GEOLOGICKY ZBORNIK — GEOLOGICA CARPATHICA, 37, 6, BRATISLAVA, DECEMBER 1985,
Pp. 681—(92

DMITRY A. IONOV*

SPINEL PERIDOTITE XENOLITHS FROM THE SHAVARYN-TSARAM
VOLCANO, NORTHERN MONGOLIA: PETROGRAPHY, MAJOR
ELEMENT CHEMISTRY AND MINERALOGY

(Figs. 7, Tabs. 3)

Abstract: Alkalic basaltic rocks within the Tariat depression in the
northern Khangai highland, central Mongolia, contain mantle xenoliths
which are particularly abundant and diverse in the Shavaryn-Tsaram
cinder cone. The xenolith suite is dominated by primitive and slightly
depleted spinel lherzolites with Na and Al-rich clinopyroxenes and
low-Cr spinels, harzburgite nodules with low-Al high-Cr pyroxenes
and spinel are very rare. Variations of major element contents in most
peridotites show good mutual correlations and also correlate with Mg-
-number of silicates and Cr content in spinel in keeping with the
concept of partial melting of primitive mantle. Mica and garnet-bearing
rocks occur.

Peswme : Illenounsie Oasansronasl TapATCKON BHOAJMHLI Ha CEBEPE XaH-
rafckoro Haropesi B MHP cojep:aT MaHTHITHBIE KCEHOJMMTHI, OHM 0cODEHHO
00MJIbHBl M pa3sHooOpa3sHel B NMHUPOKIACTMKE BYJIKAHMYECKOro anmnaparta llla-
BapeiH-Llapam. 3peck npeoGnajaior npuMMTHBHEIE M caabo JerieTHpoBaH-
HBIC JIEDHOJIMTEL ¢ CJIHHO3EMMCTBRIMM KIMHONMPOKCEHOM M IUNHMHEIBH, HO
€cTb M rapudypruTel ¢ XPOMMCTOM INIMHENBIO. Bapuauum cojepyKanuil
IJiABHBIX OKMCJIOB B OOJBIIMHCTBE INEPHMIAOTHTOB YEIKO KOPPEIMPYIOT APYT
C JIPYroM, a TakKKe C Marte3majbHOCTBIO CHJIMKATOB M XPOMMCTOCTBIO IUIMM-
HEJI B COOTBETCTBMM C MOJENbIO HACTMHYHOrO IUIABJEHMA IMPUMWUTUBHON MaH-
THH., VIMEWOTCA TAKMKE CHWOAMCTHIE 1 TPAHATCOAEDKALME NEPHIOTHTLL 1 CIAOM-
HBIC KCCHOJMMTHI.

Ultramafic xenoliths in alkalic basalitic rocks are a major source of in-
formation on the structure and composition of the upper mantle beneath the
continents. Volcanic fields associated with the Baikal rift system at the territory
of the US.S.R. and Mongolia make up the largest areal of Cenozoic alkalic
basaltic volcanism in Asia. Young volcanic rocks of the Khangai highland
in the central Mongolia are located in the extreme south-eastern part of this
areal. On the northern slope of the Khangai rise, at the junction of the
Sumein and Choloot rivers, the Tariat depression is located — a graben-like
structure filled with Pliocene to Recent alkalic basitic lavas (Fig. 1). A few
voleanic centers have been recognized along its flanks, their deposits often
containing mantle xenoliths and megacerysts (Kenem nucxac, 1979).

The most abundant and diverse are mantle xenoliths in pyroclastic deposits
of the Pleistocene eruptive center Shavaryn-Tsaram some 20 km southeast
of township Tariat. Shavaryn-Tsaram is a low cinder cone with an outcrop
of 600 < 350 m consisting of lava breccias, tuff breccias, cinder deposits with
lapilli and volcanic bombs. The fragments of wvolcanic rocks are alkalic
potassium-rich basaltoids: porous and streaky potassic basanites, limburgites,
alkalic basaltic glasses. Peculiar chemical features of these rocks are high
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total alkali content (about 8—9 %) causing a high degree of silica under-
saturation with normative feldspatoids reaching 20—30 %, rather low Mg-
-values (0.4—0.6), K,O/Na,O ratio is relatively high approaching unity
(Kenmemuuckac, 1979).

Abundant xenoliths of crustal (granitoids, granulites) and mantle rocks occur
in pyroclastic deposits of the volcano as well as megacrysts of clinopyroxene.
garnet, mica and sanidine. Spinel peridotite nodules reach 50 em in size and
are sharply dominant among the mantle xenoliths. Some garnet-spinel
lherzolites and pyroxenites, green and black spinel pyroxenites also occur.
The general characteristic of xenoliths in the occurrence has been given by
Kenemnuckac (1979).
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T'ig. 1. Geographical location of the Tariat depression and the Shavaryn-Tsaram
volcano. Compiled using data of Kemexwuncxac (1979) and Press et al
(1986).

The aim of this paper is to provide some data on the structure and com-
position of uppermost horizons of the upper mantle beneath the northern
Mongolia on the basis of detailed petrological characteristics of spinel perido-
tite xenoliths of the Shavaryn-Tsaram volcano. The peridotites constitute
a series from pyroxene-rich lherzolites to clinopyroxene-bearing harzburgites
sharply dominated by lherzolites. The abundance of primitive or slightly
depleted lherzolites is a distinctive feature of the Shavaryn-Tsaram peridotite
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series by contrast with nodule suites in most alkalic basaltic provinces of the
world where more depleted peridotites (lherzolites-harzburgites) are more
common.

Petrographic description

Lherzolites from the Shavaryn-Tsaram volcano are very fresh friable rocks,
rare harzburgitic xenoliths are smaller and well cemented. The lherzolites
contain as an average about 60° olivine, 10—15 % clinopyroxene, ortho-
pyroxene content is higher than that of clinopyroxene, spinel ranges from
1 to 3%. However, in the whole peridotite series modal compositions are
highly variable: olivine 40—380 %/, clinopyroxene 1 — 15—20 °/. The lherzolites
typically have massive structure though clinopyroxene and spinel grains may
show vague lineation patterns or concentrate in clots. Texture is allotrio-
morphic-granular, deformation features are very weak. Olivine and orthopyro-
xene range from 1 to 3 mm in size, rare orthopyroxene porphyroclasts about
5 em across sometimes occur. Clinopyroxene and spinel have smaller grain-size,
spinel occurs as very irregular grains or forms intricate intergrowths with
orthopyroxene. Texturally the rocks belong to the common for mantle perido-
tites protogranular or coarse type.

The harzburgites may contain less than 2 % of clinopyroxene, spinel in them
usually occurs as rare singular grains, grainsize of minerals varies greatly.
Olivine not infrequently is represented by equidimentional and polygonal
grains with stright or slightly curved grain boundaries with dominating
120° triple junctions, small grains of clinopyroxene and spinel are often
confined to the latter. The textures are very similar to granuloblastic or
mosaic and seem to be brought about by intensive metamorphic recrystal-
lization. Some peridotites contain singular grains or small clots of accessory
mica. Micaceous lherzolites (4230/16 and others) were also found which are
fine-grained foliated rocks with equigranular-mosaic texture containing a few
per cent of phlogopite. Few garnet-spinel lherzolite nodules have been found.
They have higher pyroxene contents than most spinel lherzolites, garnet occurs
either as rims around spinel or elongated blebs along grain boundaries.

Bulk rock chemistry

Bulk rock analyses show significant major and minor element variations
(Tab. 1) which are at a first approximation due to the observed variations
in modal composition. Fig. 2 demonstrates that all major oxides show good
linear correlations with MgO. Similar trends are seen in Fig. 3 where FeO,
CaO, Al,O; and TiO, are plotted against the bulk rock Mg-values. The negative
correlation between MgO and SiO,, Al,O; CaO, NasO and TiO. contents
virtually reflects the decrease of modal pyroxenes (first of all clinopyroxene)
in more magnesian (olivine-rich) peridotites. On the other hand, the decrease
in total iron as MgO content and Mg-value go up demonstrates that in spite
ol the decrease in modal pyroxenes (which contain less iron than coexisling
olivine) in harzburgites, simultaneous decrease in olivine fayalite content has
a more significant overall effect.
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On the whole, the bulk rock major element variation patterns shown in
Figs. 2 and 3 are consistent with the concept of partial melting of initial
material (primitive lherzolite) rich in basaltic components whose composition
projects close to the peridotite trend in these diagrams. The compositional
variations may be caused either by different degrees of melting (Nickel —
Green, 1984) or varying degrees of removal of the melt from the restite.
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Fig. 2. A plot of MgO versus some major and minor oxides content in bulk rock
peridotites.
Explanations: Filled circles — lherzolites; open circles — harzburgites; triangle —

wherlite.

Deviations from the trends for some specific nodules can also be explained
in the framework of this concept. The relative enrichment of CaO in the
nodule 4500/11 is due to the presence of a band (vein) of a clinopyroxene-rich
rock (wherlite). Such segregations in mantle peridotites. first of all. veins of
green pyroxenites may have been formed as a resull of crystal segregation
from high-Mg primary mantle magmas of the type of picrites in cracks and
pockets in peridotites. Subsequent mineral exsolution from the initial high-
-temperature pyroxene phase gave rise to polymineral websterites. Mineral
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compositions in the green websterite and lherzolite zones of a few composite
nodules studied so far are almost the same suggesting a very primitive nature
of the magmas parental for the websterites that were in chemical equilibrium
with common mantle peridotites.

Note also that two harzburgitic nodules (4399/26, 4500/17) have higher total
iron than is required by the trend determined by all the other samples (Figs.
2, 3). This indicates that the two rocks were enriched in iron as a result of
a process other than that responsible for the general trend and probably
superimposed on the latter. The presence of mica segregations in 4500/17 (see
Tab. 3) and of fine-grained material along cracks and grain boundaries in
4399/26 suggests that this process may have been mantle metasomatism.

The absence of positive correlation between MgO and chromium might
seem contradictory in view of the well-known geochemical behaviour of the
latter as a ,refractory” element. This ,anomaly” may be due to the fact that
in primitive mantle peridotites Cr is a minor isomorphous component of the
phases (spinel and clinopyroxene) which are the first to be involved (and
consumed) in partial melting.

The most outstanding feature of the major element chemistry of the
Shavaryn-Tsaram peridotite xenolith suite is the predominance of primitive
and slightly depleted nodules. Thus,
the examination of Tab. 1 shows that
the average contents of various oxides
in lherzolite nodules typical for the
occurrence (4230/16; 4500/8, 21, 33;
4594/2. 6; STZ-1): 3.8% AlO; 3.0 %
Ca0, 0.32 °/v NaO, 37.8 °/o MgO etc. are
very close to estimates of primary
mantle compositions or pyrolite mo-
dels. Similar conclusions have been
arrived at by Press et al. (1986) who
studied the petrology of another set of
Shavaryn-Tsaram lherzolite nodules.
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Mineralogy

Composition of minerals of the spinel peridotites (Tab. 2) changes systema-
tically from lherzolites to harzburgites. A good positive correlation between
the Mg-values of olivines and bulk rocks (Fig. 4) might seem quite obvious,
but it demonstrates once more that the both parameters are the precise
indicators of crystal-liquid fractionation processes (partial melting degree) and
can be directly matched with petrochemical characteristics of the peridotites
(Figs. 2, 3). High-Cr spinel as well as high-Cr (up to 1.5 % Cr.03) and low-Al
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Fig. 4. A correlation diagram for olivine Fig. 5. Mg/(Mg-+}Fe) in olivine versus
and bulk rock Mg-values. Cr/Cr-Al) in spinel.

(about 2% Al:Os) clinopyroxenes have never been reported before for Sha-
varyn-Tsaram peridotite nodules. Their rareness once more stresses the relatively
primitive nature of the volcano peridotite series, this time from the viewpoint
ol mineralogy. The Cr/(Cr+ Al)at ratio reaches 0.4—0.5 for the most magnesian
peridotites (harzburgites) (Fig. 5) whereas for peridotites with olivine Mg-
-values of 0.888—0.900 those ratios are almost identical and center around 0.1.
If spinel chromium content is taken as a major indicator of partial melting
degree of initial mantle peridotites. then all the nodules with Mg-values
within this range should be attributed to primary or primitive peridotites.
Fig. 6 drives one to a similar conclusion. It demonstrates that the alumina
content of clinopyroxenes increases from 2 to more than 7 % as olivine Mg-values
increase from 0.92 to 0.90, but then remains constant for the lherzolites with
the same Mg-values range of 0.888—0.900. This may suggest that Mg/Fe ratios
and probably some major oxide contents in primitive mantle peridotites vary
within certain limits. This is indicated by the comparison of primitive perido-
tites from Shavaryn-Tsaram with those from other xenolith suites (Press
et al., 1986).
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Pyroxene thermometry

Mineral equilibrium temperature estimates using Wells (1977) thermo-
meter give the range of 850—1100°C (Mowunos et al, 1984). The highest tem-
peratures show garnet-spinel lherzolites. and the lowest — micaceous spinel
peridotites (Fig. 7). In the former case this is due to the deeper origin of
garnet-bearing rocks. in the latter the possible explanations may be either

T
N ©
o R
2 f/
& = ::.;T: é
2] e
. B
9l ey 900 1000 mo  T,0C
e A )
E ,° n o ° O
&, ol ? 2
S ° o4 [ 2
< . ] o .
o I -%
o .88 290 082
'd .1 T Oy
Mg /(Mg +Fe) 900 wee oo 1,0

Fig. 6. Mg/(Mg+Fe) in olivine versus Fig. 7. A histogram of mineral equilibra-
Al,O, content of clinopyroxene. tion temperatures distribution for various
Shavaryn-Tsaram xenoliths.

Explanations: Geothermometers: 1 —

Wells (1977), 2 — Sachtleben—

Seck (1981). Additional data from

(Mouos et al., 1984) have been used. 1

— common spinel peridotites: 2 — mica-

ceous spinel peridotites; 3 — pyroxe-

nites; 4 — garnet-spinel lherzolites.

the decrease of mineral equilibration temperatures during metasomatic trans-
formation by fluids or the occurrence of the hydrous peridotites in the upper-
most mantle horizons. The temperatures for common spinel peridotites range
from 900 to 1050 °C. not showing any relationship with modal or chemical
composition of the xenoliths and probably are defined by their different depths
in the mantle section in accordance with the local geotherm. If the peridotites
had suffered a partial melting event (T = 1300—1400 °C) they must have gone
through a durable cooling stage afterwards accompanied by extensive dif-
fusional redistribution of ions in mineral structures. Pyroxenes in some
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Table 3
Microprobe analyses of phlogopites from peridotite xenoliths of the Shavaryn-Tsaram
volcano
4230/16 4500/17 4500/21 4500/33
SiO. 38.22 38.18 38.60 39.68
TiO. 6.16 ; 3.78 4.34 4.11
Al.O, 14.52 16.62 15.88 17.38
Cr,0, 0.48 1.68 0.70 0.72
FeO* 3.95 3.44 .75 3.59
NiO 0.15 0.20 0.18 0.19
MgO 21.50 21.94 21.39 21.50
BaO 1.64 n. d. 0.82 0.07
Na,O 0.80 0.40 0.80 0.77
K.O 8.72 9.58 8.66 9.33
Total 96.14 95.82 95.20 97.31

peridotites exhibit fine exsolution lamellae and slight zoning (higher Al and
Cr in central parts of larger grains). The use of other geothermometers
(Sachtleben—Seck, 1981) gives 40—80° higher estimates (Fig. 7) bul
does not change their distribution pattern.

Hydrous phases

Mica is the most common hydrous phase in the =xenoliths and accessory
amphibole occurs very rarely, unlike most other xenolith suites in alkaline
basalts of the world. The micas are high-Mg phlogopites with rather variable
(mostly high) contents of TiO, as well as BaO (Tab. 3) (Mouos et al. 1983).
The presence of cross-cutting mica veinlets and petrographical evidence for
the replacement of spinel and other minerals in some peridotites suggest that
the introduction of mica is the result of mantle metasomatism.

Acknowledgements: The author is indebted to Prof. V. I. Kovalenko for
guidance in work and to Dr. A, V. Goreglyad for valuable assistance in field
and laboratory studies. S. E. Borisovsky performed microprobe analyses on
the .Cameca” microprobe of the IGEM. XRF analyses were made by L. N. Ma t-
veeva in the Institute of Geochemistry, Siberian branch, US.S.R. A. S.; wet chemi-
cal analyses — by L. P. Necrasova inthe IGEM.
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