¥ MTDPUXOBHE KOHTYDH I-Y - odmacr:

COCTaBOB OJKBMHEOB m3: 1,1 — Ga3anbTOHIHHX TpPyOox Xaxkacnmiu,

I, 2 -~ xamOepimToBOd TpPyOku OCHakeHHad B AxyTuu, W-YI m3 wemou-

HHY. GasambTounoB, Il — MoHronmm, IV ~ ABcTpaymmu, ¥ - CIA,

¥I ~ T'aBallCKMX OCTDOBOB.
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Fig.10. Relations between AlIV, Ca contents -and f in

orthopyroxenes from xenoliths- of volcanic pipes in
Khakasia and alkaline basaltoids in Mongolia.
1,2 - Tergeshskaya pipe: 1 - spinel-lherzolite parage-
nesis, 2 - garnet-lherzolite paragenesis; 3,4 - Bele
pipe: 3 -~ lherzolite paragenesis, 4 - websterite parage-
nesis; 5,6 - spinel-lherzolite paragenesis of the pipes;
5 - Kongarovskaya, 6 - Baradzhulskaya; 7 - the same for
Mongolian xenoliths.

Pac. I0. CooTHomeHMe COJepxaHmi AlIV} Ca 1 ®eJe3UCTOCTH
B OPTOIMPOKCEHaxX W3 KCEHONWTOB BYJKAHMUECKMX TPYyOOK Xa-
Kacmy ¥ MeJOYHHX Oa3anbTOoMIOB MOHIONHY.

I,2 — Tpydxa Tepremckad: I ~ WIDMHeIL~JIEPLOJATOBHA mapa-
TeHe3nc, < — TPaHaT-JepPUOJUTOBHI [apareHesnc;

3,4 - TpyOxa Bese, mapareHesmcH: 3 — JepLOJUTOBHIL,

4 - BeGCTepUTOBHIt; 5,6 ~ WIMHEIb-JI6PLOJATOBHI , IapareHe—~
31C TpyOok: 5 — KoHraposckad, 6 — Bapamwyiarckasg, 7 - TO
K€ B MOHI'OJBLCKMX KCEHOJNTaX.
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augites; by the major parameters of their composition they
may be correlated with clinopyroxenes of lherzolites nodules
from the World's alkaline basaltoids, described as chrome
diopsides. The common peculiarities of Cpx in Gr and Sp-bea-
ring associations is high 8102 contents (52-53 wt %) and low
AlIV, which is typical of high pressures, also low T102 and
FeO. In the Ca-Mg-Fe diagram (Fig. 11) the fields of Cpx
compositions of the above mentioned parageneses overlap,
though there is a trend to higher CaO and lower f and TiO2
in Cpx from Sp-lherzolites (Table 4). Since the bulk chemi-
stry of Gr and Sp-lherzolites is practically similar, the
observed variations in the corposition and Ca/(Ca+Mg) are
due to some insgignificant variations in the PT-conditions of
their formation, that, in general, corresponds to the facies
transition field of Sp- and Gr-lherzolites.

Spinel is of the compositions within which Al203 con-

tents vary in the range between 54 and 60 wt %, while Cr203
varies between 8 and 13 wt %; Sp of the garnet parageneses
is more magnesian ( f = 22-23 %) compared with that of Sp-
lherzolite paragenesis (f = 24-29 %). In all other respects
the difference in the Sp composition among the above mentio-
ned mineral associations is but insignificant. There is a
similarity in corresponding variations of Cr203 and A12O3
concentrations for spinel from lherzolite xenoliths of
Tergeshskaya pipe and Mongolia, though having much wider
range of variations (Fig. 12). But there naturally are some
differentiation in the composition of spinels of lherzolite
nodules and concentrate, in which there dominate highly
aluminous varieties of spinellide,

Thus the ultramafic xenoliths in alkaline basaltoids of
Tergeshskaya pipe may be correlated by their chemical com-
position, petrographic peculiarities, rare-earth characte-
ristics and mineralogy with similar peridotite xenoliths
from alkaline basaltoids of adjacent regions and some other
provinces in which there are the occurrences of mafic. vol=
canism in the zones of intercontinental riftogenesis.

The thermobarometric data (Tables 3-5 specify the PT-
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Fig. 11. Coexisting pyroxene compositions in xenoliths from Kha-

kagsian pipes in the Mg-Ca-Fe diagram. Isotherms are taken from

[Ross, Huebner, 1976/. The broken line corresponds to the soli-
dus for Scarhaard intrusion /Nwe, 1976/.

1-4 - Tergeshskaya pipe: 1 - gar-parageneses, 2 - gpn-paragene-

gses, 3 - cpx from eclogite paragemesis, 4 - cpx-megacrysts;

5 - gar-and spn-parageneses of Bele pipe; € - spn-parageneses

of Baradzhulskaya and Kongarovskaya pipes.

Pac. II. CocymecTBymmMe DUDOKCEHOBHE COCTaBi B KCOHONUTEX Xa-
KacCKIX TpyGdoK Ha mmarpawmMe Mg-Ca-Fe. [3oTepwH IIO /Ross, Hue-
bner, 1975/. IyRKTAp — JOMHAA coaumyca LA Crepraapnckoif MHTDY-
3mn /Nwe, 1976/

T-4 — rpydra Tepremckasg, I — I'p-comepremme apareHesmnCH,

2 — lln-coleprampe maparedesmcH; 3 — MII M3 SKIOTHTOBOTO mapa-—
regesnca, 4 ~ meraxkpmcrasum Iy 5 - I'p-m lin - comepwamre ma-
rarenesucH TpyOrRm Beine; 6 ~ L-colepramze mapareHe3ncH Try-—
6ok Dbapamxyieckaad ¥ KorrapoBckad.
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Figo12, Spinel composition from lherzolite nodules
and concentrate of Tergeshskaya pipeec

1 - spinels from concentrate; 2,3 ~ xenolith spi-

nels: 2 - lherzolite spinel, 3 - lherzolite gar-

net-spinels; contur~field of spinel compositions

from lherzolite nodules from slkasline basalts of

Mongolie.

Pac. IZ2. CocTap mmmHeJeil ¥3 JIEDUOJHTOBHX KOIyJedl x
KOHIIeHTpaTa TpyORE Tepremckas.

I ~ mmMHesm @3 KOHUEATpaTa; 2,3 — MIMHeJM H3 Kce-

HonuToB: 2 ~ ll jepuosmMToB, 3 — I'p-lll JEpIOJATOB;

KOHTYD — 0GJAcTh COCTABOB WIMHeJeil JiepLOJATOBHX

HoIyseit u3 MeJOTHHX GasanrTounoB MoHrosmmz.
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conditions of equilibrium of the studied parageneses within

1025-1180°C and 16-18 kbars, which together with the parage-~
netic analyses proves ianavour of the fact that lherzolite

nodules of Tergeshskaya pipe belong to the transition field

between the spinel-pyroxene and graphite-pyrope deep-~seated

facies of the Upper Mantle.

Megacrysts

The deep-seated inclusions in alkaline basaltoids of
Tergeshskaya pipe apart from the Mantle xenoliths composed
of lherzolites, pyroxenites and eclogites of the two repor-
ted types are represented by the monomineral nodules, whose
origin is less clear. These are large (up to 10 cm) single-
crystals of garnet or black clinopyroxene almost never in-
grown, sometimes containing solitary small inclusions of so-
me different megacrysts, .Similar solitary desintegrated or
undesintegrated crystals of large size of the game minerals
or different ones (phlogopite, K-Na feldspars, olivine) are
found to occur together with the ultramafic mantle xenoliths
in alkaline basalts and kimberlites of various regions of
the World. Most of the scientists dealing with kimberlites
consider them to be xenocrysts proceeding from the hypothe-
sis that there are the global zones of the Mantle composed
of gigantic mono-or poly-mineral aggregates. Most of the
scientists dealing with petrology who studied these crystals
in basalts have come to a conclusion that they have some af-
finity with the host rocks and megacrysts considering them
to be the near-liquidus high-pressure phases to crystallize
from the melts of some definite composition within the Upper
Mantle.

Pyropes of Tergeshskaya pipe are not of large size ,
though larger than the grains from the aggregates of Mantle
xenoliths and phenocrysts of enclosing basalts. Their dimen-
sions vary from 2 cm x 1.4'cm to 4,5 x 3 cm. The shape is
irregular, angular or rounded due to the reactionary relati-
on with the enclosing lava with which megacrysts are unequi-
librated in surficial conditions. Their FeO value is twice
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the f of the garnets from lherzolite xenoliths (32-52 %) and
12-17 %, respectively, being much higher than FeO value of
pyropes of eclogite paragenesis (f = 22-27 %) of the eruptive
center (Table 5). They are practically chromeless ( Fig., 8 )
and have higher Ti02( TiO2 = 0.5-0.7%) than the pyropes of
both lherzolitic (0.02 wt %) and eclogitic (0.1-0.2 wt %) pa-
rageneses. .

Clinopyroxenes are repregsented by highly aluminous augites
of peculiar composition that by chemical composition, morpho-
logy and conditions of occurrence are similar to tschermaki-
te pyroxene megacrysts from alkaline basalt provinces of all
the continents. They also have specifically high A1203 (8-9wt%)
and lower CaO (14-16 wt%) (Table 5). But among the above menti-
oned compogitions they differ in having somewhat lower contents
of jadeite especially compared with high-pressure clinopyroxene
crystals from Mongolia. From clinopyroxenes of both the lherzo-
lite and eclogite paragenesis of Tergeshskaya pipe they are
distinguished rather significantly as it may be seen from the

Ca-Mg-Fe plot (Fig. 7).

Thus the composition, shape and conditions of occurence of
Gr and Cpx megacrysts highly differ from those of similar mi-
nerals of the mantle xenoliths with which they do occur in
Tergeshskaya pipe basaltoids. But at the same time there was
fixed a great similarity of the above parameters with the wide-~
spread Gr and Cpx megacrysts that have the affinity with the
monomineralic deep-seated inclusions in basalts.

Bele Pipe

The volcanic pipe has the shape of conic hill about 100 m
high located in 2.5 km north of the Bele lake. It has complex
structure (Fig. 13). The central part (100 m in diameter) of
irregular shape is composed of tabular basalts whose outcrops
terminate the hill. The marginal facies is composed of the we-
athered Fe-enriched explosive volcanic breccias covered with
the bore-holes and channels presumably in the floor of the
hill slopes.” Basalts contain a number of crustal and mantle
xenoliths of the dimensions from 1 cm to 20 cm as well as me-
gacrysts,
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Fig. 13. Schematic map of Bele pipe
geologic structure.

1 - alkeline basaltoids, 2 - errupti-

ve breccias, 3 - palaeozoic terrigene

hosf- rocks.

Puc. I3. Cxema TeOJOTHYECKOTO CTDOSHAA
TpyOKE Bese.

I - mesouRHe Ga3aiXETOMNH, 2 — JPyOTVB-—

Hye Opekdmu, 3 — BMeljaomme TLyOKYy Tep-

LUTEHHHEe Maleo30fCKMe TOJIIH.
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The host rocks belong to elkaline basanite type basaltoids
(Table 6, Fig.3) which are practically similar to Tergeshskaya
pipe lavas and differ from them only' in lower alkaline
contents (Na20 + KQO = 4-5 wt % and 5-6 wt %). Among the
phenocrysts one can find augite and Ti-augite (Table 8) that
highly dominate over olijvine.

Deep~-seated Xenoliths are composed of the fragments of

crustal (granulites) and mantle (lherzolites, pyroxenites)
rocks. The latter make up a very specific collection of xe-
noliths typical only of Bele pipe and not of some different
volcanic pipes of Khekassia, in which pyroxenites dominate
over lherzolites and Fe-Mg rocks of the (black) series make
up the sbundance versus Mg (green) series. Among the latter
there occur both the Sp-parageneses and garnet-lherzolite
and garnet-websgterite mineral associations, in which garnet
is present along with spinel. In the magnesian series Gr-
websterites and Sp-diopsidites of Fe-Mg series are composed
mainly of spinel clinopyroxenites (augitites) with practical~
1y monomineral (Cpx + Sp) and sometimes wehrlite (01l + Cpx +
Sp) paragenesis. The ultramafic Mg-type xXenoliths are gene-
rally similar by the bulk chemical composition with those
from Tergeshskaya pipe (Table 6, Fig. 5). But there are pre-
sent solitary spinel clinopyroxenes of higher Ca content (up
to 17 wt % Ca0) that are rather deep-seated ultramafic cumu-
lates of alkaline-basaltic magme (Table 6, Sp. II). A peculi-
ar composition of megacrystalline association from Khakassia
proves in favour of this evidence, in which present are both
high--aluminous augite and spinel.

Garnet compositionally (Tables 7,8) corresponds to two
varieties of varying TFe/Fe+Mg ratio (17-21 % and 29%) as well
as to Cr203 content (1.83 - 3.57 wt% and 0.29 wt %). They we-~
re found present both in xenoliths of corresponding paragene-
ses and in concentrate of heavy fraction being typical of
lherzolite and websterite parageneses. Garnet of websterite
from Bele pipe, as shown in Fig. 7, is very similar with that
of eclogite paragenesis of Tergeshskaya pipe, while pyropes
of Bele pipe lherzolites are similar with those from Tergesh-
skaya pipe lherzolites. Moreover, the garnets from Bele pipe
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are distinguished from Tergeshskaya pipe by CaO and Cr203 (Fig.
8). The garnets of lherzolite paragenesis are highly chromife-
rous and those from websterites contain low Cr203 in the same
way as pyropes in Tergeshskaya pipe eclogitess

Olivines are similar with forsterites of Tergeshskaya pi-
pe, though the varieties with CaO admixture are uncommon of
them,

Orthopyroxenes 1in the same ways as the garnets are compo-
sed of the two varieties of enstatite (f = 9~11%) in lherzo-
lite parageneses and bronzites (f = 16%) in websterite para-
geneses with ferrous garnet (Fig. 10).

Clinopyroxeneg of Gr and Sp-parageneses are mainly similar
with these minerals in certain mineral associations of Tergesh-
skaya pipe xenoliths. The exclusion from this general <trend is
websterite containing bronzite, iron-rich garnet along with
&#ssociated Cpx rich both in CaO and FeO.

Spinels in the same way a8 these minerals of Tergeshskaya
pipe xenoliths constitute a wide range of compositions with
isomorphic substitution of Al and Cr. Nevertheless, Fe-Mg spi-
nel of websterite paragenesis stands apart from high FeO con-
tents (34%) and very low Cr203 contents {3%) (Table 7). In
the Gr and free of Gr parageneses spinels are specified as
follows: £ = 23-31%, AL,045 = 46-53% and Cry05 = 7~18%. Thus
the most aluminous and low chrome ones are the spinels of Fe-
Mg type pyroxenites. The spinel compositions from Bele pipe
concentrates correspond in a greater degree to a low chrome
varieties, whose source possibly was lherzolites and pyroxeni-
tes. But also chrome spinellide containing up to 40% Cr203
are found to occur, whose analogues have not been so far
found from the mineral associations (Fig. 14).

Thermodynamic parameters for the studied Gr and Sp parage-
neses were evaluated as 900-1020°C and 13-16 kbars (Table 7),
which corresponds to similar though less deep-seated levels
of the Upper Mantlie compared with xenoliths of Tergeshskaya
pipe, all belonging to the same intermediate spinel-pyrope
and graphite-pyrope deep-seated facies.

Megacrystalline Association 1is composed of the large (2cm
X 5 cm) spinel and clinopyroxene crystals of the composition
similar to high-aluminous gqugite from Tergeshskaya pipe

30



62-®°
L] 3 L4
..).
‘B 4 + 2
o © ®o
° ° Gu#'ﬂa D3
- °
54 OO
& ° L ] ..
< Oy .
3 ° A
. ©
Q:46— ° +o°
3 o
7 )
.
° .
38 - .
°
.

& . [ [ 1 I T
4 8 72 16 20 24 28

CFZOS' wt,%

Fige14. Spinel composition from concentrate and
xenoliths of volcanic Bele pipe.

17 -~ spinel from concentirate; 2,3 ~ spinels from

paragenese: 2 - spinel-bearing, 3 - gernet-

spinel-bearing.

Prc. I4. CocTaB wmuHesell Y3 KOHOEHTpaTa M KCEHO-

JHETOB BYJKaHMIeckodl Tpyoxm Beie.

I - mmHesM W3 KOHOEHTpaTa, 2,3 — MIAASJHM #3 Ia-

paredesycoB: 2 - IIMHEJIECOIEpEAmETro, 3 — I'DaHaT-

LOEHEeJbCOIe XEamero ..
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Kongarovskaya end Baradzhul'!skaya
Volcanic Pipes

The volcanic pipes considered here are spatially separated
but by the peculiarities of their geologic structure and rock
compositions belong to a single »Tergeshskaya pipe" type of
garnet-bearing pipes of complex structure. Kongarovskaya pipe
is located at-the left bank of Chulym river near Kongarovo
village. Baradzhul'skaya pipe is about 1.2 lan east of the ex-
"ulus" Bgradzhul. Planar view provides some oval bodies 100 m
X 140 m and 160 m x 140 m in diameter (Fig. 15) that in the
relief look like the cone-shaped hills up to 50 m high. In
the same way as Tergeshskaya pive they are polygenic structu-
res whose- formation was due to, at least, two stages. The
early explosive stage is fixed by eruptive breccias that in
Baradzhul *skaya pipe make up a wide outer ring , in Kongarov-
skaya pipe in the recent section make up 70% of the bulk of
she rock with a trend to the marginal parts of the pipe. Thes
post-explosive stage is specified by intrusion of basaltoids
forming well preserved necks with a horizontal fine-tabular
jointing (Baradzhul 'skaya intrusion) and abundant dyke bodies.

Bagaltoids belong to the least 5i0, saturated (44%) rock
varieties of Khakassian volcanic pipes, that reveal high al-
kali content (Na20 = K,0 = 5-6 wt %) and magnesian contents
(up to 12 wt % Mg0O) (Table 9, Pig. 3). Among the phenocrysts
there dominate clinopyroxene-olivine rock series. Variolitic
textures are found to occur but they are of local importance.

As nearly all the pipes, in which eruptive breccias are
found in abundance the pipes considered here contain a great
number of crustal and mantle xenoliths of both rounded and
angular shape of maximum dimensions up to 30 cm. Zoned xeno-
liths have been fixed in the case when the margins of the
pipes are rich in the crustal fragments of mantle rock (up to
20% of the total bulk), while in the central parts:the mantle
rock fragments are concentrated. Along with the fragments of
terrigene host rocks there are found abundant xenoliths fine-

32



€e

Vovlr (L e[ Js

FPigs 15. Schematic map of geologic structure of Kongarovskaya pipe (A), Beradzhulskaya pipe
(B), Krasnoozyorskaya pipe (C) /Kalmikov, 19637.
1 - erruptive breccias, 2 -~ basaltoids, 3 - Devonian terrigene host rockse.

Prc., I5. Cxema reoJOTEIECKOIO CTPOSHEA TpyGoX Komrapobcko#r (A), Bapamryxnbcko (B), KpacHo-
osépcrofk (C) /Kammmxos, 1963/.
I -~ spynTEBHHE OpeKIEM, 2 — Ga3alkTORIH, 3 ~ BMEMAapiEe TODDUTEHAHE OTJOXeHHS H6BOHa.



ly banded that are likely to form lower granulite-pyroxenite
horizons in the crustal section of this region.

Mantle Xenoliths are répresented by various petrographic
varieties of both the ultramafic and mafic composition:

lherzolites, wehrlites, clinopyroxenites of Mg-type (diopsi-
dites) and Fe-Mg type (augitites), also eclogites.

The ultramafic xenoliths practically do not differ by
their bulk chemical composition from those of Tergeshskaya
pipe (Table 9, Fig. 5). The garnets that were found to occur
in the concentrate of the two pipes compositionally corres-
pond to the garnets of eclogite paragenesis from Tergesh-
skaya pipe xenoliths and, perhaps, to Gr-granulites of reta-
morphic layer in the lowermost part of the Crust (Table 9,
Fig. 7). The former are specified by low Cr203 (0.45 wt% and
f = 25). The second ones are chrome free almandines.

Sp-parageneses are mainly of Mg-type but the composition
of the associated minerals vary in a wider range ‘than those
fixed for Opx, Cpx from Tergeshskaya pipe. Apart from para-
geneses in which f-value of 01, Opx, Cpx does not exceed ge-
nerally 11% there are also spinel lherzolites in which f-va-
lue of these minerals is up to 15-16% (Baradzhul®skaya pipe)
just as in some varieties in Bele Sp-lherzolites {Tables 7,
10,11). Among orthopyroxenes there are present both enstati-
te and bronzite having variable A1203 contents (Fig. 10).The
coexisting Opx, Cpx pairs compositionally coincide in the
Ce-Fe-Mg diagram with those of Ter'geshsiaya pipe, so they
were plotted only in part. Still it may be seen that pyroxe-
ne of higher FeO contents can be separated in the same way
as the low-temperature Sp-lherzolite parageneses from the
Bele pipe. Spinels of this paragenesis correlate by all the
parameters with the above ones. The trend towards higher f-
value (48%) was fixed only for more ferruginous varieties
of Sp-lherzolites (Tables 10,11). Some classical correlati-
ong vwere also found for similar parageneses between'A1203
and Cr203, though no high chromous compositions were found
for the xenoliths (up to 52% Cr203) that demonstrate spinels
from Baradzhul'skaya pipe concentrate (Fig. 16).
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Megacrystalline Rock Series in a sense can be distingui-

shed among the Khakassian volcanic pipes as along with the
highly baric phases of augite and pyrope, basaltoids contai-
ning large (5-6 cm) K-Na feldspar crystals similar to Mongo-
lian saenidines (Kepezhinskas, 1979).

Geothermal data of the parageneses studied coincide with
the earlier ones for Sp-lherzolites or 1147-980°C.

Krasnoozyorskaya, Three Brothers and Other Pipes

AMmong the mantle xenoliths of "this pipe group only Sp-
parageneses have been found tobe present. The pipes themsel-
ves are basaltoid necks with the exception of Krasnoozyor-
skaya pipe composed presumably of eruptive breccias. Their
formation is associated mainly with lavas and lava breccias
intrusions, though few of the later basaltoid dykes are also
found to be present. They are of limited dimensions , simple
morphology and more or less homogeneous inner structure, The
basalt neck 5 km south-east of Tergeshskaya village, the "
"satellite” of Tergeshskaya pipe has only 24 m x 15 m.

Three Brothers pipe is also a group of the same small
necks having néarly regular rounded shape. The largest (260m
x 60 m) is a basalt neck 1 km north-east of the village
Kongarovo, a "sattelite" of Kongarovskaya pipe.

The lavas forming necks belong to the typical represente-
tives of alkaline basaltoids correlated with basaltoids from
different piﬁes of Khakassia (Table 9, Fig. 3). Eruptive
breccias of Krasnoozyorskaya pipe have somewhat anomalous
composition, in which the mineral contents of SiO,= 43.6 wt%
corresponds to maximum contents of alkalies (Na20+K20= 6 wt%).

Among xenoliths both crustal and mantle rocks are present.
The latter are Mg-type lherzolites and Fe-Mg type pyroxenites.
By the bulk chemical composition and composition of minerals
(Tables 9,72,13) they are similar with ultramafic xenoliths
of the above described pipes. Moreover, in Krasnoozyorskaya
pipe as well as in Bele and Beradzhul'®skaya pipes both Mg
Sp-lherzolites (Sp. 10/6, Table 12) and more ferruginous
varieties (Sp. 10/5, Table 12) are present. Hence, one can
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see roughly the same range of variations in the thermometric
data, or 990-1100°C for the equilibrium temperatures of pa-
rageneses under study.

CONCLUSIONS

Thus during the field trip in Khakassia the participants
of the International Symposium - "Composition and Processes
in the Deep-Seated Zones of Continental Lithosphere" may ha-
ve an opportunity of seeing the peculiarities in the Meso-
Cenozoic volcanic activity in the zones of intercontinental
riftogenesis, also to have a view of the rich mineralogy of
various deep-seated inclusions contained in the products of
volcanic activity. Geologic and geopetrologic study of alka-
line basaltoids and their crustal and mantle xenoliths per-
mit one to conclude on the composition, structure of the
Earth's Interior of the region, to reconstruct the crustal-
mantle cross-sections applying paragenetic analysis, diag-
nosis of xenoliths of the deep-seated facies, to fix the P-T
conditions of various xenolith group formation using thermo-
barometric calculations corresponding to specific P-T ranges.
The ultramafic and mafic inclusions in basaltoids and erup-
tive breccias of volcanic pipes are specified by a variety
of mineral parageneses and rock types. Among these present
are spinel and spinel-pyrope lherzolites, websterites, wehr-
lites, clinopyroxenites and more uncommon harzburgites and
eclogites. Pyroxenites are found to be present as two types:
Mg and Fe-Mg types to differ in the composition of the same
mineral phases. Visually it is expressed by a green and
black colours of xenoliths. As for the temperature, the above
mentioned matter fragments of the deep-seated zones range
between 980 and 1157°C; the pressure ranging between 13 and
18 kbars. The parageneses studied have shown that the most
deep-seated xenoliths are those of Gr-Sp lherzolite paragene-
gisg (T = 1109—J144°C) (P= 16-18 kbars) and eclogite paragene-
sis (T = 1180°C, P= 16 kbars) of Tergeshskaya Pipe, which
corresponds to transition zone between the Sp-Py and graphite
pyrope deep-seated facies of the Upper Mantle. ( The facies...
1975). More detailed vertical succession of reconstructed
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deep-seated cross-section may be illustrated by a global chan-
ge of this Mg-eclogite-lherzolite section with coexisting Gr
and Sp relative to a less deep-seated pyroxenite-lherzolite
ones and Sp-rock series of the same Mg-type. Up the section
one may expect rather lower-temperature Fe-Mg pyroxenites
with wehrlites of subordinate importance followed by granuli-
te-pyroxenites with eclogite-like rocks corresponding to the
bottom of the continental crust or its transition zone to

the Upper. Mantle.

It is to be stressed that even within a limited region of
basalt occurrence with the deep-seated xenoliths over the sta-
tistically dominating rock types from various volcanic pipes
there may be fixed a lateral inhomogeneity of the Upper Mant-
le. In the south the dominating role of structure of the deep
seated zones belongs to Sp- and Gr;pyfoxenites (Bele Pipe),
while in the northward and eastward directions there can be
seen the domination of pyroxenite-lherzolite type of section.

Geochemical characteristics prove in favour of the fact
that the source of the deep-seated xenoliths and the origi-
nal subsrate for the alkaline basaltoid melts was the Mentle
type rich in the light REE;.in some sections this Mantle
type was metasomatically altered. The appearance of such ty-
pes of essentially pyroxenite metasomatic Mantle together
with primitive undepleted lherzolite mantle is a characteris-
tic peculiarity of the zones of intercontinental riftogene-
sis.

The above xenolith localities may be put in the same rank
with the most interesting ones in Australia, New Zealand,
Mongolia and Hawaii.
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BBEIEHUE

[IposiBiIeHBA MEe303G#CcKOT0 X KatHO30MCKOTO mesoIHO-GasalbTORI~
HOT'O BYJIKGHH3Ma IMPOKO DACIPOCTDaHeHH B  IlleHTpaslbHO-A3EaTCKOM
CKJIangaToit 06JacTH, BXIMIaNMe} mEEHe TeppmrTopEd CCCP,B TOM wmC-
Je XaKacCKyn aBTOHOMHYM.OGJacTh, T'Ie PACIOOJOREHH MHOTOIHACJICHMHE
BYJIKQHAYECKHEE TPyOKH C IJyOEHHHMH BKJNYOHAAME. OTH 0Cpa30BaHHUA
CBA3aHH C 3TaloM HoBefille TeXTOHOMarMaTH4ecKO} aKTHAPH3alMH Dpe-
THOHa, KoTopasd HamGoJee HHTOHCHBHO pasBMBAJachk B TeUYeHHe KalHO-
30idcKOor0 BpeMeHH, HO DeLBHe NLU3HAKE ROTOpO# JoKaJJbHO QHKRCEpy-—
NTCA yEe B KOHIe Me3030d. BeIymuM TEeKTOHHIECKEAM IpOIEeCcCoM,0lyc—
JIOBMBIAM BYJKaHWYECKHE ABJICHEA, GHJ pEYTOTEHE3 KOHTHHEHTAIBHOH
Jmrocfep. OH mpwsEn Kk opvmpoBanmw baitkanecko#t pmproBo#t cmcre-
MH Z CBA3AHHHX C Hep pHTOBHX CTDYRTyD MoHronrm, TyeH m Xaka -
CEH. BHyTpEKOHTEHeHTaNbHHE pE@TOreHe3 COIPOBORLAICA MEJOIHO~Ga—
3aJbTOANANN ByJKaHA3MOM,Hau0oJee paHHEe OPOABIEHEA KOTODOTO yC-—
TaHaB/MBAWTCA B pafioHe, IpelylaraeMoM BHEMAHEK YyYACTHHEKOB MERIY—
HapOJHOTO CHMIIO3ZyMa.

ByJxaHZ9ecKZe TPyOKHA COCpelOTOYeRH B JIOKaJBbHOX oGiacTH,Ipd—~
YDOUEHHO! K 30He COWISHEHHA CAMHX CEBEepDHHX MTOKDOBHO~CKJIANIATHX
KaJeJOHCKMX CTPYRTYD LleHTpIrEHO-ASHATCKOT'O CKJIALIaTOro mosAca ¢
Me3o30iickolt 3amapHo-CrOmpcko#t mimToit,3neck BHIENAETCA MmHAyCHH-
cyall IeBOHCKO-KAMEHHOYTOJBHHN MERTODHHI IPOrEG, OO CeBepHO# me-
pudeprm koToporo B Opelenax YyJsmmo-EAmceiicko# BmanwHH pacmosa-
TaeTcsa CBOEOGDasHHA apeal mMEIOIHO-0a3aNbTOMIEOTO ByJKaHE3Ma. OH
OpellCTaBJIeH MOYTHE HCKINIMTENEHO KODHEBOi CHCTeMOoll ByJKaHMYECKHX
H3ASTEE B BHJE CJIORHO OOCTDOSHHHX BYJKaHHYECKEX TDyGOK, JaBO-—
BHX HEKROB H MHOTOUACJEHHHX JaeK. [loxpoBHad ¢aiEa He 3a@EKCcEpO-
BaHa.ByJRaHAYecKNe OOpPOIH OPOPHBamWT CamHe MOJOJHe B paitoHe Tep-
DETeHHHe OTJOREHHA NeBOHaA E KapOoHa. Ha 3TOM OCHOBaHIEM N&DBHE
HCCJIENOBATeJM 9JTHX IOpoL  OOPeleliiI ;X BO3pacT B HHTEDPBAIS
Be[XHAA mepmb-Tpuac /Mywmkmi, I960; Kpmkos, 1963, 1964, 1968/.
AGCOJITHO® H30TONHOe [aTEpOBaHMe, BHIMIHEHHOe 1A OEDKOHOB  H3
KOHIleHTpaTa TpyCk:m Dete B reodmsmueckoit sadopatopmm  MHcrHTyTa
Kapuerm, CIIA, maér 2061>b/238U BO3pacT BHeIpeHHA 0as3aJbTOXIOB,
paBHHuH 77,9 wm Jer /T.IsBHC, yCTHOe coodmeHme/ .

Marepmamu U.B.Jlymnmxoro m A.B.KpoKoBa DOKa3HBawT, 9TO BYJ-
KaHMIEeCKHe TPyOKA ¥ Jaitk:m cfpyxmxponaﬂu mo mepu@epmu KoneeBcko-—
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TO KYOOJOBHIHOTO HOJHATEA (pme. 1) B OpuypodeHH K (MieKcypam ce—
BepO-3alalHoTo IIPOCTHEDaHAA, 3aJIOKCGHHHM Ha TJyOHHHHX pasjoMax.
BunensgeTca TpE ydacTKa, B KOTODWX CKOHIIEHTpMpoBaHO Gojee 20 K-
CTPY3EBHHEX TeJ. JTO ceBepHHIl yduacTok B dacceiiHe pex: YyJumm Giu3
IepeBHM KoHrapoBo, 3amajipuit — BOJH3HE 03epa YIyM B cTaHmue Koms-
€BO ¥ FREHI! — MeRIy o3epoM bese ¥ nepeBHAMM KoryHek u Teprem
(cM. CxeMy SKCKYpPCHOHHOTO MarmpyTa).

ORIME CBLRIEHAA

BysaHudeckue TpyOku o6pasynT Xopomwd BHDameHHHe B peabede
KOHYCOBHUIHHE XOJIMH, BO3BHIanM@ecAd Hal, OKpyraomeit MecTHOCTEHO Ha
30-60 M. OHE mMEmT OKDyIJIHe odepTaHmd, AuameTp or 80 1no 540 M
¥ XapaKTepHA3YHTCH CIORHNM BHYTDEHHMM CTPOeHMeM. JlaBOBHE HEKKM
OGHYHO GoJiee MEeJIRAX DasMepoB B pasHooOpasHolit mopdosorud, mAailk;
nocterapT [0-I5 M MOMHOCTE ODY OPOTAREHHOCTHM 10 HECKOJIBKAX CO-
TeH MeTpOB. B meisioM 3T0 MHOroasHHe 06pa30BaHEA,CJOXSHHHE 3pyI-—
TEBHHMY ODEeKuMsME, B H3MEHEHHOM LEMEHTe KOTOpHX HalmoIalTCa pe-—
JIMXTOBHE CTPYKTYDPHO-MEHEpaJOTAYeCKAe ODPA3BHAKE BYJKAHAYECKAX [O-
pon, ¥ GasanbTamy, KOTODHE ARIANTCA TAOAYAHMA  [ODENCTaBATEJIAMA
MENTOYHO~-Ga3anbTONIHOTO MarMaTUIeCKOTO THIA.

BasanbTH ¥ OCOGEHHO SpyITHBHHE GDeKINH IepOHOJHeHH OGJOMKa—
MU [A3HOOGDaSHHX IOPOJ M MOHOMUHE DANBHHMU BKJIOYEHUAMM, MCCJIEIO-
BaKHveM KOTODX 3aHUMAIMCE MHorme reoior® /KpwkoB, 1962, I1968;
Kyronms, I972; BranmvgpoB ¥ 1p., 1976; Kocriox u 1p., I977 n
1p./, a Takwe aBTODH NAHHOTO MyTeBomWTead. CyMMupys DesyJnTaTH
3TOC M3y4eHHd MH BHNUOJAGM TDM KPYOHHE TDYINH BKJINYEHMI: KODO-
BHe KCEHONUTH, MaiTmiHHEe KCEHOJMUTH ¥ MOHOMUHEeDAJBHHe BKJWNJYEHHS,
M3BECTHHe I[IOJ HasBaHMEM MerarpUCTallJloB, COCTAB E I POMCXORISHEAE
KOTODWX CYNECTBEHHO DasindanTCd.

KopoBre KCEHOJWTH OpelCTamleHH pasHooOpas3Hod rpymmoit oca-
IOUHHX, MarMaTHIeCKHEX X MeTavMopimueCKMX OODOXL. HamGosee BamHHME
ARNANTCA MaJOM3YUEHHHE L0 HACTOSMEero BpEeMeHN KCEHOJATH I'DaHyJId—
TOB H 3KJOTMTONONOGHHX IOPOL, COIe[RaliX MHPOpMAailM® O CcocTaBe
X CTPOEHMM IVIyOMHHHX 30H KOHTMHEHTaJIBHO# KODH.

MaHTIiHHe yJIBTPAOCHOBHHE M OCHOBHHE KCEROJHTH M3YyYeHH 3Ha-
QETEJIEHO Jydlle, 9TO [O3BOJAET BHIEHATE CDeLX HEX IBa THOA: Mar-
He3majpHHEe (ig) ¥ RENE3HCTO-MaTHEe3HAJBHHE (Pe-Mg) KCEHOJHTH,KO-
TODHE 10 DasHHM KJacCHEQuKAldAM COOTBETCTBYIT "3eqEHOR" cepum c
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Xpomauoncuaom wi¥ tumy I m "gEpHo#" cepmM ¢ aBrETOM WM THmy I
/ Wilshire, Shervais, 1975; Frey, Prinz, 1978 = gp./. MarHesm—
aNbHHY THD KCEHOJHTOB DACCMATPMBAEMOI'0 DOU'MOHa IIPSACTABJEH B
OCHOBHOM T'DaHATOBHME M MIMHEJEBHMY JIEDUOJHATAMA, DORE BepAETAaMM,
IHOICHIATAM! M 3KJOTHTAaMH. [[eTpOJIOTHA KCEHOJHTOB MarHe3HaJbHOT'O
THIa ONHO3HAUHO yKasHBaeT Ha MaHTURHHY! T'eHe3:C 3TEX 0Cpa3OBaREi.
EenesmcTo-MarHesmanbHER THEI HEONHODPOIEH IO IIPOHCXORIECHHMD OCheln-
HfileMHX EM mopol. C onHoll CTODOHH,OH BKJIOYAeT  KJMHOIVDOKCEHHTH,
BeGCTEPUTH M 3HAYATEJHHO peXe WIMHeJEeBHEe JepLUOJATH,KOTOPHe GOJb—
IIMHCTBOM HCCJelloBaTesJelf paccMaTpHBawTCA KaK PparMeHTH BemecTBa
BepxHelt maHTEE., C Ipyroif — B HEM IPUCYTCTBYWT NMUPOKCEHUTH, MUHE-
PaJOTO-reOXEMAIECKAe IPA3HAKE KOTOPAX HO3BOJNANT CIUTATE XX YJE-
TPAOCHOBHHMA KymMyJaTaME MEJOYHO-Ga3albTORNHOM MarMi.

TpeTesl Tpynlia MOHOMUHEDANEHEX BKJOUEHEN oO0belyHseT KpyIHHEe K
Jle3MHTEeTrPAPOBaHHHE ONMHOYHHE KPHCTAJJH [EPONa, BHCOKOIVIMHO3EMMC—
TOr'0 aBT'WTa ¥ CaHHIMHA. OHE HeCyT MWHepaJor'o-IIeTpOoJOTMIecKre
IpA3HAKA BHCOKOGapMYECKVX MEHEepaloB, HO HMENT AHCKYCCHOHHOE IpO-
AcxoxJieHne, OCHYHO MX DpaccMaTpMBART B KadeCTBe TJYOHHHHX OJus-
JMKBHIYCHHX (a3 MaHTIGIHON KpACTALM3ALMM MEJOYHHK (GasajbTOHJOB,
m B 60Jiee PeJIKMX CJIydadX TPaKTYT B KaueCcTBe KCEHOKDHCTAJJIOB.

C TOuKHM 3DEHMA KCEHOJHTOB M BMEMAKMEX [IOPO],  BYJKaHAUYECKZe
TpyOkE XaKacH®m H3Y9IeHH HeOJHHAKOBO,IO3TOMy lajbHeilmas XapaxTe-
PUCTHKA MX IIpUBElleHa C DasHO#t CTeleHbl JeTaJbHOCTH.  HamGosrbuwit
EHTepeC, KaK HCTOYHZRZ HHPOpMalZM O CTDOEHMM K COCTaBe BepxHei
MaHTHH, IIpelCTaBT TPYOkH Tepremckas & bese, B KOTOPHX OCHapy-
REHH IMAPOIOBHE MOEPUAOTHTH X 9KJOTHTH.

[IpFHATHE COKpameHus

T'p - rpanar
MII - MOHOKJHHHNH I POKCEH
Qi - onMBER
PII - pomOmueckmi mMipoKceH

ln - wmHeasb
f Fe/(Fe + Mg) aT.%
TWICJO aHaM30B

I
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TPYEKA TEPTRNCKAA

9TO OJHa M3 HamGoJee XOpoWo X NEeTalbHO M3YIeHHHX [LHaTpeM,
DaCIOJIORERHHX B I[IOJI€ Da3BATHSA NEBOHCKMX TeDpATEHHHX o6pa3oBaHuii,
IpelCTaBJIEHHEX KDaCHOLIBETHHMN H3BECTKOBUCTHME NTeCYaHHKamd, ap-
TWLUIATAME C IONIZHEHHHME MepreJsMu u Tpapesmrami /Kpoxos, 1963,
1964, 1968; Kyrommu, ®posmoma, 1972; Koctwx Z mp., I977; Codoses
1975 1 np./. OK30KOHTAKTOBO@ BO3NEHCTBME BHEIPUBINXCA MaIMATH-
9eCEKMX LIOpOJ He3HATIHTEJBHO ‘M CBOILMTCA IJIGBHHM o6pasoM K JQe-
GopmauoHHHM S@exTam (WsTmGaHMe M IMOINHATHE CJOEB,HIeKcypoodpa—
30BaHMe, DaspHBHAA TEKTOREKAa). MopfoJsormueck:m TpyOka IpaKTUIec—
KE He BHpaxeHa Ha IOBEPXHOCTH, ¥ TOJEKO 4YacTh e, ciloxeHHad Ga-
3aJbTaMi, O0pasyeT BHIAWLYWCA Hal OKpyxaiome#l DaBHUHOX KOHyCO-
BUIIHYH colky BHcoToit 1o 40 m. Ilo maTepranam MarHATHOX CHEMKE K
TODHHM BHpaGOTKaM yCTaHaBIMBAaeTCA CJIORHasA KOHWIypalmsa IByX
GJIE3KODACIOJOREHHHX TPyG00oOpasHHX Tesa (puc. 2) ¢ pasmepamu 540
x I20-230 m u I80 x I00 M. OHE cierka BHTAHYTH B C3 HampaBie-
HUM OapajieNbHO IRADMMCKON QUIEKCYLe M CBA3AHH C TEeKTOHUYECKAM
HapylleHaAMy, OIePARIMMA KDyIHHE Das3JoM.BHapiIAeTcd BOPOHKOOGDa3-~
Haa dopma Tes ¢ KpyTHM (40-60°) mameHmeM KOHTAKTOB BHYTDH TpPYG-
K4,

Tpy6xa Tepreuwckas CJOReHa 3PyNTHBHHME CpekuwsimMi X Cojee
[IO3JHUMA BHEIDEeHIAMU HeCOJEIMX OCBEMOB 0a3albTOB,  OCpasywyX
meaxue (mo I0 M B mwaMeTpe) WTOKE C MHOTOYUCJISHHHME amodmsamu u
Lalixami,

OpyITEBHHE GpeXTME MpPeliCTABLINT COGO! CHJIBHO H3MEHEHHHe By~
KaHOTEeHHO--0GJOMOYHHE IIOPOIH , IEDEIOJHEHHHE KCEHOJMTAMA BMELAIMIX
LIeBOHCKUX U4 CoJiee ILDEBHMX KODOBHX LIODOX, X COlepmaupe TaKkke B
HECKOJIBKO MEHBIIEM KOJMIECTBE IJIYOHHHHE BKJIOYEHMA.OHN DasiinganT—
CA TJIaBHHM 00pa3oM COOTHOMEHZeM KODOBHX ¥ MaHTHHAEHX KCEHOJIATOB
I OTHOCHTEJEHHHM pacIIOJOXeHHmeM B IpeliesqaX Tpyoku (pmc. 2),Haudo-
Jiee WADPOKO MpelicTaBleRH Opexwmu [[-f dasH, odpasynmie OCHOBHYD
qacTs TpyOkm Tepremckasd. bpexumm I-# $asH COXpaHWMCE JaWb B
BHlle HeGONbIMX QLarMeHTOB MOWHOCTEN 18-25 M IO CeBepHoH neprde-
THE OVaTpeMH, a aHajorwgHHe ImopoiH i dasH memxoM o0pasynoT
HeGOJIENOe M30JMPOBAHHOE TEJO HemocpelcTBeHHo ¢ CB, mpeincTaBismo-
nee CKOpee BCET'O OTBETBJIEHME WMIE amo@sy OT IJIaBHOT'O TPYySOIHOT'O
CTBOJIA.

Takum 06pasoM, paccMarprBaeMas Luarpema Ouia cQopmupoBaHa B
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HECKOJIBKO STalOB NeATeNBHOCTH TepreucKoro 3pyOTHBHOTO leHTpa, B
Ipomecce KOTOpOff MeHsCE He TOJBKO THIOH M3BEDxeHUd (OEDOKJIAC—
THYeCKHE SKCIJIOSHEW, JaBOBHE HM3JMAHUA), HO M COCTAB IDONYKTOB
BYJXaHU3Ma, KaK 3TO cJelyeT 3 TaCJRIH I*. AHains HamMeHee BhH-
BETPOJHX C MIHMMAJNEHHM KOJHAYECTBOM HMHODOIHHX BKJIOYEHm o6pas-
OB SpPyNTHBHHX OpeKuwmit IOKa3HBaeT, UYTO MarMaTHYeCKAe IPOAYRTH
OepRHX 3TamoB JOpMMPOBaHMA JHATPEMH OTJIMYAJHACH OO COCTaBy OT
GasaHuTOB (mHaapHOro sTama (pmc. 3). OHE GWm GoJee RpeMHeHa-
CHIEHHHMZ, ZEJEe3WCTHMA M, CYIA IO OTHOCHTEJIHBHO MEHBIMM KOHLEH~
TPAUW™M Ti0, @ P,05 , MeHEee MeJIOTHHMI, npul/kasch K GasalbTo-
HIaM TOJIEHTOBOTO NETPOXMMHYECKOT'O THNA. Il031HMe 6a3ajbTOXIHHE
BHeJDEHER HISHTHMUMpPYOTCA B KadecTBe THIEYHMX [pefcTaBuTeei
MEJI0IMO~0a3aJbTORIHOTO DANA, IDPHIEM OTHOCATCA, KaK IOKA3HBAaeT
CPaBHEHEEe C KalHO3OACKMME MeJIOTHHME Ga3aJbTOMIaMA CMERHHX Tep-
puropuit TyBH, X HamooJee OCHOBHHM W DE3KO HENOCHNEHHHM SiO,
PasHOBEOBOCTAM LAHHOTO ceMmelicTBa GasalbTOB C XapaKTepHHM Iapa-—
TeHe3MCOM BKDAaIlJIEHHEKOB OJIABHH+KJIEHOIZDOKCEH+JIa0panop.

Ilo pelxo3eMeJbHHM XapaKTeDHCTHKAM MeJOUHHe 6a3albTOMIH TDyG-—
ki Tepremckas COOOCTaBIANTCA C KaAHO3OACKMME MEJIOYHHMM Oa3alb—
Tama baltkanbckoit paToBO# CHCTEMH M pe3KO OTJIMYANTCA OT KEMOep-
JmToB CmOmpckoit mpopmHUEm (pmc. 4). HecMoTpA Ha To, 4TO KEMOep—
JATH 7 MeJOUHHe GasalbTH UMENT MepeKpHBanMpiecsi HHTeDBAJH KoJe-
GaHml cONGDRAHUA JETKEX DeJKAX 36MeXb, BeJMUEHH KOHIIEHTpalii TA-
REJHX DeJKO3eMeJIEHHX SJIEMEHTOB B HAX pasJIM4HH, 9T0 OIpejender
pasHMe TEIH pacupelleNeHus P33  GOOTBETCTBEHHO co 3HAUCHUAME
(La/Yb)H 98-160 m 9-25. Tepremckme GasaHWTH AHAJOTMIHH Hamme-
Hee OCOTamEHHHM C OTHOMeHZeM (La/Yb)y = 9 OpercTaBHETEJAM MEJOI-
BHX Ga3anbToB JKALMHACKOTO, BATMMCKOTO apealoB,a Takxe (Ga3albTOB
mIaTo JaparaHra B MOHTOMMH.

Bce pasHOBHIHOCTH HIOpOL, o0pasyvymux Tepremckyo TpyCKy, CO-
JepEaT KCEHOJUTH KOpPOBOTO M MaHTHUIHOT'O TeHe3mca, a Takxe Kpyl-
HHe (10 HECKOJEKMX CAHTHMETDOB) MOHOMAHEDATRHHEe MOIy/M.  J{oum—
9eCTBEHHHE COOTHOWEHWMA MeRNy STAMA TpeMsa TDyNIaMA  BKJIKNYEHM:,
pasMepH MOCJIeIHAX X o0muli O0BEM KCEHOTEHHOT'O MaTeprajia CHJIBHO
BapeMpPyeT B pas3HHX 9YacTAX NWATpPeMH ¥ B Das/MUYHHX THIAX BMeDaw-
MyX IOpOT,.

X J3mech m malee TaGd. CM. B IIpmwiogeHEE
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B mesioM KOpPOBHE KCEHOJMTH MDeOoCJafalnT Hal MaHTHAHHME. Ham—
GOJIBIIEe KOJMUIECTBO KCEHONMTOB COIEpHAT SPyNTWBHHe Cperwmm II-it
Qasnt (mo 60 %) m -t dasH. HamGosee KDymEHE pasMepH UyXeDOIHHX
0GJIOMKOB Take 3a@HKCEPOBAHH B STHX DPASHOBHAHOCTAX BILIOTH JIO
kpymiEx (I M) @parMeHTOB KOpDOBOTO BemecTBa. OCJIOMKE B SpyITHB—
HHX- Opexamax I-# Qasy m CasaapTax OCHYHO He IpeBHWARNT S CM.

KopoBHe KCEHOJMTH IDEICTABIGHH B OCHOBHOM  pasHOOBpPASHHMM
TePPATeHHEMI ¥ KapGOHATHHMH IIOPOJaM: BMEMARUMX [EeBOHCKEX 4 Go-
Jee IpeBHuX (xemOpmifickioe 7) Touuy, cpelHenaneosofickmvm addysu—
BaMI OT OCHOBHOT'O IO KHCJIOI'O COCTaBa, a TaKkke I'paHmTomIamu,.On-
HaKO HaMGOJEUMA HHTepEeC BH3HBaWT eNMHMIHHE OCJIOMKH IIPEIIOJIONZ—
TEJEHO HMXHEKODOBHX MeTaMOpiMIeCKHX IOpPOJ: KpMCTALJIMIECKEX
CJaHIIEB, T'He#COB, I'paHMTO-THE!COB ¥ T'HMIEpPCTEHOBHX TI'HelficoB, Ko-
TOpHE ColepaT BHOODMAIED O COCTaBe M CTDOSHUN HUKHMX T'OPH30H—-
TOB KODH, KaK IpaBWJIO, He BCKDHTHX Ha 3eMHO# MOBEDXHOCTH . pac—
CMaTpPEBaeMOI'0 PermoHa.

MaHTEH#HHEe KCEHOJHTH

MaHTUiHHEe KCEHOJMTH 0Gpa3ywT OWPOKE! DAJ, YIBTPAOCHOBHHX IIO—
pOI, BappEpylIMe KOJIMYeCTBa KOTOPHX 3afMKCEpOBaHH BO BCEX pas-
HOBUJHOCTAX BMemamuMx Oa3aHHTOB TPyOKE Tepreuckad. [IOBHIEHHHM
X COIepRaHmeM OTJYalnTCA SpynTEBHHe Opexdwu I-i QasH m oTwac-
T Ga3’albToRIH. [IOMMMO TOCHOLCTBYXMFAX YJIBTDPAOCHOBHHX KCEHOJH—
TOB BCTpeUYeRH eIWHHMUHHE, HO He MeHee BaRHHe LA HCCJIeNOBaHuit
DeTPOJIOTHN IJyCMHHHX 30H KODH X MaHT#M, QPAarMeHTH SKJOTHMTOB.

KCEeHOJIETH yJIBTDPAOCHOBHHX HODPOJ OTHOCATCA K JIBYM OCHOBHHM
THTIAM : MaTReSEAILEOR Am "3eJEHO!" CepHd KCEHOJMTOB, B KOTODHX
KJMHOIMPOKCEH OCHYHO HOpPEeNCTaBJeH Cr —OHOICHIOM, X XEeJe3WCTO—
MaTHe3MaJbHOY My "dEpPHOR™ cepmeii KCEHO/MTOB, CONEDRANMX KJM—
HOIMPDOXCEHH aBI'HTOBOI'O pANa. MaTHesmasbHas cepud OoJiee pasHO—
o0pasHa ¥ BKJNYaeT kKak Ipeodyajapmge ln-repuommTH, Wn-BedcTe-
paTH, a Taxke I'p-iepno/mTH 7 I'p-BeCCTepHTH. MaTHe3malbHO-KeJe—
3uCTasd Cepud B OCHOBHOM IMPDOKCEHHTOBad X ImpefcTaBieHa [n-BeG-
crepuTamut, [I-KJMHOIXPOKCEHATaMH ¥ [II-0pTOMA POKCEHATaAMM,

ComepraHuA MEeTDOTEEHHX SJEMEHTOB B IVIABHHX THIAX KCeEHOJM—
TOB: JIEPIOJMTAX MarHe3masLHO# cepud M MRDOKCEHHTAX XeJIe3UCTO—
MarHesnalbHo#t ceprmu IpencTaBleHH B TalJ. 2.Hecmorpd Ha To, 9TO
B JaHHOM CJIyd9ae MH IMeeM JeJIO C pPaljHYHHMY  IeTporpaduaecKAMA
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Da3HOBULHOCTAME, YTO OCJORHAET BIIOJIHE KODPEKTHOE IieTpOoXiv@myec—
KOe CpaBHeHue, OCmWe TEHNEHOWM Dasuyus OYEeBMIHH,f TO IONTBEDR—
ILaeTCA COIIOCTABJEHUEM C KCEHOJMTAMA yKa3aHHHX LByX TUIOB B MIe-—
JIOYHHX Gasasnrtoupax MoHromuu (puc. 5).

BanoBuil xumMmyeckyit cocraB JEPHOJUTOB TPYOKE Lepremckas aHa-
JIOTMYEH TaKxe COCTaBy IIPUMUTABHHX Hozyinell B Gazsanabrounax TOKUH-
ckoro CTaHOBMKA M I PyTEX DPErMOHOB, BKJNUAA OKealUyecKue OCTpOBa.
BHGOpOYEHE TeOXUMUIECKMEe XapaKTeDUCTHKM,B YaCTHOCTH, paclpelese—
HYe pelkuXx 3emesb B Wn-Jernonurax, Takge OCHapyx¥BaeT CXOLCTBO
¢ pacrnpeleseHneM P3) B yJabTDPAOCHOBHHX HOHNYyJMAIX TOKUFACKOro CTaHO—
BuKa ¥ MoHromwu (puc. 6). Ha rpadEke BHHUEJEHO Iba THIA paclpe-—
LeneHusa P33 B xceHoomrax ToxmHCKOTO CTaHOBMKA II0 MaTe puaam
I.H.Korapko u np./I987/. llepBuit TuO, IPUCIIMXAROMICA K XOHIDH~
TOBOMY C HU3KMM ki II[MMEDHO OIUHAKOBHM IJIA JETKWX N TAREIHX P33
YLOBHEM KOHIIEHTpariuit (La/Yb)N=0,3—I,4), Hadymonaercsa B i-jiep-
LIOJMTAaX MarHe3MaJLHOTO THIa (3eJEHas Cepusa C Cr—IUOICHIOM) ,KC—
TOpHE DaccMaTpUBanTCSA B KauecTBe QOPAaIMEHTOE NDUMHMTUBHON MaH'THH.
Bropo# Tmn, CHJIEHO oCoraméHHuit JErkmu P33, xapaxkTepeH 11d Kce-
HOJMITOB 3eJIEHOH cepwm:, OCOTAMEHHHX IMMPOKCEHOBO{ COCTaBAomed u
IpelcTaprAomux QparMeHTH MeTacOMaTHYEeCKM M3MEHEHHOR MaHTIM ¢
dosiee BHCOKFAM OTHOWEHMEM (La/Yb)N =7-32. Pacnpenenedune P39 B
ln—naepuonuTax Tpyokm Tepremckas (Ce/Yb )N ~3 npul/nIRaeTcai K
OGOTaWEHHOMY THIIYy MeTacoOMaTHIeCKM H3MEeHEHHOU MaHTYM, OIHAKO OT-
JIMIaeTCsA 3HAIUTEJBHO GoJiee BHCOKMM COIepxaHueM Yb,UYrO XapaxTep-
HO 1A NOAMIABJIEHHOW MaHTHM C HAKOMJEHWEM 3TOT0 »JIeMEeHTa B IIpo-—
IYKTax 4acTUYHOTO ILJIaBIEeHWA.

CocraB MuHeranoB B I'p- u lWn-conepkalliX IapareHesucax YJIET—
DaOCHOBHHX ¥ OCHOBHHX KCEHOJMTOB IIpelcTaBJeH B Tadimiax 3,4,5.

TragaTH JIepmoJMATOBOIO IlapareHesuca, HesaBHCMMO OT — TOTrO,
[IDACYTCTByeT B HEM IWIMHeJb WIM HeT, OTHOCATCSA K MaJOXDPOMICTO
(Cr203~ I %) pasHOBHIHOCTH C IIOCTOAHHOX f = I7 aT.%. OHY ABLI-
0TCA CGoJiee MarHe3uaJEHMMM II0 CPaBHEHW0 C TpaHaTaMud U3 JEepmoJyi—
TOBHX KCEHOJIMTOB [MOHTOMIM M aHAJOTHMYHH II0 Ca-Fe-Mg  KOMIOHEHT-
HOMy COCTaBy MarHe3MaJbHHM IpaHaTam u3 auvas3oB (pmc. 7). B ok-
JIOTUTOBOM IIapareHe3uce TpaHaT coJiee XeJeducTHit ( £ = 22-27 aT.%)
[IpaKTHYECKM HecoLepralMit Cr, NMpudutkaoipiicsa M0 coCTaBy X aHalo-
TUYHHM MUHepalam OKJOTMTOBHX IlapareHe3MCOB B KmmOepmTax. Odmei
OCOGEHHOCTEN IMPOIOB YKA3aHHHX llapaTeHe3UCOB SBISIETCA IOCTOSH-
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Had M HUBKaA KaJbOWEeBOCThb. [0 YPOBHIO KOHUEHTpalM CaO OHU CO-
IIOCTARIANTCA . TJIABHHM 00DasoM C KCEHOMMTaM: OCHOBHHX M YJBTpa-
OCHOBHHX IOpOJN 3 UEJOYHHX Ga3aJETOMIOB. MiccienoBaHve Bapuauuil
cocTaBa I'paHaTOB B OOJBWOI BHOODKE KOHIIEHTpaTa TPyOKA Tepreli—
CKaA OCHApyRMBAaeT YETKYH HOOJOXUTENBHYW KODPEJAIpIo MEeXIy COLep-
XaHuem CaO &m Cr203, KOTOpadA COXPaHAeTCA ¥ OpY DacCMOTpeHym
COOTHOWEHNA 3THX OKUCJOB B IMPONAX  M3YIEHHHX napareHe3uCcoB
(puc. 8). CrenyeT Takxe OTMETUTH, UTO B KOHIEHTpaTe BCTLEYaAKNTCA
OMpOIH ¢ f= I7 ar.%, aHaJOTMYHHE NO COCTaBY I'DaHaTaM M3 JEpLO-
JIUTOBOTO IIapareHe3uca, HO OTJIMYanl@ecd BIBO6 GOJBIMM COILEDKaHU-
em Cr203= 2,54 mac.%. CocTaB OCTANBHMX COCYMECTBYOIIX MUHEpa-
JIOB T'paHaT— M WIMHEJLCOLEepKalMX HOapareHe3MCcOB, KaK  BUIHO U3
radnmi 3-5, CYmecTBEHHO He pas3jadaeTci.

QU#BMHH paccMaTp¥BaeMuX IapareHe3MCOB IIpelcTaBJeHH gopcTe-—
DUTOM C HeGOJEIMMA Bapuaimsdmt xejesucrocty ( £ = 9,5-11,5 ar.%)
llpEMech CaO B H¥x He npeBumaeT 0,1% ¥ He 3aBUCUT OT COJEKAHILI
dasmroBoit cocrasianmeil (puc. 9). B LeJOM KOHIIEHTpauMy Cal cC-
MOCTEBAMH C TaKOBHMY B OJOIBMHAX M3 YJBTDAOCHOBHHX KCEHOJIITOB
MarHe3yasEHOT'O THIla B IDPYIUX [DErMoHaX, HO KaK 3TO BHUHC Ha pUC.
9, DE3KO OTJIMYAnTCA OT OJMBMHOB B AHAJOTMYHHX KCEHOJHTAxX U3
KUMOepJauTOB. TakKoe Xe COOTHOIEHWe B DacCMaTLMBacMHX — BHOODKaxX
COXpaHAETCA 1 WA Cr,04 (cxomCcTBO ¢ KCEHOJMNTamiu (Ga3ajLTOMIOB
% OTJNIEEe OT KCEHOJHTOB B KMMOSIETAaX), XOTA CONEIHAHMA 3TOTO
OKKCJIa COCTAaBJAKT BCEI'0 JMUL COTHE JOJU IIpOLIEHTa.

ODTOMYDOKCEHH OTHOCATCA K 9HCTATUTAM C IIOCTOAHHOR Xeje3uc-
rocteo ( £= 9-II ar.%). P u3 T'p-colepkammx NapareHe3ucoB He-
CKOJIBKO GoJiee TUmMHO3EMUCTHE (~ 5-6 % A1203),qem B lln-conepxa-
mmx accommalmax (3,5-5 % A1,0, ) E uMeeT TEHNEHIMO I¢ Gojlee BH-
COKOMy collepwaHulo CaO (radn. 3, 4; puc.. 10). TeM He MeHee OHH
9pesBHYAHHO IOXOKA Ha ODTOMUPOKCEHH u3 I'p— u Un-jepio/mToB B
KCEHOJMTAaxX WEeJOYHHX Oa3aJbTOMIOB CaMuX DasHHX IpoBMHIM Mupa,
B YacCTHOCTHM MOHT'OJIMHA.

IIMHONMEDOKCEHH JIEPLIOJMTOBHX IapareHe3ucoB TpyOoku Tepreir
cKasd IpuHamiexar majoxpomuctam (0,5-0,8 % Cr203) CyOKaJIELe—
BHM aBTHTaM X OO IJIABHHM ITapaMeTpaM COCTaBa CONOCTABMMH C KJM—
HOIMMpOKXCeHaM COJIBIMHCTBA JIEDUOJMTOBHX HOIYJMeH B WEJOYHHX Oa-
3aJbTOMIAX MUpa, OMICHBAEMHX B IfadecTBe XPOMIMONCUIOB. OOupmMA
ocoGeHHocTAMY MI B Tr— u lln-comepwalliX accoLyMalusX ABJIAELCA BH-
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COKOe coleprarme Si0, (52~53 mMac. %) E COOTBETCTBEHHO HE3KOS —
al’ , 9TO XapaKTepHO LA ycJoBH! MOBHMEHHHX LaBJeHuii, HH3Kad
TATAHACTOCTE M XEJE3HCTOCTH. Ha mmarpamme Ca-Mg-Fe (pmc. II)
mons cocTaBoB MII B yKasaHHHX HapareHe3ncax IIepeKpHBanTCA, OIHa-
X0 HamMedaeTCA TeHIOHMEA K yBeJnYeHMD Cal I yMEHENOHHP BeJHMIHHH
f m Ti0, B MI m3 Wn-conepzamux JepHOJHATOB (radn. 4).lockoms—
Xy BaJoBad xEmMasi I'p- @ LI-sepqo/mTOB IpaKTHIECKE HIEHTHYHA, Ha-
OJmIaeMHe KCJeGaHUA COCTaBa B IIpeRIe BCEerc OTHomeHme Cea/(Ca+Mg)
BH3BaHH HE3HAUMTEJBHHME Bapmaugavz P-T-yciomi opmupoBamms,Ro-
TOpHe B II6JIOM OTBedYanT odjacTm mepexona anwt - m I'p-sepmosim-
TOB.

HimrgeJsp  OpelcTaBleHa pPANOM COCTABOB, B IIpelesaX KOTOPOIO
COLepxaHme A1203 m3MeHsAeTcA B mHTepBale 54-60 mac.%, a Cr203-
8-13 Mac.%. Mmwsess W2 I'paHATCONCDRANEX IIapaTeHE3HCOB doJee
marresmaieHad ( f = 22-23 ar.%) IO CPABHEHMD C STEM MUHEDAJOM
13 [IFHeJIb-JeII0JATOBOTO mapareHesmea ( f = 24-29 ar.%). B oc-
TAIBHOM pa3/EI®A B COCTaBe IMuHeJelf MeRILy yKa3aHHHMA MUHeDalb—
MHMY acCOLmAIAMM HO3HAITeJNbHH. OTMeJaeTcA CXOICTBO COIRIREH—
HHX Zm3MeHeHufi KOHIeHTpaimi Cr,0; & A-’L203 B INIWHEJAX M3 Jep-
LOJIETOBHX KCEHOJHTOB TpPyOKE Tepremckad m MOHTOJME, XOTA B IIO-
cylelHeM cJyuae HadumopaeTcA GoJiee IMDOKAR MHTepBajl  Bapmaipl
(prc. I2). BmecTe ¢ TeM OYeBHEIHH M pa3JAI@A B COCTABe LIMHeseit
3 JIOPHOJMTOBRKX HOJNyJeil W KOHIIeHTpaTa, B KOTODOM DE3KO IIpeol-
JanapnT 6oJiee BHCOKOIVIMHO3BMMCTHE DA3HOBUIHOCTH MMIMHEJIEIOB.

TagmM 06pa3oM, YJIBTDAOCHOBHHE BKJOYEGHWA B MEJIOTHHX (a3ajb—
ToEfax TpyCkm Tepremckasd IO XUMA3MY, HOeTporpadudeckr OCOGEH-
HOCTSM, DEIKO36MeJBHHM XapaKTeDHCTMKAM I MEIHEepaJoT¥H COOOCTaB-
JIIOTCA C QHAIOTMYEHME IePHIOTHTOBHME HOIYJAMA K3 MEJOUHHX 63—
3aJIbTORJIOB CMERHHX DPOTMOHOB M LDYTEX IDOBRHIFA C ILOARICHAMMA
Ga3HTOBOTO BYJRAHE3MAa B 30HaxX BHYTDPMKOHTHHEHTAJIBHOTO paPTOTe-
Hesa.

TepMoGapoMeTprIecKrme OmeHk:m (Tadu. 3-5) xapakrepmsynT P-T-
YCJIOBMA DaABHOBECHH H3YICHHHMX IIapareHe3WCcOB B mHTepBare IMRS -
1180°C m I6-I8 K6ap, 9TO B COBOKYIOHOCTH C IIapaTeHeTHYECKHAM aHa-
JA30M YKa3HBaeT Ha IPHHAIJIORHOCTE JIePOOJHMTOBRHX HOIYJel TpyOk:
TepremcKkas K 00JacTH IepeXOoLa MexRIy WMRHeJb~IHDOKCEHOBO# X I'pa-
Qur-nzponoBoit daimAMy TJyCEHHOCTE BepXHe#} MaHTHH.
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Meraxpucrauaad

TryCMHEHHE BKJOOYEHAA B WMEJOYHHX CasaJubToMiax TpyOoku Teprew-—
CKasl IOMHMO MaHTMIHHX KCEHOJHTOB, CJOXEHHHX JIePOOJMTAME, IMpPO—
KCEHHTaM: M 3KJOTHTaM# IBYX OXapaKTepU30BaHHHX BHIIE THUIIOB,IIpell-
CTaBJIGHH Take MOHOMMHEDaJBHHMA HOIYJIMU, IIDOMCXOXIEHME KOTODHX
MeHee fACHO. IJTO KrynsEHe 10 I0 cM ONMHOYHHE KpMCTAaJUIH, IIOYTH HU-
KOr'Jla He o(pas3ynile CPOCTKOB WM HHOT'Za cOleprallle JIIE eIMHAYHHE
MeJKMe BKJOYERMA NPYTIX METaKpACTAIJIOB, B NaHHOM CJyYae 0GDaso-—
BaHH I'pDAHATOM M YEDHHM KJMHOIWDOKCEHOM. AHAJOTMYHHE OJMHOYHHE
KDYIHHE LeJHe W Je3MHTeIPMPOBAHHHE KDHACTAJUIH KaK TREAX-Xe M-
HepaJoB, Tak ¥ Apymx (QuorommT, Kalw-HAaTPOBHE MOJEBHE  HIIATH,
OJIZBYMH) BCTPEYanTCA BMECTE C YJIBTDAOCHOBHHMM MAHTEHHHME KCEHO-
JMTaMi B MEJOUHHX (GasaJjbTaX M KUMOeDIMTaX CaMHX pal3JI@YyHHX peru-—
OHOB MEpa. I{ak mpaBuyO, COJEUMHCTBO MCCJeLoBaTeseil KuMOepIETOB
paccmaTpEBaeT MX B KauecTBe KCEHOKDUCTAJUIOB, OYEBHIHO, IIpelmo-
Jaras Halwyy¥e B MaHTHAM IJIOCAJBHHX 30H, CJIOREHHHX I'HTaHTO3€pHUC—
THMM MOHO- JWIM IIOJIMMMHEDaJbHHME arperaTami.llofapidbmee GOJIBINH-
CTBO IIETPOJIOTOB, M3Y9IHIOUFX 3T KDUCTALH B JasajbTaX, II[MXOINAT
K BHBOIYy O DOICTBEHHOM C BMeManIMMI [TODPOJAaMM IIPOMCXOXIEHME Me-—
TaKpACTAJLIOB ¥ CIATANT MX CJM3JMKBAIYCHHME (0asaMi BHCOKOTO JaB-
JIEHUA, KPUCTALIU3YRIMUCA M3 COOTBeTCTBymmnx paciiaBoB B IIpele-—
Jlax BeDXHedl MaHTHu,

[upomy TpyOku Teprewckad HeBeJHKM IO pa3mepaMm, XOTA M IIpe-
BHWAKT BeJMYUHY 3EpPEH B arperaTax MaHTEMHHX XCEHOJMTOB M  (eHo-
KDMCTaJJIOB BMmemanmux 0as3aJbToB. Pa3MepH KOJEeGIOTCA OT & X
I,4 cm mo 4,5 X 3 cM. ®opva HenpaBmJBHasg yIJoBaTasd WIM OK-—
DyTJIEHHAA 3a CYET DeaKIWOHHHX B3aMMOOTHOMEHM! ¢ BMemamumeit JiaBoif,
¢ KoTopo#t MerakpucTaJUli HeDaBHOBECHH B IIOBE[XHOCTHHX YCJIOBHAX.
X meJse3uMCTOCTE COJiee ueM B JlBA pasa IIpeBHWAeT f I'pAHATOB U3
JIePIIOJMTOBHX KCEHOMMTCS (COOTBETCTBEHHO 32-52 ar.% u I2-I7 ar.%)
¥ 3HAUVMTEJEHO BHIWE XEJE3UCTOCTM MMPOIOB 3KJOTMTOBOI'O IapareHe-
suca (f = 22-27 ar.%) NaHHOTO BPYNTEBHOTO LeHTpa (Tadi. 5).0HH
IpaKTHYECKM GecXpoMoBHe (pmc. 8) M Gojiee TUTAHMCTHE (Ti0, 0,5-
0,7 mac.%), yem mipolH JepuomrosBoro (0-0,2 mMac.Z) ¥ SKJIOTHUTO-
Boro (0,I-0,2 Mac.%) mapareHesucos.

HIMHOIMPOKCEHH IpeNcTaBJIEeHH CBOEOGPA3HHMA IO COCTaBy BHCO-
KOAJIOMAHUEBHMM aBTUTaM#, KOTODHE IO OCOGEHHOCTAM XMMU3Ma, MOD-
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QoJoTME ¥ YCJOBMAM HaAXOZAEHUA AHAJOTHYHH IEPMAKUTOBHM IIMPOKCE—
HOBHM MeTaKpHCTajIaM K3 MEeJOYHHX Ga3ajbTOBHX I1DOBHHIWK BCEX
KOHTHMHEHTOB., VKX Tawxe oTJMYaeT BHCOKOE COIC[RAHUE A150,4 @8 -
-9 mac.%) u moHmxeHHoe Ca0 (I14~I16 mac.%) (rada. 5). B To xe
BpeMA B DANY YKa3aHHHX COCTaBOB OHHM BHIEJINTCA HECKOJBKO IOBH-—
XEHHHMI CoJlepRaH¥AMI XalemToBO# cocTrarismome#,o0co0eHHO OO cpaB-
HEHI® C BHCOKOGapHYECKUMH MerakpucTasllaMd KJMHOMEDOKCEeHa B MoH--
ronmi. OT KJMHONZEPOKCEHOB JIePLOJMUTOBOTO B SKJIOTHTOBOTO Ilapare-
Hesmca TpYORW TepremcrRasd OHM OTJMIANTCA BECEMA CYMECTBEHHO,KaK
5TO IOpexlie BCEro BWAHRO Ha I@arpamqe Ca ~ Mg - Fe(pmc. 7).

Taxmv oGpa3oMm cocTaB, Popma X YCJOBHA HAXOKIEHHA DacCMOT—
DeHHEDC MeraxprcTalitoB I'p m MI oOHapyRUBaKOT De3KHe OTJIHIVA OT
AHAJIOTWIHHX MIHepasJoB B MaHTMUHHX KCEHOJMTaX, BMECTe C KOTODH-
M OHE BCTpeYanTCA B GasaibTomnax TpyOk:m Tepremckad. B To xe
BpeMA HaGJmoIaeTCA 3HAYUTEJBHOE CXOICTBO IO IIeDEUMCJIEHHEM IIapa-
MeTpaM C UMPOKO pACIpPOCTDaHEHHHME B MEDe MeTakpucTaljaMy I'D i
MO - pOLCTBEHHHMI MOHOMZHEpAJBHHMYM TJIyCHHHHMM BKJIOYGHMAME B
dasalkTax.

TPYBKA BEIE

Bysixanmueckasd - TpyOka o6pa3yeT KOHHIECKYD COUKY BHCOTOH OKO-
Jgo I00 m, pacmoJsomeHHY10 B 2,5 KM K ceBepy OT 03. bese.OHa mwve-
eT cJoRHOe cTpoenme (rmc. I3). lleHTpanbHasa gacts (~I00M B
ImameTpe) HeIpaBMJEHOM B maaHe QopMH o6pasoBaHa CTOJIGUATHME Ga-
3aJbTaMi, CKaJEHHE BHXOIH KOTODHX BEHUAWT COIKY. KpaeBasa (aiusa
IpelcTaBleHa CWJIBHO BHBETDEJHMUA ¥ OXEJE3HEHHHMA SKCILIO3WBHHME
BYJKAQHAYECKAME GDEKIIMI, BCKDHTHME Wypdamy ¥ KaHaBaMA B OCHO-
BaHMM CKJOHOB COIXH. basaJbTH colepraT (GOJEIOEe KOJMIECTBO pas~
HOOGpa3HHX KOPOBHX H MaHTMIHHX KCEHOJW®TOB pasmepom oT I 1o
20 cm, a Taxxe MOHOMMHeDaJBHHX HOIyJeit — MeraxkpHCTAaIIOB.

BmMemawmZe XKCEeHOJHXITH IIODO I OTHOCAT-
cA K MeJIOUHHM GasalirTomyaM Ga3aHHToBoro THma (Tadt. 6;pmc. 3),
[IDAKTAYECKN aHaJOTWYHHM TepTeliCKMM JaBaM X OTJUIal@MicAd  OT
HIX HECKOJLKO MEHEIFMM COJlepxaHuiMm meJodeil ( cooTBETCTBEHHO
Ne,0+K,0 = 4-5 mac.% @ 5-6 mac.%). Cpelld BKDAILIGHHAKOB  aBTUT
m Ti-aBTuT (Tadk. 8) pe3Ko IpeodaafanT Hal OJUBHHOM.

I'nmy6dEZHHHEe KCeBOJINTH IpelCTaRisHH  (par—
MEHTaMyi KOPOBHX (I'paHy mTH) ¥ MaHTMEHEX (ISPUOJMTH, TEPOKCEHM—
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TH) IOpox. [locielFEre OGpasyWT XapaKTepHY TOJLKO LA TpyOxk:m Be-
Je ¥ He CBOMGTBEHHYD JIDyTEM BYJKaHUYECKEM TpyCkam XAKACHE KOJ-
JIEKITED RCEROJMTOB, B KOTODO# MHDOKCEHUTH IpeodaafanT Ham, Jepuo—
JIATaM#, a TOPOAH Fe-Mg (dU6pHO!) cepmy COCTABATOT  GOJMBUHIHCTBO
IO OTHOWEHMO K Mg (3eséHoit cepru). CpejM OOCJENHMX Hapaly G
[n-comepramav®a TapareHe3ucaMy OTMedJanTCA I'DaHaT-JeplOJHATOBHE U
TpaHaT-BeGCTeDUTOBHE MEHEpalbHHEe acCOoLmaliyf, B KOTODHX I'paHar
IpUCYTCTBYET BMECTe CO UNmMHeJb0. B MarHesuasnrHo#t cepum GOJEBLMH—
CTBO COCTaBIANT I['p-BeCCTepUTH X HWI~IUONCHIUTH. Fe-Mg Cepud Ipel-
CTaBJeHa B OCHOBHOM IIMHEJEBHMI KJMHOIMPOKCEHMTaMM (aBTUTHTaMI)
¢ IOpakTHyecxXy moHOMMHepadeHHM (MI+Iin) um pexe BepmToBHM (Qu+hll+
+0im) naparedesucamy. YJIBTPaOCHOBNHE KCEHOJHTH  MaTHEe3HaIBHOTO
THOA,KaK [IpaBUIO, aHAJIOTHYHH II0 BAJOBOMy XUMHUYECKOMy COCTaBy Ta-
KoBHM TpyOkE Tepreumckas (rada. 6, puc, 5).0mHAKO cpefw HUX [IpA-
CYTCTBYT eIZHUUYHHE WIMHAeJeBHe KJMHOIEDOKCEHUTH IIOBHUIEHHONR Kalb-
mmesoctu (1o I7 mac.% CaO ), KOTODHE CKOpee BCEro IIpeICTaRIANT
TJ[yOMHHHE YJbTDAOCHOBHHE KYMYJATH WeEJOIHO-0asalbTOMIHOR  MarmMu
(rada. 6, o6p. 11). B mOAB3Y 9TOT0O CBUIETEJLCTBYET K HEOCHIHHH
IJIA XaKacCKMX TPyGOK COCTaB MeTakpMCTOBOI accolMaimu, B KGTODOii
Hapify C BHCOKOIVIMHOSEMACTHM aBT'MTOM IIDUCYTCTBYET WIEHENE .

T'pguar no cocrasy (Tada. 7, 8) oTBeuaeT IBYM DasHOBUIHOCTAM
pasIuYanmIMca EesesucTocTeh (I7-21 ar.% u 29 ar.%) ¥ colepraHn-
ew Cr,oy (I,83-3,57 7 0,29 mac.%). OHM OCHapyReHH Kak B KCeHO-
JXTaxX COOTBETCTBYWUEX [[apareHe3ucoB, TaK ¥ B KOHIIEHTparTe TARE-
Joit paKImK, ;W XapaKTepHH IUIA JEPIOJUTOBOI'O X BeGCTEpPMTOBOIO
mapareHe3ucoB. Ha puc. 7 BuHO, 9T0 I'p-BedcTepuTOB U3 TpPyOKH
Bejie npudimzaeTcs 0 Ca-Mg-Fe KOMIOHEHTHOMY COCTaBy K I'paHaTy
SKJOTMTOBOI'O IapareHesnca TpPyOku Tepremckad, a IMPOOH JepLoJH-
TOR DeJjie aHaAJOTMYHH TaKOBHM M3 TepreliCKuX JEpLOJHTOB. BvecTe ¢
TeM TpaHaTH TpyCKu Deje OTJIMYalTCA OT TEepremcKUX OO COOTHOlEe-—
HIO Ca0 B Crp0, (prc. 8). T'paHaTH JepIOJMTOBOIO IapareHesuca
Haudojee XpPOMMCTHE, a BEGCTEDMTOBOI'O — MAJIOXPOMHCTHE, KaK M-
POIH B TEeprelCKMX SKIUTUTAX.

QnupmHE aHaJoTHMIAH QopcrepuTam TpyCxu Tepremckad, XOTA
Da3HOBHIHOCTY C IIDUMECEO CaO B HUX 4YDE3BHIAHHO DelKu.

ODTONVDOKCOHH TaKkke, Kak M T'paHaTH IIpelCTaBJeHH IByMA Dpa3-
HORUAHOCTAMU: SHerTatuTamu (f = 9-IL ar.%) B JEPUOJMTOBHX [a—
pareHesyucax u Opowsuravm ( f = 16 ar.%) B BeGCTEDUTOBHK Mapa-
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TeHe3HcaX C XeJe3ucTHM rpaHarom (pmc. I10).

KiipomupoxceRH I'p- u ln-collepramyx apareHe3MCcOB B OCHOBHOM
AHaJIOTMYHH 9TUM MEHepajiaM B COOTBETCTBYDUMX MEHeDaJbHHX acCOoL-—
auwAX TepreliCKAX KCEeHOJUTOB, M3 aTo#f olmeil KapTMHH BHIIalaeT BeG-
CTEepUT C GPOH3MTOM M XEJEe3UCTHM I'DAaHATOM, C KOTODHME COCYmEecT~
ByeT GoJiee KaJbIMEeBHX M GoJiee XeJe3nMCTHit MI.

llmyHe/w aHaJOTMYHO STUM MEHEpAlaM B TEepPTelCKIX KCeHOJMTax
06pa3ynT UMPOKMi DAl COCTABOB C M3OMOPYHHM 3aMemeHueM Al ¥ Cr.
Tem He MeHee 4€TkO odocolJAeTCA WIMHENI: Fe-Mg BeGCTEeDPUTOBOIO
mapareHe3mnca, B KOTOpOit QuKCHpyeTCA MaKCHMAaJbHad XKeJEe3UCTOCTE
(34 ar.%) M MMHUMAJBHOE COIEPRAHUE Cry04 = 3 mac.% (radu. 7 ).
B T'p-comepraX ¥ Ge3TpaHATOBHX lapareHesncax WIMHeJM XapaKTe-
pusybres £ = 23-3 ar.%, M0, = 46-58 1 Cr,0, = 7-I8 mac.%.
Takmm odpa3om HaudoJiee TVIMHO3EMUCTHMM M MAJOXDOMUCTHMZ  OKa3Hl-
BaNTCA WIHHEJM B IMpPOKCeHWTax Fe-Mg Tuma. COCTABH umuHesell na3
KOHLIeHTpaTa TpyCku bejle B 3HAaTMTEJEBHOI 9acT¥ COOTBETCTBYNT Ma-
JIOXPOMACTHM Da3HOBMIOHOCTM, MCTOYHMKOM KOTOPHX, OYEBMIHO . OHJIM
JIEPLOJMTH ¥ [MPOKCEHUTH. BMecTe C TeM BCTpPeYeHH XPOMUIIMHEMIN
C BHCOKMMA COMEPRAHUAMM Cr,0, (mo 40 mac.%), aHaJoTH KOTODHX
B MUHEDAJBHHX acCOLMATX KCEHOJMTOB IIOKa He OGHapymeHH (puc.
I4).

TepmoI¥HaMM9eCKNe MapameTpd Iyl pacCMOTpeHHHX I'p- u lo-co~
JepralyX DapareHe3XCOB OLIEHMBANTCA B 900-1020°C z I3-I6 xGap
(tadm. 7), 9TO COOTBETCTBYET XOTA M GM3KUM, HO BCE Xe HECKOJIb-
KO MeHee IVIyCHMHMbII yPOBHAM BepXHeil MaHTMM IO CpPaBHEHHW C Kce-—
HosuTami Tpyokm Tepreuwckas, XOTA BCE B TOH xe MepexomHOi oG-
JIaCTH WIMHEJB~IMPOKCEHOBO) M Ipa@uT-OuponoBoi Qamimi ruryGMHHOC-
TH.

Accoumaumgd MeTaxXxpurCTaJdJoB IpeIcTaB-
JIeHAa KPYmHHME (2 X S5 cM) KpHCTaLIaMy MIIMHEeJY M KJMHOIMPOKCEHOM,
AHAJIOTMYHEM [I0 COCTaBy BHCOKOAQJUOMMHMEBHM aBruTaM Tpyoum Tepreu-—
Cckaf.
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BYJIKAHWYECKUE TPYEKM KOHTAPOBCKAAL M BAPAIRLY TECKAA

PaccmaTpyBaeMHe BYJIKaHA9eCKMe TpPyOKHM MIPOCTpPaHCTBEHHO Das’ol—
MeHH, HO II0 OCOGEHHOCTAM T'€OJIOTMIECKOT'O0 CTPOEHMA M COCTaBy cla—
TaomEX IOPOJ, OTHOCATCA K ONHOMY "TeprelcKOMy" THOY CJIMKHO NOCT-—
DOEHHHX T'paHaTCOLepRAIMX nMaTpeM. TpyCka KoHTapoBckas DacIoJoO—
XeHa Ha JeBodepexbe p. IyJHM y Imocéaxa KoHrapoBo, bapangkyJbckasd
- B 1,2 KM K BOCTOKYy OT OHBmETro yJhayca bapamxynb. B muaHe 3To
OBaJEHHe Tesa ¢ pasmepamit I00 x I40 Mm m 260 x I40 m (pme.
I5),K0TOpHe B peatedie BHUENAOTCA B BHNE OCTDOBEDXIX COIOK BHCO-
Toit 1o 50 M. Kaxk m TpyOka Tepremckasd, OHH ABIANTCA OCDa3OBaHAA—
M1, QopMmIpoBaHFMe KOTODHX CBA3aHO, IO KpailHeil Mepe, ¢ NByMA cTann—
A, PaEHAA B3pHBHAA CTAIMA QUKCHDYeTCA SDPYNTABHHME OpeKYnAMH,
KOTOpPHe B TpyOke bapangyibckasd o0pasylT LMPOKOe BHeMHee KOJBLO,
a B TpyOKe KoHrapoBckas Ha COBDEMEHROM cpese cocTamrwmoT no 70 %
ofmero oOBEMa MOpPON, TATOTeA Takke K Nepr@epAuecKAM 4acTAM Iu-
aTpeMH. IlocieB3pHBHaA cTaIwi XxapaKTepA3yeTcA BHeIpeHrmeM Galalk-~
TOHMIOB, OGPa30BABIMX XODOMO COXDPAHVBIMECH HEKKH:C TODH30HTAJE-
HOt TOHKOCTOJNGUATO! OTHEJBHOCTR (BapamxynbcKad SKCTDY3HA) H
MHOT'OYZCJIEHHHEe JailKoBHe Teja.

BasaixtTo®nH OTHOCATCA K HAWMMOHEE HaCHUEHHHM Si0,
(44 mac.%) pasHOBELHOCTAM IIODPOI XaKAaCCKMX BYJKAHHIECKMX TpyGOK,
KOTOpHE BMeCTe C TeM OCHapyREBalT BHCOKYW MEJIOYHOCTE (Na20+K20=
5-6 mMac.%) ¥ marHesmanbHocTh (mo I2 mac.% MgO) (Tada. 9; prxc.
3). Cpelm BKDALICHHAKOB Ipe0oCaalalT  KJIMHOMM DOKCeH—~OJMABHHOBHE
accouyauua. MecTamm HaG/mOZANTCA BADHOJATOBHE CTPYKTYDH.

Kax mouTm Bo Bcex TpyOkKax, B COCTaBe KOTODHX B GOJELMX OGB—
EéMaX HalymolanTCA SDYINTHBHHe GDEeKYdM,B DACcCMATLMBAeMIX IMAaTpemax
OGHapyXEeHO OTrDOMHOE KOJAYEeCTBO KODOBHX M MAHTHIHHX KCEHOJHTOB
OKpyTJIoOit m yrJioBaToit fopMH W MakcUMaJEHHX pasmepoB 1o 30 cM.
OTMewaeTcs 30HANEHOE paclpellelieHAe KCEeHOJMTOB,Korza Nepradepini—
HHE 9YacTH TPyGOK OGOTameHH KODOBHME odiaomkam (mo 20 % odmero
o0BEMa), a B LEHTPANBHHX YacTAX KOHIEHTDHpylTcA HparMeHTH Map-
TUHHX mOOopoj. HapAmy ¢ oGJIOMKaM\ TeppHTeHHHX BMemMalupiX IIOpOoX B
GOJIBIMOM KOJIAIECTBE COIEepRATCA KCEHONHMTH TOHKOIIOJIOCYATHX MeJaHO—
KDaTOBHX I'DaHyJMTOB X 3KJOTHATOINONOCHHX IODPOXL, OCpa3yoiuyux,10-BA—
LAMOMY, HEKXHAE I'DaHyJJMT-NAPOKCEHATOBHE T'OCH3AHTH B KODOBOM pas-—
pese permoHa.



MaHTHiiHHEe KCeHOJIHNTH IpPeICTaBleHH DasHOOG—
DPa3HHME IIEeTpOTpa@MIecKAMA DAa3HOBMIOHOCTAMM YJBTLCAOCHOBHOI'O M OC—
HOBHOT'O COCTaBa: JIePLOJUTAMA, BEDJUTaMM, KJIMHOIMPOKCEHMTaMA Mg
(mmomcwmnTH) M Fe-lig (QBTMTHTH) THOOB, 4 TAKRe SKJIOTMTAMI.

Y7BTpaOCHOBHHE KCEHOJHUTH II0 BaJOBOMY XHMMYECKOMY  COCTaBy
[IPAKTNYeCKX He OTJYYANTCA OT Tepreumckmx (Tadi. 9; puc. 5).

I'paHaTH, OCHapy®eHHHE B KOHILEHTpaTe o0eyxX TDPYyOOK, OTBedanT
II0 COCTaBy TIpaHaTaM 3KJOTMTOBOTO IllapareHesnca TepTelCKMX KCeHo—
JMTOB, & TaKkxe, MO-BHEIAMOMY, TI'DAHATOBHM TDaHYJUTaM  MeTamopim-—
9eCKOTO CJIOS B HUM3aX KOpH (Tadn..8, puc. 7).llepBHe XapaxTepnsy-
0TCA HU3KAM CONEPRaHmeM Cr,0, (0,45 mac.%) m £= 25 ar.%. Bro-
pHE - 0eCXDOMOBHE ReJe3MCTHE albMaHIUHH,

lmAHeBCOneKaIMe ITapareHe3NCH B OCHOBHOM MarHe3WaslkHOI'O
THIIa, HO COCTaB COCYMECTBYOUMX MMHepanoB BapeupyeT B Cojee Wi~
DOKVX MHTepBasax, YeM 3TO YCTaHOBJEHO A TPyOkm Tepremckas.Ha-
pADy C IlapareHe3ncaMd, B KOTODHX xejesmcTocTe i, PO, I He
[IpeBHUAEeT, Kax npaBmwio 11 ar.%, BCTpedanTcA WIMHENEBHE JepUou-
TH, Ille f IepedncieHHEX MIHepaloB cocTasjAeT 15-16 ar.Z(Tpyd-
1a bapanxysnreckas), Takxe KaKk B HEKOTOpPHX pasHoBuiHocTLx  ln-
JepoanToB Bene (rada. 7, 10, II). COOTBETCTBEHHO CpEIM OpTO-—
[MPOKCEHOB HaOMoIanTCA KaK SHCTATHTH, Tak X ODOH3UTH C Iepe-
MEHHHME colle[EaHusMn IvmHo3EMa (puc. 10). CocymecTByomme IapH
PO + MO Ha gumarpamve Ca - Mg - Fe (pmc. II) coBmamamT o0 COC-
TaBy C TakOBHMM TpyOKE Tepremckasd X HaHECEHH Ha DHCYHOK TOJE~
KO yacTM4HO. BvecTe ¢ TeM BHIHO,Y9TO 0GOCOGHANTCA Cojiee Xeae3n-—
CTHE IMPOKCEHH aHaJOTMIHO HM3KOTeMIepaTypHHM  llm-JsieproJmMToBHM
nmapareHesuncaM Dese. lnmuHeszm paccMarpuBaeMHX MapareHe3nCOB TaK-—
R®e II0 BCEM IlapaMeTpaM COCTaBa COIOCTABJANTCA C paHee OIIMCAaHHH-
M. OTKJIOHEHWS B CTODOHY Goxbmeldt £ (mo 48 %) HaGIDIANTCA TONE—
KO B CoJee XeJe3MCTHX pasHocTax lm-seprosmroB (Tada. I0, II),

B HMX Taxme QMKCHPYOTCA KJIacCHIeCKWe KODDeJAUMOHHHE CBASH I
NMOLOCHUX NIapareHesncoB Mexly Al,05 7 Cr,0,,YOTA B KCEHOIMTAX
1 He GHJM OCHApy®XeHH TaKkhme BHCOKOXDOMUCTHE COCTaBH (mo 52 %
Cr,04 ), Kaxue NEenOHCTDHMPYIT INMIHEJX N3 KOHLUEeHTpaTa TpyOku Ba-
papgyaeckasa (puc. 16).

Acconymanumd MeTakKprHCTaJaaoB B A3BECI-
HONM CMHCJIE BHIAWMAACA CPelN XaKaCCKFPX ByJI{aHMUeCKuX TpyOoOK, TaK
KaK Hapamy C OTMEeYeHHHMW BHCOKOCAapMUecKuMr (Ja3aMym aBruTa ¢ IM-—
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polla B Ga3albToMIAaX HAGONAaloTCs KpymHHe (o 5-6 cM) KpucTaslmH
K -Na [OJeBHX MIATOB, AHAJIOTHYHHX MOHTOJECKUM CaHuIMHam /Keme—
XnHcKac, 1979/.

T'eoTepMOMETDUYECKIE OIEHKM W3YYEHHHX [IapareHe3rncoB COBIa-—
IanT ¢ paHee IpwBel&HHHMA WA llr-ieprosmToB, T.e. 980- II147°C.

BYTIKAHVYECKVE TEYBIW KPACHOOSEFCKAST, TP BPATA
I LRTUE

B aroit rpyme nmaTrpeM ycTaHOBIeHH Toakko ll-comepraume ma-
Darede3UCH Cpelyd MaHTHMHHAHX KCEHOJMTOB, a caMid TpyCOdHHe  TeJa
[IPeLCTABOT CcOC0# CasajETOmINHE HEKKM, 3a MCKJIoUueHrWeM Kpac—
HOOBEPCKO! TpyOKM, CIOREHHOH IpeHMylleCTBEHHO BSDYNTUBHHMU CpeK-—
guamMii. Mx QOpMMpDOBaHEE CBA3aHO IJIABHHM 006pa3oM C  OJHOAQKTHHMH
BHEJPEHUAMK JIaB M JIaBOBHX OpeKuuii, XOTA B HeCOJBUOM KOIUYEeCTBe
HadympanTca M Cosee MO37THMe GasalbToMIHHE Ialiku. COOTBETCTBEHHO
OHY XapaKTepusylrcs HeCONEIMMA pasmepamy, IpocToit mopfosorueir u
doJiee LM MeHee OIHODOINHHM BHYTPDEHHMN CTDOeHMeM. LazajbTOBHI
HekKk B 5 kM k KB oT nmocémxa Teprem, "coyTHUK" TpyOku Tepremckas,
umeeT Bcero Jmub 24 x IS5 M. Tpm GpaTa — 3TO Tpymma  TaKmX Xe
HeGOJBIIIX HEKKOB IIOYTH HueajbHOl KpyTioit dopme.HamGosee KpymHHM
(260 x 60 m) sBIAeTcAd Ga3aJbTOBHIt HeKKK B I KM 1¥ CB OT mocénxa
Konraroso, "cmyTHUK" KOHrapoBCKO#l TpyOkH.

JlaBH, o6pasylomue HeKKM, OTHOCATCA K TUMMMIHHM IIpeNCTaBUTENAM
MeJOYHEX Ga3aJETOMIOB U COIOCTEBIINTCA C Ga3albTOMIaMA JIDyTUX
Iuarpem Xaxacmu (Taca. 9; puc. 3). HeckoJbKO aHOMANBHHE cocTaB
AT SPYNTHBHHE Opexymy TpYyOK¥ K{pacHOO3EpcKas, B KOTOPHX  IIpK
MITHIMAJIEHOM COTepRaHmu Si0, = 43,6 mac.% QUKCUpyeTCHA MaKCHMAThb-
Hoe copefmanme mesouelt (Na,0 + K,0 = 6 mac. %).

Cpel@ KCEHOIMTOB OTMEYEHH KaK KODOBHE, TaK M MaHTHUUHHE OG-
pasoBaHmA. llocnenAne ipencTaBieHH llT-jeproyuramyi Mg THIA M M-
DOKCeHUTaMu Fe-Mg Trma. /I mo BasoBO# XooiM, ¥ IO COCTaBy MUHe—
panoB (radm. 9, I2, I3) OHM MOEHTMUHH YJBTPAOCHOBHHM KCEHOJLITAM
paHee ONMCaHHHX n@aTpem. Bojsee Toro, B TpyOke KpacHOO3Epckas
Takke, KalKk ¥ B Inarpemax beine m Bapapgynibckas, IPUCYTCTBYWT Ha-—
DAIY C MaTHe3MAaSEHHMY MMIKHEJeBHMY Jepioauramn (odp. 10/6, Tadu.
I2) mx Gonee ®esesWCTHe pasHoBumpocT¥ (odp. 10/5, radm. I2 ).
OTclna MPUMEPHO TOT ®e, UTO I OTMEUEHHH paHee, IMAIla30H Koje-
daHmil TePMOMETDHYECK)X OLIeHOK, a MMEeHHO 990-II00°C, must Temme-
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paTyp DABHOBECHT W3YUEHHHX IIapareHe3MCOB.
SAKIWNUYEHNE

Tax@m oGpa3oM, BO BpeMA MapipyTOB IO BYJKaHAYECKMM TpPYCKaM
{3aKacmy YYaCTHMAKE SKCKYDPCHM MexIyHapOIHOTO cEMIo3myma "CocraB
7 IPOLECCH TJyOMHHHX 30H KOHTHHEHTaJBHOH mTocepH" EMERT BO3-—
MORHOCTE NO3HAaKOMITHECA C OCOCEHHOCTAME IIPOABJEHUA Me30-KailHo—
30/iCKOT0 BYJKaHM3Ma B 30HAX BHY TPMIOHTHHEHTAJIBHOT'O pHYTOIreHe—
3a, a Taxke ¢ CoraToif MEHepaJOTHeil pasHOOGpasHHX  INIYOMHHHX
BKJIOUEHMI! B IIPOIYKTaxX 3TOT0 BYJIKaHUSMA.

T'eos0TO-NeTpOJSIOTMUECKOEe M3yUYeHre WMEeJOYHHX OGas3ajlbTOMIOB X
COlepral¥XCA B HMX KODOBHX M MaHTMIIHHX KCEHOJMTOB  II03BOJIAET
clenaTh OCOCHOBaHHHE BHBOLH O COCTaBe, CTDOEHHM 36eMHHX  Henp
DerymoHa M DEeKOHCTPYMPOBATEH KODOBO-MaHTMAHHE Dpa3pe3H, MCIOJB3YA
[IapareHeTHUeCKmM aHaau3, AHATHOCTUKY KCEHOJMTOB II0 QaifaM IJy-—
OMHHOCTY 1 omnpeneseHma P-T-yciaoBmit QOPMIDOBaHHAS DA3JMYHHX T'DYIHI
KCEHOJMTOB IO TepMoGapoMeTpMIeckuM pacuéTaM, COOTBETCTBYIINM
KOHKDETHHM IMala3oHaM JaBjeHusA M TemnepaTypH. YJIBTDAaOCHOBHHE I
OCHOBHHE BKJIWYEHNA B 6a3aJbTORIaX M 3pPYITABHHX OpPEKImIX BYJIKa—
HA9ECKMX TPYyCOK XapaKTeph3yDTCA 3HAYATENIBHHM Da3HOOGpas;meM My—
HepaJEHHX [IapaTeHe3NCOB N THIOB IIOpol. CpelX HIX YCTaHOBIEHH
IIIHeJeBHEe ¥ WIMHEJb-IIMDPONOBHE JEPLOJMTH, BECCTEPUTH, BEDVIUTH,
KJIMHOIMPOKCEHATH X CoJiee pelKne TapuCypTATH M SKJIOTWTH. IIMpPOK-—
CEHNTH IPHCYTCTBYOT B BHIE IBYX THIOB: MarHe3MAIBHOTO I ReJe-
31CTO-MarHe3najEHOT0, KOTOpPHE pa3JN4yanTCsa COCTAaBOM OIHUX B TeX
®e MiHepaXrHrx (a3. BusyasbHO 3TO BHpamaeTcA B 3eJEHO! ¢ 4Ep-
HO# OKpacKe COOTBETCTBYRUMX KCeHCJuTOB. [lo TemmepaType  Iepe-
quCcJIeHHHe (PparMeHTH BemecTBa IJIyCHMHHHX 30H YKJIAIHBAOTCA B HMH-—
TepBaJse 980-I1157°C, a mo maBieHm0 - B AmamasoH 13-18 xdéap.
/i3yueHHHe MEHepaJbHHE IIapareHe3’CH IIOKa3HBaoT,4TO Hamdojee TJy—
OMAHHMI SBJUTOTCA KceHosmTH I'p-lim-neprioymroBoro (T=II109-1144°C,
P=I6-I8 xdap) m skxaormroBoro (T=II80°C, P=I6 kGap) mapareHeam—
cOB TpyOkm Tepremckad, 4TO COOTBETCTBYET 30He Iepexola MexIy
([IIMHEJb-IIMPOKCEHOBO! 1 TpaduT-mmponoBoil aimavm  TUyCMHHOCTHX
BemxHell mauTmm /The facies ..., I1979/. lansheiimad BepTmKaJbHad
[I0CJIEIOBATEJNBHOCTE PEKOHCTPYRPYEMOTO TJIyCMHHOTO paspe3a MOXET
OHTE IIpelicTaBleHa TJIOCaJBLHOH CMeHOl 39Toil MarHe3WaslbHO# — 3KJO-
TAT-JIePLOJUTOBO! dacTH ¢ cocymecTByolME I'p ¥ Il  OTHOCHTEJNBHO
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MeHee TIuryCmHHOH! IMpOKCEeHHT-Jepuo/mToBOil m Wl-comepmameil cepmeit
OOpOJ, TaKRe MarHe3WaJIFHOT'O THOA. BHlle 10 pa3pel3y IpefmosaraeTcs
IMPOKOE pacHpOCTpaHeHme OTHOCHTEJNLHO CoJiee HH3KOTeMIlepaTy DHHX
IMPOKCEHATOB Fe-Mg THWOA C MOJNUWHEHHHMU BeVIMTAaMU M 3aTeM I'pa—
HyJMT-IMPOKCEHATOBAA C SKJOTMTONOLOCHHMA IIOpOyamMy 4YacTk, COOT—
BeTCTBYlMAd HW3aM KOHTHHEHTANBHO! KOpH WM 30He €€ mepexola X
BeQxHe#t maHTHA.

CrenyeT OTMETHTE, 49TO Jame B [pellelaX CPaBHATEJEHO OI'paHA—
9eHHO#l oGJsacT® pacmpocTpaHeHHWA (Gas’albTOB C IJIyCMHHHMZA KCEHOJn—
TaMy JI0 CTATHCTHYECKH IIpeolialaniili THIaM IIOPOL B Da3HHX BYJKa—
HOYeCKNX TpyOKax BHABJAETCA JaTepalbHas HEONHODONHOCTE BepxHeit
MaHTIM. Ha bre 3HAUATEJBHYO DOJE B CTDOEHHA IUNIYyOMHHHX 30H mTpa-—
T - u I'p-conepramme IMpoxceHATH (TpyCxa Deje), B TO Bpemd
KaK K ceBepy W BOCTOKY [peo0jalaeT IMpPOKCEHMT-JepUIOJUTOBH THI
paspesa.

Teoxyvmaecrie xapakTepUCTERA CBHLETEJLCTBYOT B IOJE3Y TOTO,
9TO MCTOYHUROM IJIyOWMHHHX KCEHOJMTOB N MaTEPWHCKMM  CcyOcTpaToMm
LA MEJOYHO-0a3aJbTORIHEX EHIUIABOK COHJ OCOTamEHHHN JIETKMMM pell—
KAME 3EMJIAMA THI MaHTAM, B OTHEJNEHHX YacTfaX MeTacOMaTHIeCKHM H3-—
MeHEHHOH . [loABJeHNe TaKPX THIIOB CYMECTBEHHO IMPOKCEHHTOBO# Me—
TACOMaTM3XPOBAHHON MaHTMM HapANy C IpUMUATHBHON HemcTOmEHHOI
JIepHOMTOBO#® MaHTHell ABIAeTCA XapaKTepHO@ OCOGEHHOCTED 30H BHY—
TPHAKOHTHHEHTAJEHOTO pH@TOTeHe3a.

PaccmoTpeHHHE MeCTOHaXORIEHHA KCEeHOJMTOB MOT'YT GHTE [IOCTaB-—
JIEHH B OJIMH pAXN c HamboJsiee MHTEDECHHMM ¥ ‘M3BECTHHMA B ABCTpa-—
Jmum, Hoeo#t 3enanmuu, MoHrosmm, TaBaiiax.
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Table 1
Composition (wt.%) of erruptive breccias
and basaltoides of the pipe Tergeshskaya
Cocrap (Mac.?) ®DyNTEBEHX GpeKumil ¥ GasalbTOHIOB
TpyOxn Tepremckas

Rock Erruptive Basanites
_ breccias

Sp.No 1 J 2 3 ] 4 I 5 I 6%
Si0, 51,10 54,81 45,27 44,69 47,49 48,68
Ti0, 1,65 1,61 2,21 2,35 2,31 1,95
A1,04 12,23 16,39 14,09 13,74 14,18 13,99
Fe,0, 8,32 9,15 5,04 2,51 2,14 4,41
FeO 1,78 1,93 6,92 11,60 7,93 7,48
MnO 0,08 0,11 0,16 0,23 0,17 0,14
MgO0 5,44 6,76 9,56 9,02 9,74 8,11
Cal 14,36 4,76 10,49 9,55 9,99 9,58
Na,0 3,07 2,09 4,37 3,51 4,16 3,31
K,0 1,71 1,80 1,47 1,90 1,51 1,57
Cry04 0,06 0,07 0,05 - 0,05 0,06
Py0 0,20 0,52 0,37 0,90 0,33 0,72
Total 100 100 100_ 100 100 100

f 49,0 45,7 39,9 46,4 36,1 44,3
H,G 4,92 - 1,88 - 2,38 1,10
Calc.loss of ign. 8,69 8,83 0,32 2,48 1,10 3,32

Note. All analyses are scaled to 100 % after H20 and caelcinati-
on losses being subtracted, which values are given in the lower
lines. No.1,3,5 are taken from Kostyuk et al./1977/; No.2,4 are
taken from Kryukov et al1./1964/. *-in addition to the above
oxides, CO, = 1,07 wt.% is given.
[Ipmveganre. Bce aHaum3H mepecumTalH X 100 % mocie BHIATAHMA HZO
¥ O.0.0., 3HAUeHEA KOTODMX . OpMBEJeHH B R¥EHmEX rpadax. % I,3,5,
B3ATH #3 /Kocrwx m mp.,I1977/; 2,4 - 3 /KpmkoB m mp.,1964/.

*— IODOJHATEJHHO K IPHBOJOKHEM OKHCJaM ODpeleJeHO COz=I,O7mac.%.
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Table 2

Chemical composition (wt.%) of deep-seated xenoliths

of the pipe Tergeshskaya
XavauecKr# coctaB (Mac.?) IMIYOHHHHX KCOHOJHTOB
TpyOKz Tepremckaa

Crthopyro-[ Clinopyro
Rock Lherzolites (Mg~type) xenite(Fe-| xenite(Fe
Mg-type) |Mg-type)
Paragenesis| 01 +Opx+CpxX+Gr+ 01+0px+Cpx+Sp| Opx+Sp Cpx+Sp
+Sp
Sp.No. 151 8/2 |3016/3 | 8/34 162 163
SiO2 43,23 44,10 44,93 46,10 49,30 46,16
TiO2 0,27 0,12 0,08 0,20 0,42 2,15
41,04 2,88 3,00 2,43 3,50 6,84 9,36
Fe203 1,76 1,10 1,57 0,32 1,71 2,17
FeO 6,73 8,64 9,27 8,80 11,24 7,48
MnoO 0,12 0,11 0,30 0,10 0,20 0,12
Mg0 39,42 34,38 38,03 33,84 25,88 11,47
Ca0l 2,69 3,39 2,33 3,50 2,34 15,99
Na20 0,18 0,48 0,30 0,63 0,36 1,94
K20 0,02 Q0,10 0,17 0,25 0,17 0,05
Crzo3 0,30 0,31 0,28 0,33 0,17 0,03
NiO - 0,26 - 0,25 = -
P205 0,02 Tr. 0,06 0,015 0,04 0,02
co, 0,88 1,86 - 0,53 1,54 1,26
H20" 0,08 0,20 - 0,35 0,20 0,18
Calc.loss
of ign. 1,43 1,31 0,35 1,57 0,63 1,68
Total 100,02 99,36 100,10 100,29 101,04 100, 19
f 10,5 13,6 13,7 13,1 21,7 31,7

Note. Analyses No.

/1976/; No.3016/3 is taken from Kostyuk et al./1977/.

[lpmMeqanme. AHAN@MSH B3ATH: ¥ 151,162,163 m3 /Branmvupos m Ip.,
1976/;N3016/3 - =3 /Koctmx u np., 1977/.
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Table 3
Composition (wt.%) of minerals from garnet-bearing parageneses in ultramafic xenoliths
of the pipe Tergeshskaya
CocTaB muHEpPaIOB (Mac.%) E3 I'paHATCOIEPRAMAX OaPATGHE3HCOB B YJIbTDAOCHOBHHX KCOHOJHTAX
TpyCkE Tepremcrad

Rock Mg - type, lherzolites

Sp.No. 60" 8/2 8/31

Mineral Gr 01 l Opx l Cpx l Gr ] Sp 0l |0px | Cpx r Gr I Sp
Si0, 42,50 41,50 54,60 53,10 42,20 0,06 40,10 54,40 52,50 42,70 -
Ti0, 0,18 - 0,13 0,50 0,17 0,21 - 0,14 0,58 0,17 0,22
.A.1203 21,80 - 5,18 6,68 22,30 55,80 - 5,55 T,44 22,70 56,00
Cr,04 2,54 ~ 0,38 0,8 1,62 10,80 - 0,38 0,83 1,32 9,06
FeO T,14 9,3 6,60 3,25 7,55 11,10 10,80 6,64 3,26 8,00 11,80
Mno 0,26 0,07 0,13 0,03 0,31 0,13 - 0,10 0,08 0,25 0,08
Mg0 20,00 49,70 31,90 14,77 20,15 20,20 17,90 31,20 15,20 20,50 19,90
Cca0 5,69 0,07 1,00 17,75 5,60 0,15 0,10 1,01 17,90 5,02 0,02
Ne,0 - - 0,16 1,75 0,02 - - 0,24 1,88 0,08 -
Total 100,1__100,5__100,08 99,68_ 99,22 98,45 99,29 99,66 99,68 100,74 97,70
£ 16,7___9,5 10,4 __ 11,0 _ 17,4 23,4 11,2 10,7 ___10,7___17,0___21,9
12¢ (Wood, Banno, 1973) 1109 1140

12C(Wells, 1977) 1025 1072

P,kbar (Wood,1974) 16 17

* Is from a concentrate, is similar to garnet of lherzolite paragenesis in composition.
* I3 KOHIEHTpaTa, IO COCTaBYy aHAJOI'EYEH I'DaHaTy JeDHOJETOBOI'O IapaleHe3Eca,
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Table 4
Composition (wt.%) of minerals from spinel-bearing parageneses in representative
specimens of ultramafic and mafic xenoliths of the pipe Tergeshskaya

CocraB MEHepasoB (Mac.$) 3 MIAHEJHCONEDEAMAX IAPATEHE3HCOB B IpeICTABATOJLHNX
06pasrax yARTPAOCHOBHEX M OCHOBEMX KCEHOJHTOB Tpyok# Tepremckas

Rock Mg-type, lherzolites Mg—fype, Fe-Mg~type, clino-
: wehrlites pyroxenites

SpsNo. 8/107 8/34 8/40 70 T3
Mineral 01 _J Opx | Cpx ‘ Sp 01 Opx Cpx Sp Cpx Cpx Cpx
5102 41,50 54,50 52,60 ~ 40,90 53,90 52,80 - 52,90 45, 30 45,50
TiO2 - 0,05 0,31 0,14 - 0,17 0,68 0,21 0,35 1,16 1,23
A1203 - 4,46 5,00 54,1 - 5,58 7,73 59,80 6,77 11,90 10,90
Cr203 - 0,40 0,59 11,2 - 0,48 0,79 8,71 1,13 - -
FeO 9,61 6,31 3,13 13,2 10, 30 6,42 3,23 10,90 3,1 8,15 7,69
MnO - 0,24 0,11 0,30 - 0,12 0,02 0,07 0,05 - -
MgO 49,3 31,40 15,40 20,80 47,90 32,0 16,40 20,00 16,1 8,83 10,20
Cal - 0,77 20,70 - - 0,91 18,4 - 18,9 21,1 23,20
Na20 - 0,05 1,24 - - 0,24 2,13 - 1,68 1,57 1,02
Total 100,41 98,18 99,08 99,74 99, 10 99,82 101,88 99,69 100,99 98,01 99,64

f 9,9 10, 1 10,2 26,3 10,7 10,1 10,0 23,6 9,8 33,9 29,7
TeC (Wood, 1047 1190

Banno, 1973)
TeC(tells, 1977) 1913 1107




49

Table 5
Composition of minerals of megacrystalline assemblage and eclogitic paragenesis from
alkaline basaltoids of the pipe Tergeshsgkaya (wt.%)

CocTaB MPHEDAJOB ACCOIEANZM MEUAKDACTAUIOB M SKJOTETOBOIO NAPATeHE3ECA A3 MOJOTHHX
GasaisToENoB TPyOkE Tepremcras (mac.?)

lo-
Mineral Garnets Clinopyroxenes ]gki,tg TP-I

Sp. No.| 25 | 41 | -9 | m-10] /3] 141 [1/3(2] 225] 57 [113 62+ | €5+ | cpx or

8i0, 39,20 40,00 40,40 40,50 40,70 41,00 41,00 41,60 41,90 42,10 49,44 49,93 54,40 42,20

T10, 0,04 0,74 0,50 0,49 0,61 0,52 0,55 0,12 0,13 0,17 0,90 0,56 0,32 0,12
A1203 20,60 22,00 22,40 22,3 22,0 22,30 22,10 22,60 20,80 21,10 9,11 8,29 9,24 23,60
Cr203 0,15 0,08 0,01 0,0 0,03 0,0 0,0 0,73 2,21 0,39 - - 0,03 0,01
FeO 23,20 18,10 13,60 13,70 15,80 13,30 14,60 10,00 10,40 11,80 9,30 8,94 4,53 11,30
Mno 0,82 0,31 0,32 0,34 0,36 0,33 0,38 0,28 0,26 0,27 - - 0,05 0,14
MgO 10,90 12,30 15,80 14,50 14,30 16,10 14,80 18,30 17,40 17,40 13,90 15,50 12,90 18,50
Ca0 3,75 6,62 5,46 5,43 5,27 5,40 5,44 6,33 6,22 6,38 15,05 14,02 17,10 4,83
Na,0 = - 0,12 0,12 0,14 0,12 0,13 - - - 1,55 1,45 2,75 -
Dotal 98,66 100,15 98,61 98,38 99,21 99,07 99,00 99,96 99,32 99,61 99,24 98,70 101,32 100,70
£ 52,5 44,8 32,5 33,2 38,3 31,7 35,5 22,4 25,1 27,6 27,2 24,4 16,4 25,5

* Analyses from Kostyuk et ale, /1977/. For eclogites TP-I T=1180°C gand P = 16 kbar /Ellis,

Green, 1979/, o
¥ ppaymmsH w3 Koctew w xp. /I977/. Iia awnormro TP T=II80°C m P=I6 xGap /Ellis, Green, 1979/.



Table 6
Chemical composition (wt.%) of deep-seated xenoliths and host basaltoids in pipe Bele
Xmvmgeck®# cocraB (mac.?) TVIyGHEHMX KCEHONETOB X BMeNaniX Ga3aJbTOENOB B TpyOke Bese

Rock Spinel lherzolites Spinel pyroxenite (cumulete) Host basaltoids

Sp.No. [ 37 |11/51|  11/59 B-10 82-78] 16-7851/2 | 11-78
510, 43,50 45,40 45,30 51,20 45,47 45,81 45,94 46,89
Ti0, - 0,20 0,11 - 2,36 2,86 2,33 2,75
41,04 3,42 3,40 2,20 3,42 14,66 14,51 13,89 13,79
Cr, 04 0,40 0,27 0,38 1,05 - - 0,05 - -
Fe,04 0,98 0,31 2,42 2,45 3,03 6,92 3,91 8,44
FeO 7,7 9,22 17,99 3,55 9,98 6,50 10,38 5,00
Mno 0,13 0,10 0,14 0,13 0,85 0,16 0,16 0,75
MgO 39,10 395,48 32,94 17,90 8,91 8,34 7,68 17,84
ca0 3,04 3,10 4,76 17,10 9,66 9,81 9,50 9,04
Na 0 0,21 0,69 0,32 1,43 2,44 2,59 3,37 3,18
K50 0,08 0,30 0,25 0,53 1,57 1,63 1,55 1,48
20 0,02 0,01 0,02 0,02 1,07 0,87 1,21 0,84
Nio____ 0,20 __0,26__ 0,23 0,05 - emmiTeme= 0,83 =
o, - 0,53 2,13 - Total 100 100 100 100
Hzo' - 0,05 0,20 0,82 0,26 0,76 0,65 0,74
H,0" 0,86 0,88 1,17 0,98 2,94 3,28 2,41 5,95
Total 99,72 __100,12_100,56 100,63 ______ [l ______ e e
f 10,6 _1212____1214 1215 _______ iglq___2212__§§12___§§L2__

Note. Analyses of basaltoids are scaled to 100 % after HEO and calcination losses being subtracted,
which values are given in the lower lines.
[lprMedaHne. AHaMSH Ga3albTORINB HepecTdTaRH k 100 %, mocjae BHIMTAHAA HZCT' i HQOf 3HaYeHnms XOTODHX

B HUEH#EX T'padax.
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Table 7

Composition of co-existing minerals (wi.%) in representative garnet- and spinel-bearing

parageneses in xenoliths of the pipe Bele

CoCTaB COCYMecTBYNNAX MAHeparnoB (Mac.%) B OpPeNCTABETENLHHX PpaHar- H INIHHEJECOJE[RANX

napareHe3ECax B KCEHOMMTAX TPYORM Bexe

11/67, Pe-Mg - type

11/51, Mg - type

o1 l Opx ] Cpx 1 Sp

40,70 53,90 50,50 =~

101,56 99,93

Sp. No. 11/52, Mg
Mineral 01 [ Opx
3102 40,50 54,80
TiOE - 0,16
M203 - 5;33
Cr203 - 0,50
FeQ 10,6 6,68
¥no - 0,10
¥g0 48,10 32,30
Cal - 1,09

_Hfgo ] 0,19

Total 99,20 101,15
f 11,0 10,4

79¢ (Wood, Banno, 1973)

1%c(wells, 1977)

P, kbar(Wood,1974)

0,69 0,24
7,86  57,90.
0,72 7,67
3,47 11,20
0,15 0,21
14,40 20,90
18,20 -
2,00 -
98,39 98,60
11,9 23,1

1113

1037
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Table 8

Composition (wt.%) of minerals from a concentrate and assemblage of megacrystals of the
pipes Kongarovskaya (I), Baradzhulskaya (II) and Bele (III)
CocTaB (Mac.%) rEHepaNoB 3 KOHOGHTpaTa E aCCONUAINE MeTaRPHECTALIOB TPyGoX KoHrapomcras (I),
BapaggyancRad (II) m Bene (III).

Finding Megecryst. Concentrate | Concentrate From Sp Phenocryst.
conditions Concentrate (I) %1) (1I1) (I1I1) wehr.(III)| basaltoides
Sp.No. 16 39 30 61 179 195 1 2 11/2 81 82
Mineral Gr Gr Gr Cpx Gr Gr Gr ~ Gr Cpx Cpx | Cpx
SiO2 41,60 38,70 39,60 49,42 41,70 40,40 42,40 42,10 53,60 47,82 46,58
Ti0, 0,11 0,15 0,04 1,12 0,04 0,07 0,06 0,05 0,10 2,13 3,48
.1\1203 22,40 20,80 22,20 9,20 23,00 22,50 20,60 21,60 5,26 9,33 6,11
Cr203 0,45 0,00 0,07 0,04 0,00 0,01 3,57 2,33 0,70 - -
FeO 11,00 27,40 26,80 8,97 11,20 15,20 7,32 9,24 3,02 6,90 8,32
¥MnO 0,39 0,46 0,26 0,11 0,20 0,30 0,34 0,42 0,04 - -
MgO 18,10 3,45 11,20 13,55 17,60 15,40 20,60 19,30 15,80 12,18 11,69
cao 5,81 9,76 0,96 15,14 6,35 5,57 4,80 4,85 20,0 20,78 23,42
Na,0 0,02 0,04 0,11 0,03 0,03 0,03 0,03 0,02 1,85 1,56 0,68
Total 99,88 100,26 101,25 99,58 100,14 99,47 99,69 99,91 100,37 100,71 100,30
£ 25,5 81,7 57,2 27,1 26,4 35,8 16,6 21,2 9,7

Note. Analyses No . 61,82,81 are taken from Kostyuk et al. /1977/.
Opeveuamwe: AHaymsH 61,8I,82 p3dtu m3 /Koctmr = mp., 1977/.
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Composition (wt.%) of ultramafic xenoliths and host basalts from volcanic pipes

of Khakasia

Coctes (Mac.%) y/IBTPaOCHOBHHX KCEHOJMTOB E BMEMAKIVEX Ga3alLTOB 3 BYJIKaHAYSCKAX

TpyGoK XarRacHH

Table 9

Rock Ultremafic xenoliths Host  basaltoides
"Pipe Near Ter- Kongarov- | Krasno- Kongarovskaya Baradzhul~| Near Ter- Tri
geshskayae | skaya ozerskaya skavya geshskaya Brata
. 9/2 4/51 | 5-10/6 | 9-4/8 | 9-6/25 | 3-5/34 9/8 3-3/5
510, 45,58 46,10 43,67 44,04 45,66 44,74 46,29 47,28
Ti0, 0,54 0,07 2,53 2,29 2,32 2,75 2,34 2,12
41,04 3,56 3,53 12,81 12,97 13,49 13,21 13,43 13,58
Cry04 0, 41 0,22 0,05 0,07 0,04 0,06 0,05 0,04
Fe,04 0,82 1,92 4,12 2,51 2,86 5,28 4,02 4,39
FeO 11,48 7,48 10,19 9,37 9,93 7,92 9,10 8,55
¥n0 0,12 0,10 0,18 0,16 0,17 0,15 0,17 0,18
Mg0 31,91 37,13 9,98 12,25 9,20 10,32 9,92 9,25
Ca0 4,12 2,47 9,08 10,31 8,82 8,57 9,26 9,23
Ne,0 0,83 0,63 4,29 3,82 3,80 3,36 3,31 3,11
K50 0,36 0,10 1,65 1521 1,66 2,39 1523 1,42
Py 0,04 0,01 1,42 0,96 1,03 1,22 0,87 0,84
Ni0 0,23 0,24 0,03 0,04 0,02 0,03 0,01 0,01_..
Total 100 100 100 100 100 100 100 100___
co, 0,27 0,27 - = - = = -
(H20") ,1.0.10,92) (0,99) 1,72 2,17 1,80 5,31 2,77 4,41
H,07 0,25 0,30 0,46 2,83 0,96 0,52 0,20 0,34
£ 17,0 11,2 40,5 32,7 40,6 35,9 38,2 39,0
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Table 10

Composition (wt.#) of minersls in representative specimens of spinel lherzolites

of the pipe Baradzhulskays
Cocras (mac.%) MWEEpPAIOE B IPOICTABHTENHEHX 0CDasNaX MNEHENEEHX Je[HOAHTOB
' TUYOKE Bapaizy/ibcKai

Sp._No. 5/5 o 5/6 1 5/53 I
Mineral 01 | Opx ‘ Cpx ‘ Sp o1 J Opx I Cpx 1 Sp o1 | Opx | Cpx I.Sp
510, 40,10 55,50 54,30 0,05 41,00 54,60 51,40 0,05 41,00 57,40 52,60 -
Ti0, - 0,07 0,22 0,10 - 0,12 0,74 0,34 - 0,10 0,19 0,24
A1,04 - 3,94 5,54 54,80 - 3,55 5,64 53,40 - 2,47 3,29 39,00
Cr 04 - 0.31 0,59 11,80 - 0,16 0,31 6,30 - 0,34 0,76 24,20
Fel 9,82 6,19 2,84 11,90 15,10 9,81 4,58 23,80 9,18 6,27 2,78 16,60
Mn0 0,15 0,10 0,03 0,12 0,14 0,13 0,16 0,16 = 0,13 0,12 0,64
Mg0 48,30 33,50 15,70 21,00 44,70 31,40 14,30 14,40 49,80 34,70 15,60 17,90
Ca0 0,07 0,68 20,30 - 0,05 0,46 22,40 - - 0,45 21,90 -
Na,0 - 0,12 2,01 - & 0,07 0,98 - = 0,05 1,07 -
Total 98,49 __100,31_101,53_99,77__100,99_100,30_100,51_98,45_100,78__101,91 98,30 98,58
£ 10,3 9,4 9,2 24,2 15,90 15,00 15,3 48,1 9,4 9,2 9,1 34,2
19¢(Wood, Banno, 1973) 1076 980 _ 994
™o¢ (Wells, 1977) 969 .897 876
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Table 11
Composition (wt.%) of minerals in representative xenoliths of spinel lherzolites
of the pipe Kongarovskaya
CoctaB (Mac.%#) MEHepaJoB B IPENCTABATENBHHX KOGHOJMTAX UIMHEJSBHX JODHOTIETOB

o 2R 4722 482
Mineral 01 Opx I: Cpx l: Sp 01 ] Opx J Cpx ] Sp 01 ] Opx Cpx Sp
sEo2 41,00 55,10 52,50 - 40,70 55,80 53,50 0,06 41,00 56,00 53,60 -
Ti0, - 0,04 0,18 0,11 0,03 0,07 0,18 0,15 - 0,07 0,22 0,16
A1,04 - 4,18 6,51 48,80 -~ 3,19 4,30 50,60 - 3,49 3,60 55,00
Cry04 - 0,54 1,13 19,60 -~ 0,31 0,56 15,90 - 0,32 0,49 13,00
FoO 8,90 5,79 2,98 13,60 9,80 6,31 2,91 14,40 9,79 7,85 3,23 15,80
Mno 0,16 0,11 0,07 0,14 0,16 0,09 0,04 0,16 - - 0,02 0,16
MgOo 49,40 33,00 15,50 16,90 48,60 33,30 16,20 20,10 49,00 33,30 16,90 17,20
Cao 0,08 0,78 19,70 - 0,07 0,55 21,80 = - 0,65 22,0 -
NagO - 0,22 2,24 - - 0,07 1,10 - - 0,09 0,72 =
Total 99,54 99,76 100,81 99,15 99,36 99,69 100,59 101,40 99,79 101,68 100,78 101,32
T 9,2 9,0 9,7 31,1 10,1 9,5 9,2 28,6 10,1 11,7 9,7 34,0
¢ (Wood, Banno,1973) 1112 1054 nar
¢ (Wells, 1977) 953 953 T e T

Note. 6/12 is from a bassal pipe near the pipe Kongarovskaya.
IpemedanEe. 6/I2 B3 Ga3anbToBOf TDYOKE pATioM ¢ TPyGKo KoHraposckas.
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Composition (wt.%) of minerals in ultramafic Xenoliths of khakassia pipes
CocraB (Mac.?) MEHepanoB B yJIBTPAOCHOBRHX KCEHOJHTAX xaxaccxnx TPyGoK

Table 12

E{;;' ——————— :J __________________________ EI»;;SSE;E;E;;E Tri Brata
Spolon T 10/6 - 05 [3526/8 T372
DE;;;;].. T 61 ] Opx ] Cpx :I Sp 01 ] Opx | Cpx ] Sp l Cpx o1 Opx ] Cpx“ 5;—
Si02 40,40 55,60 51,90 0,10 40,10 54,50 52,50 0,07 50,60 40,80 55,50 51,70 0,09
TiO2 - 0,06 0,24 0,21 0,02 0,08 0,30 0,10 0,70 0,02 - 0,16 0,12
4,0 3 - 4,68 5,89 56,20 - 4,14 4,47 61,60 5,28 - 3,52 3,35 45,90
Cr 03 - 0,37 0,70 10,80 - 0,04 0,05 0,64 " 0,12 - 0,42 0,87 19,50
FeO 9,71 6,39 3,34 13,00 14,00 10,90 5,27 21,80 4,79 11,10 7,07 3,37 17,20
MnO - - 0,11 0,10 0,18 0,10 0,06 0,15 = 0,20 0,14 0,10 0,24
MgO0 48,30 32,80 15,60 18,50 45,60 30,30 15,40 16,70 14,80 46,90 32,00 16,80 17,70
Ca0l - 0,73 20,80 - 0,12 0,60 22,90 0,01 23,40 0,07 0,72 21,70 =
Nazo - 0,09 1,40 - - 0,09 0,57 - 0,63 - 0,23 0,79 =
K20 - - - - = 0,01 0,02 - - - - - -
Total 98,41 100,7 99,9 98,91 100,1 100,7 101,5 101,1 100,32 99,09 99,60 98,84 100,75
f 10,1 9,8 11,2 28,3 14,7 16,8 16,1 42,2 15,4 11,7 11,0 10,1 35,3
12¢(Wood , Banno, 1973) 1086 997 1093
¢ (\-lells,1977) ) 997 938 1014
Note. Apalysis No. 3026/8 is teken from /Kostyuk et al., 1977/.

Opmveganrme. Arsums f 3026/8 samvcrsoBar m3 /KocTik m np., I977/.
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Composition (wt.%) of minerals from spinel lherzolites in & basalt pipe near

the pipe Tergeshskays

Cocrap (mac.?) MEHeDaJIOB WMIMHENEBHX JEPUOJETOB B Ga3albToBoi TpyOKe BOIMSH

TpyOKE TepremcKas

Table

13

sp. No. | s/s T s/s 9/2

Mineral ol[opy] '6;;']'5.?.“ o1 ] Opx } Cpx l s | o ] Opx [ Cpx ] Sp
510, 50,60 54,40 51,80 - 41,60 55,80 53,60 0,06 41,10 56,50 53,20 0,07
Ti0, = 0,16 0,33 0,20 0,02 0,06 0,08 0,11 - 0,06 0,27 0,23
0,0, - 4,62 5,95 54,60 - 3,90 5,92 48,10 - 3,51 4,46 55,80
Cr203 = 0,49 0,72 13,00 0,03 0,43 0,84 18,20 - 0,24 0,46 11,60
FeO 9,76 6,56 3,66 13,20 9,67 6,20 3,16 14,60 10,10 6,23 2,95 12,50
Mno - 0,12 0,11 0,15 0,17 0,11 0,07 0,24 0,14 0,10 0,04 0,13
Mg0 48,70 31,10 16,00 18,7 48,30 33,40 16,00 17,80 48,30 34,20 16,50 19,50
Ca0 - 0,92 19,60 = 0,08 0,76 19,90 0,01 0,14 0,43 21,60 =
Na,0 - 0,3 1,38 - - 0,20 1,97 = = 0,08 1,15 -
K2O - = — = — 0,02 0,01 - - _— — -
Total 99,06 98,50 99,55 99,85 99,88 100,84 100,54 939,14 100,28 101,41 100,63 99,83
f 10,1 10,6 11,4 28,4 10,1 9,4 10,0 31,5 10,4 9,3 9,12 26,4

19¢(Wood, Banno,1973) 1140 1103 1090

™°C (Wells,1977) 1069 1000 988

e e o e e A e T T o o e
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