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The sub ject of the study are the re la tion ships be tween the Late Tri as sic A-type gran ites of the Baga-Gazriin Chuluu pluton in Cen tral
Mon go lia and the mag matic bod ies lo cated ei ther ad ja cent to or a short dis tance from this in tru sion. We com pare new geo chem i cal data
from the most rep re sen ta tive sam ples of the Baga-Gazriin Chuluu pluton with pub lished data from the Me so zoic granitoids of the
Egiindavaa com plex and Tsagduul mas sif in the Hotont area. The geo chem i cal anal y ses of all these granitoids are also com pared with the
geo chem i cal char ac ter is tics of trachyandesites of un known age which neigh bour the Baga-Gazriin pluton. The Baga-Gazriin gran ites,
most of the Tsagduul gran ites and a few sam ples from Egiindavaa are A-gran ites with strong crustal af fin ity. By con trast, most of the
Egiindavaa granitoids in clude con sid er able man tle-de rived ma te rial and thus seem ingly formed in dif fer ent con di tions, with a higher wa -
ter con tent in the magma. The trachyandesites ad ja cent to the Baga-Gazriin Chuluu pluton have been re ferred to a Perm ian vol cano-sed i -
men tary com plex, mak ing them dis tinctly older than the granitoids. All the A-type gran ites dis cussed were emplaced in extensional
con di tions, which de vel oped af ter ces sa tion of the compressional re gime re sult ing from the clo sure of the Mon gol-Okhotsk Ocean. The
shal low-ly ing source for their gen er a tion was con nected with slab break-off or the pres ence of a hot spot. The granitoids, in the late stage
of crystallisation, were en riched in com plex ions that were REE car ri ers, as shown by a dis tinct “tetrad ef fect”.

Katarzyna Machowiak, In sti tute of Civil En gi neer ing, Poznañ Uni ver sity of Tech nol ogy, Piotrowo 5, 61-138 Poznañ, Po land, e-mail:
kamachow@amu.edu.pl; Wojciech Stawikowski, In sti tute of Ge ol ogy, Adam Mickiewicz Uni ver sity, Maków Polnych 16, 61-606 Poznañ, 
Po land, e-mail: wojst@amu.edu.pl (recevied: No vem ber 29, 2011; ac cepted: May 25, 2012; first pub lished on line: July 27, 2012).

Key words: Cen tral Mon go lia, Baga-Gazriin Chuluu pluton, A-type gran ites, geo chem is try, Hotont area granitoids.

INTRODUCTION 

Mon go lia oc cu pies a key po si tion in the large-scale tec tonic 
struc ture, termed the Cen tral Asian Orogenic Belt (Windley et
al., 2007), known also as the Altaids (Xiao et al., 2010). This
con ti nen tal-scale unit was formed as a re sult of the amal gam -
ation of nu mer ous tectonostratigraphic ter ranes of dif fer ent
geo log i cal histories (e.g., Badarch and Tomurtogoo, 2001). It
has been re garded as a model ex am ple of an an cient
accretionary orogen, i.e. the  type of orogen con nected with the
growth of new con ti nen tal crust (Cawood, 2009).

Ac cord ing to re cent stud ies, (e.g., Mossakovsky et al.,
1994; Badarch et al., 2002, Buchan et al., 2002, Yakubchuk,
2008), the pres ent geo log i cal struc ture of Mon go lia has been
formed by com pli cated ac cre tion and subduction pro cesses
tak ing place from the Neoproterozoic up to the Me so zoic. The
traces of the terrane dock ing events are nu mer ous tec tonic su -
tures with fre quently pre served frag ments of oce anic litho -

sphere in the form of ophiolitic se quences. The two main oce -
anic bas ins which closed dur ing the for ma tion of the Cen tral
Asian Orogenic Belt were the Paleo-Asian Ocean (Buslov et
al., 2001) and the Mon gol-Okhotsk Ocean (Kelty et al., 2008).

The rem nant af ter the clo sure of the lat ter ba sin is the
Mid-Mon go lian Tec tonic Line (MMTL), cross ing through the
cen tre of Mon go lia and di vid ing its ter ri tory into north ern and 
south ern parts (Fig. 1). This lin ea ment is marked by con tin u ous 
set of in di vid ual faults which strike from the Mon go lian Altai
in the NW to the Döch Gol River val ley in the NE
(Tomurtogoo, 1997; Jahn et al., 2000). The tim ing, still de -
bated, of the fi nal con ver gence of the Mon gol-Okhotsk Ocean
is sup posed to be Mid-Ju ras sic (Tomurtogoo et al., 2005), Late
Ju ras sic (Zonenshain et al., 1990) or even around the Ju ras -
sic/Cre ta ceous bound ary (Cogne et al., 2005). The clo sure of
this oce anic ba sin, the min i mum age of which is doc u mented in
Mon go lia by the Car bon if er ous  rocks of the Adaatsag
ophiolite (Fig. 1) and Car bon if er ous de tri tal zir cons from the
Hangay-Hentey flysch ba sin (Kelty et al., 2008), was most



prob a bly diachronous, con tin u ing “in a scis sors-like fash ion” 
(Batulzii et al., 2003) from the west to the east.

For a com plete un der stand ing of accretionary pro cesses in
cen tral and east ern Asia, there is a need for de tailed in for ma tion 
on the syn- and post-orogenic granitoids which are ex traor di -
narily abun dant in the Mon go lian part of Cen tral-Asian
Orogenic Belt (Jahn et al., 2004; Kovalenko et al., 2004). This
work, fo cusing on the geo chem is try of the granitoid bod ies sit -
u ated close to the for mer su ture zone, the Mid-Mon go lian Tec -
tonic Line, aims to con trib ute to knowl edge of crustal growth in 
the Mon go lian seg ment of the Cen tral-Asian Orogenic Belt.

GEOLOGICAL SETTING 

The Baga-Gazriin Chuluu (BGCh) gra nitic pluton is sit u -
ated in Cen tral Mon go lia, ca. 220 km to the SSW from
Ulaanbaatar and out crops over an area of ca. 120 km2. It is lo -
cated close to the merg ing point of three tec tonic units (Fig. 1):
the Adaatsag terrane, the Ereendavaa terrane and the Tsahir
Uul sub unit, which is a part of the Öndör Haan terrane
(Tomurtogoo et al., 2005). It also be longs to the Mid dle Gobi
vol cano-plutonic belt dis tin guished by Badarch et al. (2002).
The BGCh plutonic body lies close to the Mid-Mon go lian Tec -
tonic Line (MMTL), only 30 km SE from the Adaatsag
ophiolite and from the south ern bor der of the Hangay-Hentey
Ba sin, which rep re sents the west ern part of the for mer Mon -
gol-Okhotsk  Ocean (Kelty et al., 2008).

So far, the age of the BGCh pluton has been es tab lished,
based on cor re la tion with other gra nitic bod ies of the
Hangay-Hentey Ba sin re gion, to be T3/J1 (e.g., Kovalenko et
al., 1971). How ever, ra dio met ric dat ing (40Ar/39Ar tech nique,
us ing bi o tite con cen trates) showed the Late Tri as sic age of the
BGCh gran ites (Machowiak and Stawikowski, pers. comm.).

In the Hotont area, ca. 120 km to the NW of the
Baga-Gazriin Chuluu mas sif, still in the zone in flu enced by
pro cesses re lated to the for ma tion of the MMTL lin ea ment,
Late Pa leo zoic Delgerhaan granitoids and Early Me so zoic
Egiindavaa and Tsagduul granitoids are pres ent (Oyungerel
and Ishi hara, 2005). The age of the two lat ter plutons based on
the re con nais sance Rb-Sr iso to pic stud ies of Amar-Amgalan
(2004, vide Oyungerel and Ishi hara, 2005) has been es tab lished 
as Late Tri as sic to Early Ju ras sic. These Me so zoic granitoids
dis play di rect, usu ally in tru sive con tacts with the Pa leo zoic
Delgerhaan granitoids.

The pur pose of the pa per is the com par i son of new geo -
chem i cal data ob tained from the gran ites of the Baga-Gazriin
Chuluu pluton with that from pos si bly ge net i cally re lated Me -
so zoic in tru sive rocks of the Hotont area (us ing pub lished data
of Oyungerel and Ishihara, 2005).

PETROGRAPHY OF THE BAGA-GAZRIIN CHULUU
PLUTON

The Baga-Gazriin Chuluu (BGCh) pluton forms a sub-el -
lip ti cal el e va tion with a max i mum height  of 1768 m a.s.l
(Fig. 2), sur rounded by flat to pog ra phy of a vol cano-sed i men -
tary com plex, that is con sid ered to be Perm ian in age
(Kovalenko et al., 1971).

The BGCh pluton is ac com pa nied by nu mer ous greisen
veins. Its gran ites re veal also tung sten-tin min er al isa tion and
en rich ment in REE. No en claves or rel ics af ter py rox enes and
am phi bole have been observed.

 The sed i men tary part of the coun try rock se quence is built
by sand stones, in part with intraclasts and lo cally muddy,
whereas volcanogenic rocks of the com plex are rep re sented by
ig nim brites, which can be found, for ex am ple, close to the SW
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Fig. 1. Sim pli fied map of NE Asia show ing the po si tion of the Mon gol-Okhotsk su ture 
(af ter Tomurtogoo et al., 2005, mod i fied) and the lo ca tion of the Baga-Gazriin Chuluu, Egiindavaa,

Tsagduul granitoids and Adaatsag ophiolite

1 – Ulaanbataar terrane, 2 – Ereendavaa terrane, 3 – Idermeg terrane, 4 – Öndör Haan (Tsahir Uul) terrane,

5 – Adaatsag terrane, 6 – Tsetserleg terrane, 7 – Harhorin terrane



mar gin of the pluton. Around the in tru sion there oc curs rel a -
tively a thin (up to sev eral tens of metres) con tact au re ole with
hornfelses (mainly with spot ted tex ture).

In the di rect vi cin ity of the mag matic mas sif, close to its
north and north-west bound aries, as well as 10–20 km to NE,
there can be found out crops of dark trachyandesite (Fig. 2). Ad -
ja cent to the con tact of the gra nitic body with the coun try rocks,
the trachyandesites form scat tered, small (sev eral metres in di -
am e ter) out crops. The la ger ones, up to sev eral tens of metres
long, are sit u ated ca. 10 km to the NE of the gran ites (Fig. 2). 

GRANITES

We here di vided the Baga-Gazriin Chuluu gran ites into
three main tex tural va ri et ies:

– coarse-grained, lo cally coarse-grained porphyritic gran -
ites – oc cur ring mainly in the cen tral part of the mas sif;

– me dium-grained por phy ritic gran ites – oc cur ring across 
all the area stud ied;

– fine-grained equigranular gran ites (s.c. haplogranites)
and fine-grained por phy ritic gran ites (that oc cur in all
the area stud ied, though pre dom i nantly in the mar ginal
zone of the pluton).

The min eral com po si tion of the BGCh gran ites is gen er ally
mo not o nous. They con tain perthitic K-feld spar (usu ally ca.
90 mol.% Or and up to 10 mol.% Ab), quartz, plagioclase (typ i -
cally 90–100 mol.% Ab), bi o tite and mus co vite. In some of the
sam ples, the lith ium micas – zinnwaldite and le pido lite have
been rec og nized. The gran ites stud ied in clude also high con -
cen tra tions of to paz, flu o rite and rare earth min er als, ac com pa -
nied by the above-men tioned lith ium micas. Their con tent in -
creases with the in ten sity of greisenisation.

The K-feld spars in the por phy ritic gran ites form two gen er -
a tions. The porphyrocrysts, mainly perth ites, are usu ally
automorphic or hypautomorphic, whereas the smaller grains
are hypauto- or xenomorphic. Plagioclases are mostly
zone-free and oc cur in sub or di nate amounts in part of the sam -
ples, they form only sin gle grains. Micas in clude their dark and
less fre quently white types. Dark micas are rep re sented by
hypautomorphic bi o tite flakes (in the fresh gran ites) and usu -
ally xenomorphic grains of zinnwaldite (in the greisenised
gran ites). Mostly hypautomorphic white micas have the com -
po si tion of mus co vite or le pido lite. They oc cur mainly in the
greisenised sam ples, interstitialy or as the re place ments af ter
other min er als (mainly al kali feld spars and biotites). The modal 
con tent of the micas in the BGCh gran ites is strongly vari able.
In some of the sam ples bi o tite is ac com pa nied by (gen er ally
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Fig. 2. Geo log i cal sketch of the Baga-Gazriin Chuluu pluton (af ter Kovalenko et al., 1971, mod i fied)



sec ond ary) mus co vite or forms a paragenesis with le pido lite.
Other sam ples con tain only dark micas. Quartz is xenomorphic
and usu ally, but not al ways, dis plays undulose ex tinc tion. Spo -
rad i cally, myrmekite was ob served.

Re gard ing ac ces sory min er als, the most com mon are zir con 
and monazite. Other REE min er als have also been ob served,
how ever, their iden ti fi ca tion in thin sec tions was not pos si ble.
De pend ing on the level of greisenisation of the sam pled gran -
ites, dif fer ent con tents (from ac ces sory up to rock-form ing lev -
els) of to paz, flu o rite and lith ium micas ag gre gates can be iden -
ti fied. Zir con and monazite, usu ally fine-grained (<50 mi -
crons), oc cur mainly in bi o tite. Hence, greater con cen tra tions
can be ob served in the bi otic gran ites.

Lith ium micas and mus co vite are usu ally de void of these
min er als or con tain only their min ute amounts. None of the
gran ites show any al ter ation typical hy dro ther mal ac tiv ity:
thus, no chloritisation, serictisation or argillitisation was ob -
served. The sec ond ary al ter na tions of the BGCh gran ites are
mainly re lated to greisenisation pro cesses.

GREISENS

The grei sens of the Baga-Gazriin Chuluu pluton oc cur in
the form of vein zones (Fig. 2) and, very spo rad i cally, as
patches re sem bling small lenses and en claves. They can be di -
vided into sev eral types. In mi cro scopic view, the par tic u lar
types of greisen re veal con sid er able min eral di ver sity. The
most fre quent type are dark, mica-quartz grei sens, with dif fer -
ent pro por tions of quartz and micas. Their main com po nents
are xenomorphic, rarely hypautomorphic quartz and dark
micas: bi o tite and zinnwaldite grouped into ag gre gates. To paz
and flu o rite are also of ten ob served in this greisen type,
whereas feld spars are ab sent.  The lighter quartz-mica grei sens
are dom i nated by quartz. Micas in this type are usu ally small or
very small flakes con cen trated into ag gre gates. The next type
com prise quartz-flu o rite grei sens, with mac ro scop i cally vis i ble 
vi o let and green flu o rite min er ali sa tion. These grei sens con tain
only sub or di nate white micas. They are usu ally strongly frac -
tured, which may be ev i dence of their ge netic re la tion with the
dis lo ca tion zones, what is sug gested by the cataclasis that is
vis i ble also in thin sec tions.

The last main type of greisen mi cro scopically re sem bles
strongly greisenised gran ite. This type dis plays a tex ture in her -
ited af ter gran ites and con taining rel ics of mag matic min er als,
in ten sively re placed by the greisenic paragenesis. The char ac -
ter is tic fea ture of this type is the pres er va tion of sig nif i cant
amounts of perth ite crys tals. In some sam ples, com pletely de -
vel oped pseudo morphs of lith ium micas af ter megacrysts of
alkaline feld spar can be found. 

TRACHYANDESITES

The main con stit u ents of the trachyandesites are
plagioclase (18–26% An), of ten albitised at the rims, K-feld -
spar (ca. 90 mol.% Or, 10 mol.% Ab), pyroxene (di op side),
seem ingly sec ond ary am phi bole (actinolite), titanomagnetite,
post-biotitic chlorite, sphene and ap a tite.

Based on thin sec tion stud ies, the trachyandesites can be di -
vided into a fresh sub type, with well-pre served pri mary  ferro -
mag nesi an min er als and an al tered sub type, re veal ing
post-mag matic changes re sult ing in a poorer min eral com po si -
tion. The first sub type (Fig. 2; the out crop ca. 10 km from the
BGCh pluton) is char ac ter ized by a fine-grained ma trix, the
com po si tion of which is iden ti fi able un der the mi cro scope. It
con tains automorphic pheno crysts of polysynthetically
twinned plagioclases sur rounded by a ma trix built of a sec ond
gen er a tion of plagioclases, py rox enes, am phi boles, chlorite,
sphene and ox ides. The fresh trachyandesites reg is ter the on set
of sericitisation, argillisation and chloritisation of its min er als.
The sec ond, al tered sub type (Fig. 2, from the di rect vi cin ity of
the BGCh pluton) dis plays a por phy ritic tex ture with a
microcrystalline ma trix. Its plagioclase pheno crysts are
strongly sericitised. Clinopyroxenes and am phi boles are re -
placed by ag gre gates of chlorite and clay min er als.

THE HOTONT AREA GRANITOIDS

The Me so zoic granitoids of the Hotont area were de scribed
by Oyungerel and Ishi hara (2005) as the Egiindavaa com plex
(EC) granitoids and the Tsagduul mas sif (TM) gran ites. They are 
in truded into the Delgerhaan gra nitic com plex of Pa leo zoic age.

The Egiindavaa com plex in cludes hornblende-bi o tite
monzogranites, quartz monzodiorites with hornblende and bi o -
tite, fine- and me dium-grained two-mica gran ites and
haplogranites (Oyungerel and Ishi hara, op. cit.). The Tsagduul
mas sif granitoids are fine- to me dium-grained mica gran ites
with green, amazonitic K-feld spar and dark quartz. Both the
EC and TM granitoids are con sid ered as Me so zoic
(Amar-Amgalan, 2004, vide Oyungerel and Ishi hara, op. cit.)
and are ac com pa nied by grei sens with tung sten-zinc and
Ti-Ta-Nb min er al isa tion, which makes them sim i lar to the
BGCh gran ites.

METHODS

The sam ples from the BGCh pluton area, mainly gra nitic
rocks of dif fer ent types, in clud ing also grei sens and
trachyandesites, have been ana lysed for ma jor and trace el e -
ments (in clud ing REE) in Ac ti va tion Lab o ra to ries Ltd., On -
tario, Can ada,  us ing in ter na tional stan dards (more in for ma tion
about the pro ce dures: http://www.actlabs.com/fi -
les/Euro_2011.pdf, page 16 and 17, code WRA + trace 4
Litho). The ten most rep re sen ta tive anal y ses of the BGCh gran -
ites, three anal y ses of grei sens and three anal y ses of
trachyandesites from the BGCh area are pre sented in the pa per
(Ta ble 1). 

All the gra nitic rocks stud ied dis play el e vated tung sten con -
tents (355–544 ppm, av. 450 ppm). To es ti mate the level of
pos si ble ar ti fi cial con tam i na tion of the sam ples, which could be 
the re sult of pow der ing the rocks with a tung sten car bide mill,
an ad di tional ster ile sam ple (pure sil ica glass) was analysed. All 
the tung sten val ues given have been cor rected tak ing into con -
sid er ation the scale of con tam i na tion dur ing sam ple prep a ra -
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tion. For pro cess ing of the an a lyt i cal re sults, the Geo chem i cal
Data Toolkit soft ware (GCDkit; Janoušek et al., 2006) has
been ap plied.

GEOCHEMICAL CHARACTERISTICS OF THE
BAGA-GAZRIIN CHULUU GRANITES IN RELATION
TO THE ADJACENT TRACHYANDESITES AND THE

HOTONT AREA GRANITES

For the pur pose of the pre sented com par a tive study, the ten
most rep re sen ta tive anal y ses of the BGCh gran ites, in clud ing
the three tex tural va ri et ies, have been se lected (Ta ble 1).

Re sults of the com plete chem i cal anal y ses of three sam ples
of BGCh pluton grei sens and three sam ples of the
trachyandesites from the close vi cin ity of  the BGCh pluton are
also included.

The sec ond group of geo chem i cal data ana lysed in the pres -
ent pa per are se lected from the study of Oyungerel and Ishi hara
(2005; Ta ble 3). Their data was ex clu sively from the gran ites as -
sumed to be Me so zoic in age. Four chem i cal anal y ses from this
pa per have been used in this work; namely, the quartz
monzodiorite (sam ple 14; the proper term ac cord ing to the clas -
si fi ca tion of De la Roche et al., 1980 is “quartz monzonite”) and
haplogranite (sam ple 18) from the Egiindavaa com plex, the
two-mica gran ite (sam ple Tsagd 24) and haplogranite (sam ple
Tsagd 25) from the Tsagduul Mas sif (Ta ble 2). 

The syn thetic di a grams (Figs. 3 and 4) in clude also data for
ma jor and se lected trace el e ments of eight ad di tional sam ples
from the Hotont area (6 from Egiindavaa and 2 from

Tsagduul), for which the rare earth el e ment con tents were not
pub lished in the work of Oyungerel and Ishi hara (op.cit.). 

THE CONCENTRATIONS OF MAJOR 
AND TRACE ELEMENTS

The geo chem is try of the Baga-Gazriin Chuluu (BGCh)
gran ites is shown via a set of geo chem i cal di a grams (Figs. 3–6
and 8–9), where the data for the BGCh gran ites are plot ted to -
gether with the data for the granitoids of the Egiindavaa com -
plex (EC) and the Tsagduul mas sif (TM). All the granitoids
men tioned above were also com pared with the trachyandesites, 
ad ja cent to the pluton stud ied in the BGCh area. 

The EC granitoids are dis tinctly in trin si cally var ie gated and 
con tain dif fer ent amounts of dark min er als, rep re sented by bi o -
tite and am phi boles of the hornblende group (Oyungerel and
Ishi hara, 2005). The min er al og i cal di ver sity of the EC
granitoids (based on the pub lished data; op. cit) is re flected by
their wide ranges of ma jor el e ment con tents: SiO2 is be tween
66.1 and 77.35%, Al2O3 12.69–15.74, Fe2O3t 0.63–3.53, MgO
0.11–1.13, CaO 0.31–2.44, Na2O 3.59–4.38, K2O 3.26–5.62,
TiO2 0.1–0.55, P2O5 0.04–0.49. 

In com par i son to the Egiindavaa granitoids, the
Baga-Gazriin Chuluu gran ites are much more ho mog e nous. The
BGCh gran ites are char ac ter ized by high lev els of SiO2

(75.73–77.86%) and K2O (4.45–5.18%). The con tents of the re -
main ing ma jor el e ments range as fol lows: Al2O3 11.0–13.01%,
Fe2O3t 0.84–1.17%, MgO 0.03–0.08%, CaO 0.26–0.52%, Na2O
3.01–3.86%, TiO2 0.048–0.115%, P2O5 <0.01–0.17%. (Ta ble 2).
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Re search area Sam ple no. Lon gi tude Lat i tude Rock name

Baga-Gazriin Chuluu Baga K51 106°05’13.3” 46°10’38.0” fine-grained gran ite

Baga-Gazriin Chuluu Baga W78 105°58’19.3” 46°12’38.9” fine-grained gran ite

Baga-Gazriin Chuluu Baga M32 105°59’53.9” 46°13’50.0” fine-grained gran ite

Baga-Gazriin Chuluu Baga M51 106°61’36.5” 46°13’89.7” me dium-grained gran ite

Baga-Gazriin Chuluu Baga K15 106°05’26.6” 46°13’38.4” me dium-grained gran ite

Baga-Gazriin Chuluu Baga M20 106°04’42.4” 46°13’54.6” me dium-grained gran ite

Baga-Gazriin Chuluu Baga M28 106°01’10.1” 46°13’25.2” coarse-grained gran ite

Baga-Gazriin Chuluu Baga M25 106°00’48.1” 46°12’55.9” coarse-grained gran ite

Baga-Gazriin Chuluu Baga M31 105°59’21.0” 46°13’59.9” coarse-grained gran ite

Baga-Gazriin Chuluu Baga K3 106°02’20.8” 46°12’14.5” coarse-grained gran ite

Baga-Gazriin Chuluu KW5 106°03’30.7” 46°12’53.0” gray greisen, fine-grained, with prev a lent quartz, white mica 
and ac ces sory chlorite

Baga-Gazriin Chuluu KW15 106°00’26.3” 46°10’24.9” clear quartz-white mica greisen, fine-grained

Baga-Gazriin Chuluu MW31 106°00’45.0” 46°13’25.4” black bi o tite greisen, fine-grained

Baga-Gazriin Chuluu MW39 106°01’47.6” 46°14’21.5” trachyandesite

Baga-Gazriin Chuluu M43z 106°08’94.4” 46°15’07.5 trachyandesite

Baga-Gazriin Chuluu M44 106°08’94.4” 46°15’07.5” trachyandesite

Egiindavaa com plex Egiin 14 102°08’39.0” 47°12’43.0”
por phy ritic me dium-grained hornblende-bi o tite gran ite 

(authors: �quartz monzonite”)

Egiindavaa com plex Egiin 18 102°26’44.0” 47°11’50.0” fine-grained aplit ic gran ite

Tsagduul Mas sif Tsagd 24 102°21’40.0” 47°13’20.0� fine-grained mus co vite-bi o tite gran ite

Tsagduul Mas sif Tsagd 25 102°21’40.0” 47°13’20.0” very fine-grained aplit ic gran ite

T a  b l e  1

Rock types and lo cal i ties of the granitoids stud ied
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[wt.%]
Sam ple no.

Baga K51 Baga W78 Baga M51 Baga K15 Baga M28 Baga M25 Baga M31 Baga K3 Baga M20 Baga M32

SiO2 75.73 75.92 76.84 77.86 76.7 76.02 76.13 76.79 76.87 76.48

TiO2 0.058 0.069 0.07 0.068 0.096 0.063 0.048 0.115 0.083 0.08

Al2O3 12.58 12.49 12.15 11.0 11.64 12.17 13.01 12.25 11.63 11.83

Fe2O3t 1.17 1.1 0.95 0.96 1.03 0.89 0.84 1.21 1.09 1

MnO 0.025 0.03 0.022 0.021 0.015 0.017 0.012 0.019 0.019 0.013

MgO 0.03 0.03 0.04 0.04 0.05 0.04 0.03 0.08 0.06 0.03

CaO 0.51 0.48 0.52 0.26 0.45 0.38 0.37 0.39 0.4 0.47

Na2O 3.6 3.39 3.54 3.14 3.01 3.35 3.86 3.09 3.19 3.25

K2O 4.61 4.61 4.84 4.45 4.96 4.7 4.54 5.18 4.75 4.79

P2O5 b.d. b.d. 0.17 0.03 b.d. b.d. 0.02 0.02 b.d. b.d.

LOI 0.89 0.74 0.74 0.79 0.79 0.95 0.96 0.73 0.58 0.71

F b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.

To tal 99.2 98.9 99.9 98.6 98.7 98.6 99.82 99.87 98.67 98.66

A/CNK 1.06 1.09 1.01 1.05 1.05 1.08 1.09 1.07 1.05 1.04

Mg-no. 4.8 5.1 7.7 7.6 8.8 8.2 6.6 11.6 9.8 5.6

TZr 759 793 788 785 808 785 799 806 791 791

AI 0.87 0.85 0.91 0.91 0.89 0.87 0.87 0.87 0.89 0.89

[ppm]

Sc 3 5 4 3 4 3 3 5 3 3

Be 7 8 11 7 8 5 6 8 9 6

V b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.

Ba 10 21 71 25 52 58 56 156 67 37

Sr 9 7 22 10 22 12 13 24 14 10

Y 134 134 126 69 112 92 96 69 70 110

Zr 100 143 147 129 175 130 152 166 144 147

Cr b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d

Co 99 77 83 85 83 67 86 70 80 92

Ni b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.

Cu b.d. b.d. b.d. b.d. b.d. b.d. 60 b.d. b.d. b.d.

Zn 40 60 50 30 b.d. b.d. 40 50 30 b.d.

Ga 24 26 25 20 26 26 29 22 26 27

Rb 505 534 402 400 403 385 461 316 325 456

Nb 54 73 40 34 50 40 51 29 35 48

Mo b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.

Ag 0.6 0.8 0.5 0.7 0.7 0.6 2.3 0.9 0.6 0.8

Sn 8 132 10 13 6 13 9 12 5 11

Cs 13 21,7 21 16 11.4 13.1 14.3 15.8 8.8 11.4

La 34.6 54.7 37 34.8 58.8 34.7 42.2 63.4 40.9 52.8

Ce 97.8 119 88.7 74 124 78.5 98.1 145 89.7 114

Pr 10.8 12.7 10.3 7.72 14.9 9.14 11.6 13.7 10.4 13.5

Nd 39.3 43 38 25.7 49.9 31 39.4 47.1 35.1 44.2

Sm 11.9 10.9 9.7 6.1 12.1 8.1 10.4 9.5 8.4 10.8

Eu 0.08 0.06 0.15 0.11 0.15 0.18 0.11 0.28 0.19 0.18

Gd 12.9 11.8 10.2 6.4 11.4 8.1 9.4 8.9 7.8 10.3

Tb 2.9 2.6 2.2 1.4 2.3 1.8 2 1.7 1.6 2.2

Dy 19.7 18.4 15.3 9.4 16.4 13 14.5 11.1 10.9 15.7

Ho 4.2 4.1 3.4 2.1 3.5 2.8 3.2 2.4 2.3 3.5

Er 13.8 13.8 11.1 6.7 11.2 8.8 10.7 7.7 7.6 11.4

Tm 2.38 2.51 1.95 1.18 1.99 1.48 1.89 1.32 1.23 1.98

Yb 17 17.6 13.4 8.1 14.4 10.6 14 9.1 8.8 14.3

Lu 2.73 2.8 2.16 1.27 2.34 1.77 2.28 1.45 1.44 2.28

T a  b l e  2

Chem i cal com po si tion of granitoids 
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[ppm]
Sam ple no.

Baga K51 Baga W78 Baga M51 Baga K15 Baga M28 Baga M25 Baga M31 Baga K3 Baga M20 Baga M32

Hf 7.4 9.3 7.1 7 9.9 7.7 10.1 8.1 7.6 8.7

Ta 8.2 9.4 5.2 4.2 6.3 4.9 6.2 4.6 5.3 6.5

W 544 460 450 414 474 355 500 361 432 576

Tl 2.8 2.9 2 1.9 2.5 2.3 2.6 1.5 1.6 2.7

Pb 49 28 43 33 32 27 32 37 40 27

Th 38.7 45.8 36.3 26.5 47.1 40.5 58.4 27.1 37.2 46.1

U 3.4 9.6 5.2 6.1 14.4 4.8 7.1 11.6 4.4 7.3

å REE 236.2 314 243.6 185 323.4 210 260 322.7 226.4 297.1

LREE 194.48 240.36 183.85 148,43 259.85 161.62 201.81 278.98 184.69 235.48

HREE 41.67 73.61 59.71 36.55 63.53 48.35 57.95 43.67 41.67 61.66

LREE   
/HREE 4.7 3.3 3.1 4.1 4.1 3.3 3.5 6.4 4.4 3.8

TE1,3 1.2 1.13 1.13 1.13 1.11 1.15 1.14 1.11 1.13 1.13

Eu/Eu* 0.02 0.02 0.05 0.05 0.04 0.07 0.03 0.09 0.07 0.05

b.d. – be low de tec tion limit

Tab. 2 cont.

[wt.%]
Sam ple no.

Egiin 14 Egiin 18 Tsagd 24 Tsagd 25 KW5 grs KW15 grs MW31 grs MW39 and M43z and M44’ and

SiO2 66.1 75.19 74.6 77.15 75.35 89.66 55.77 54.02 54.85 55.19

TiO2 0.55 0.11 0.16 0.02 1.64 0.069 0.276 1.549 1.495 1.497

Al2O3 15.74 13.18 13.85 12.76 13.57 9.55 17.03 17.71 17.56 16.22

Fe2O3t 3.53 1.13 1.12 0.75 4.56 0.16 13.21 8.75 8.41 8.87

MnO 0.07 0.02 0.05 0.02 0.072 0.003 0.564 0.13 0.118 0.139

MgO 1.13 0.21 0.2 0.03 0.06 0.01 0.19 2.26 2.34 2.78

CaO 2.39 0.65 0.84 0.16 0.98 0.05 0.61 5.76 5.5 2.76

Na2O 4.2 3.59 3.97 4.18 0.03 0.03 0.05 3.21 3.53 4.31

K2O 4.4 5.1 5.04 4.59 1.64 0.1 7.39 2.58 2.74 3.07

P2O5 0.49 0.05 0.07 0.05 0.04 0.03 0.07 0.64 0.64 0.68

LOI 1.1 0.64 0.19 0.19 2.33 1.25 3.27 1.93 2.79 3.12

F b.d. b.d. 0.12 0.39 b.d. b.d. b.d. b.d. b.d. b.d.

To tal 99.8 99.9 100.1 99.9 98.74 100.9 98.43 98.6 99.9 98.6

A/CNK 0.98 1.05 1.02 1.05 – – – – – –

Mg-no. 38.8 26.9 26.1 33.8 – – – 33.8 35.5 38.3

TZr 836 804 753 811 – – – – – –

AI 0.74 0.87 0.87 0.93 – – – – – –

[ppm]

Sc b.d. b.d. b.d. b.d. 4 2 22 22 19 19

Be b.d. b.d. b.d. b.d. 8 b.d. 10 8 3 2

V 34 18 7 b.d. b.d. b.d. 14 209 207 189

Ba 823 808 265 b.d. 39 5 102 770 896 1279

Sr 384 284 99 2 12 3 31 596 799 359

Y 28.6 17.2 21.8 116 99 24 58 48 39 42

Zr 368 177 103 174 195 159 199 371 346 385

Cr 45 22 39 12 b.d. b.d. b.d. b.d. b.d. b.d.

Co 5 3 b.d. b.d. 100 122 24 30 27 27

Ni 6.2 1.9 1.3 3.8 b.d. b.d. b.d. 40 b.d. b.d.

Cu 5.1 b.d. b.d. b.d. 400 180 20 90 130 100

Zn 38 b.d. 38 197 340 80 280 240 100 100

Ga 23 19 23 47 29 5 69 23 21 18

T a  b l e  3

Chem i cal com po si tion of granitoids, grei sens and trachyandesites



The gran ites of the Tsagduul mas sif (TM) are sim i lar in
their ma jor el e ment pro por tions to the BGCh gran ites. They are 
char ac ter ized (based on the pub lished data; op. cit.) by high
con tents of SiO2 (74.6–77.91%). Some what vari able val ues for
al kali ox ides are ob served (K2O 2.64–5.41%, Na2O
3.08–6.43%), how ever the sum of these two val ues is sim i lar in 
all the sam ples. The re main ing ma jor ox ide con tents are: Al2O3

11.66–13.85%, Fe2O3t 0.4–1.19%, MgO 0.02–0.2%, CaO
0.11–0.84%, TiO2 <0.01–0.16%, P2O5 0.03–0.07%. In the case
of the trachyandesites from the BGCh area, the fol low ing con -
tents of the el e ments have been ob tained: SiO2 54.02–55.19%,
Al2O3 16.22–17.71%, Fe2O3t 8.41–8.87%, MgO 2.26–2.78%,
MnO 0.11–0.14%, CaO 2.76–5.76%, Na2O 3.21–4.31%, K2O
2.58–3.07%, TiO2 1.49–1.55%, P2O5 0.64–0.68% (Ta ble 3). 

Apart from the above-men tioned rocks, Ta ble 3 com prises
also the re sults of three geo chem i cal anal y ses con ducted for the 
grei sens, com mon within the BGCh pluton. The sam ples ana -
lysed are a gray greisen with prev a lent quartz, mi nor white
mica and ac ces sory chlorite (sam ple KW5); a light,
quartz-white mica greisen (sam ple KW15) and a dark, biotitic
greisen (sam ple MW31). The SiO2 con tent in the grei sens is
strongly scat tered, from 55.77% in case of dark, botitic greisen,
up to 89.66% for the light, quartzose type. Ac cord ingly, the
pro por tions of all the ma jor el e ments in the grei sens are also
con spic u ously vari able.

The Harker di a grams plot ted for the granitoids and
trachyandesites from the ar eas com pared dis play neg a tive
trends for SiO2 in re la tion to Al2O3, MgO, CaO, FeOt, TiO2 and
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[ppm]
Sam ple no.

Egiin14 Egiin18 Tsagd 24 Tsagd 25 KW5 grs KW15 grs MW31 grs MW39 and M43z and M44’ and

Rb 210 137 294 1.12 506 14 >1000 218 78 108

Nb 15.9 10 21.5 65.3 37 45 90 15 14 13

Mo 1.6 0.6 0 0 3 b.d. 5 b.d. b.d. b.d.

Ag b.d. b.d. b.d. b.d. 0.8 5.7 1.8 2.4 1.6 1.8

Sn 5 3 6 147 >1000 93 92 37 3 2

Cs 13.9 7.6 14.5 29.5 39.5 0.7 123 40 4.1 5

La 69 38.7 34.9 16.6 59.2 14.8 170 34.6 41.6 39.1

Ce 136 61.5 67 48.7 138 37.8 374 70.4 90.8 92.8

Pr 14.9 7.52 7.01 5.98 14.2 4.03 43 10.1 11.2 11.3

Nd 52.6 25.8 24.2 25.2 49.4 13.7 137 42.8 43.6 46.8

Sm 8.74 4.16 4.24 7.05 11.7 3 23.5 9.9 9.2 9.9

Eu 1.45 0.689 0.523 0.006 0.27 0.09 0.3 1.88 1.86 1.87

Gd 6.33 3.29 3.2 7.38 11.1 2.4 12.7 8.8 7.9 8.8

Tb 0.94 0.49 0.52 1.97 2.3 0.5 1.8 1.4 1.3 1.4

Dy 4.76 2.57 2.92 15.7 14.7 3.5 10.2 8.5 7.1 7.8

Ho 0.88 0.53 0.6 3.84 3.1 0.8 2.2 1.7 1.4 1.5

Er 2.68 1.64 2 14.4 9.9 2.7 7.3 5.2 3.9 4.3

Tm 0.415 0.274 0.36 2.99 1.69 0.49 1.18 0.76 0.57 0.64

Yb 2.69 1.81 2.59 22.6 11.9 3.5 7.9 4.9 3.8 4.2

Lu 0.395 0.28 0.435 3.35 1.93 0.56 1.23 0.78 0.63 0.68

Hf 9.9 5.2 4.2 21.6 8.1 7.1 9.6 10.1 10.5 10.4

Ta 1.6 1.2 3.9 17.6 3.9 4.8 7.9 0.8 0.7 0.7

W 1.5 0.9 2.4 1.5 609 945 b.d. b.d. b.d. b.d.

Tl 0.9 0.7 1.6 5.9 3.3 0.2 4.6 2.4 0.2 0.3

Pb 26 31 41 104 b.d. 9 65 7 19 20

Bi 0.7 1.1 0.4 3.8 b.d. 125 123 0.7 b.d. b.d.

Th 52.6 20.7 33.8 37.5 38 37 165 13.4 13.5 13.2

U 7.6 2.7 21.8 8.3 15.8 32.7 16.7 4.6 4.3 4.3

 å REE 301.8 155.8 150.5 175.8 329.4 87.87 792.3 201.7 224.9 231.1

LREE 282.69 138.37 137.87 103.54 272.77 73.42 747.8 169.68 198.26 201.77

HREE 19.09 17.45 12.63 72.23 56,62 14,45 44,51 32.04 26.6 29.32

LREE
/HREE 14.8 7.9 10.9 1.4 4.8 5.1 16.8 5.3 7.5 6.9

TE1,3 1.04 0.96 1.03 1.18 1.14 1.15 1.04 – – –

Eu/Eu* 0.6 0.57 0.44 0.003 0.07 0.1 0.05 0.62 0.67 0.62

and – trachyandesite sam ples, grs – greisen sam ples, other ex pla na tions as in Ta ble 2

Tab. 3 cont.



P2O5 (Fig. 3). In the case of the al kali el e ments, no clear trends
are ob served. In stead, the di a grams show con sid er able scat ter -
ing of the pro jec tion points.

Con cern ing the trace el e ments, sig nif i cant vari abil ity of
their con tents can be ob served in the rocks from all the plutons
com pared. The Egiindavaa granitoids con tain more Ba, Sr and
Zr than the Baga-Gazriin Chuluu and Tsagduul gran ites. In the
EC rocks (based on the pub lished data; op. cit), Ba ranges be -
tween 173–1430 ppm (av. 677 ppm), Sr 7.5–389 ppm
(av.191 ppm), Zr 62–262 (av. 145 ppm); in the BGCh gran ites
Ba is be tween 10–156 ppm (av. 55 ppm), Sr 7–24 ppm

(av. 14 ppm), Zr 100–175 (av. 143 ppm). Fi nally, in the
Tsagduul gran ites: Ba 0–246 ppm (av. 71 ppm), Sr
3.9–104 ppm (av. 30 ppm), Zr 61–142 ppm (av. 105 ppm). On
the other hand, the EC granitoids are char ac ter ized by con sid er -
ably lower val ues of Rb and Y. In the EC granitoids, Rb equals
58–201 ppm (av. 135 ppm) and Y 10–23 ppm (av. 17 ppm)
while in the BGCh gran ites Rb is 316–534 ppm (av. 419 ppm),
Y 69–134 ppm (av.101 ppm) and in the TM gran ites Rb is
298–1150 ppm (av. 722 ppm), Y 19–108 ppm (av. 70 ppm). In
the Harker (1900) di a grams plot ted for the trace el e ments se -
lected, no un equiv o cal trends are vis i ble (Fig. 4). 
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Fig. 3. Vari a tion of Al2O, Na2O, K2O, CaO, MgO, TiO2, FeOt, P2O5 vs. SiO2 in the Baga-Gazriin Chuluu, Egiindavaa, 
Tsagduul granitoids and trachyandesites in the Baga-Gazriin Chuluu

Black cir cles – Baga-Gazriin Chuluu gran ites, open cir cles – Egiindavaa granitoids, black squares – Tsagduul gran ites, 
open tri an gles – trachyandesites
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Fig. 4. Vari a tion of Ba, Rb, Sr, La, Y, Ce, Zr, A/CNK (mo lar Al2O3/(CaO+Na2O+K2O), K2O/Na2O, mg (Mg num ber)
 vs. SiO2 for granitoids and trachyandesites

For ex pla na tions see Fig ure 3



RARE-EARTH ELEMENTS AND SPIDER DIAGRAMS

The BGCh gran ites dis play con sid er ably in creased val ues of

rare earth el e ment to tals (å REE 185–323 ppm, av. 235 ppm),
with LREE: 148–279 ppm (av. 209 ppm), HREE: 37–74 ppm
(av. 53 ppm) and low LREE/HREE ra tio: 3.1–6.4 (av. 4.1; Ta -
ble 2). For the EC granitoids, the re sults of only two rare earth el -
e ment anal y ses have been pub lished (Oyungerel and Ishi hara,

2005). The å REE val ues of these two sam ples are re spec tively
156 ppm and 302 ppm, in clud ing LREE: 138 ppm and 283 ppm
and HREE 17.4 ppm and 19.1 ppm, LREE/HREE ra tio: 7.9 and
14.8 (Ta ble 3). In case of the TM gran ites, the con cen tra tions of
the REE for only two sam ples also are given (Oyungerel and
Ishi hara, op cit.). Their to tal REE val ues are: 151 and 176 ppm
re spec tively, LREE equal: 104 and 138 ppm, whereas HREE: 13 
and 72 ppm. The LREE/HREE ra tios are 10.9 and 1.4 ppm (Ta -

ble 3).  For the grei sens, the å REE con tents range be tween 88
and 792 ppm (av. 403.5 ppm), with LREE: 74–748 ppm (av.
365 ppm), HREE: 14.5–57 ppm (av. 38.5 ppm) and
LREE/HREE: 4.8–16.8 ppm (av. 8.9 ppm).

For the trachyandesites, the REE con tents range be tween
202 and 231 ppm (av. 219 ppm), with LREE: 170–202 ppm
(av. 190 ppm), HREE: 27–32 ppm (av. 29 ppm) and
LREE/HREE: 5.3–7.5 ppm (av. 6.6 ppm).

In the rare earth el e ment vari a tion di a gram (chondrite-nor -
mal ized REE, Nakamura 1974; Fig. 5), the gra nitic rocks from
the BGCh pluton are char ac ter ized by small en rich ments in

LREE in re la tion to HREE, which dis play al most flat pat terns,
and by the con spic u ous neg a tive eu ro pium anom aly, typ i cal for 
highly evolved A-type gran ites. A sim i lar pat tern is ob served
for one gran ite sam ple (Tsagd 25) from the Tsagduul mas sif.
The sec ond sam ple from this lo ca tion (Tsagd 24) shows a
weaker neg a tive eu ro pium anom aly (re fer ring to the BGCh
gran ites and the Tsagd 25 sam ple), cou pled with sig nif i cant
HREE de ple tion. Its pro jec tion in the REE vari a tion di a gram is
more sim i lar to the EC granitoids and BGCh trachyandesites
(Fig. 5), than to the BGCh gran ites. The EC granitoids and the
BGCh trachyandesites, show sim i lar REE pat terns (Fig. 5).
They show fairly strong frac tion ation of REE in re la tion to
HREE and dis play only a weak neg a tive eu ro pium anom aly.

In the BGCh gran ites and in one gra nitic sam ple from the
Tsagduul area (Tsagd 25), a dis tinct lanthanide tetrad ef fect
(TE) has been ob served (Fig. 5; e.g., Masuda and Ikeuchi,
1979; Masuda et al., 1987; Bau, 1996; Irber 1997, 1999;
Zhenhua et al., 2002; Ishi hara et al., 2008). The TE1,3 val ues for 
these rocks are higher than 1.1 (from 1.11 to 1.20, Ta bles 2
and 3). Very weak tetrad ef fect, in con spic u ous on the REE di a -
grams, is noted also in the sec ond Tsagduul sam ple (Tsagd 24,
TE 1,3 = 1.03) and in one of the sam ples from the Egiindavaa
com plex (Egiin 14, TE 1,3 = 1.04). 

The rocks in ves ti gated have been also in ter preted us ing spi -
der vari a tion di a grams (Figs. 6–7, nor mal ized to prim i tive
man tle; Sun and McDonough, 1989). In the di a gram nor mal -
ized to prim i tive man tle, the BGCh gran ites dis play dis tinct de -
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Fig. 5. Chondrite-nor mal ized REE plots of gran ites and trachyandesites (nor mal ized to val ues given in Nakamura, 1974)



ple tion in Ba, Sr and Ti and slight en rich ment in Csand  Pb
(Fig. 6). Sim i lar sig na tures can be ob served for one of the sam -
ples from the Tsagduul area (Tsagd 25). Its pat tern is char ac ter -
ized by more dis tinct de ple tion in Sr, Eu and Ti (very strong
neg a tive anom a lies) and lack of mea sur able Ba. The Tsagd 25
en rich ment in Cs, Rb, Pb and Yb is also higher than that in the
BGCh gran ites. The sec ond sam ple of the Tsagduul gran ite
(Tsagd 24) shows a dif fer ent pat tern. The neg a tive anom a lies
of Ba, Sr and Ti are much weaker than in the case of the re -
main ing sam ples shown in the di a gram. Sam ple Tsagd 24
(com pared to the BGCh gran ites) also shows small de ple tion in 
Nb and Zr, sig nif i cant de ple tion in Dy, Y, Yb and Lu and weak
en rich ment in U. The two sam ples shown of the EC granitoids
(Fig. 7) re veal more or less sim i lar over all pat terns, how ever,
they dif fer in con cen tra tions of par tic u lar el e ments. The first
sam ple (Egiin 14) in com par i son to the sec ond one (Egiin 18)
dis plays in creased val ues of al most all el e ments, with the most
dis tinct en rich ment in Cs, Th, U and in the el e ments from Sr to
Lu. It is also char ac ter ized by weak neg a tive Ba, Nb and Sr
anom a lies and con spic u ous de ple tion in Ti. Sam ple Egiin 18
(in re la tion to Egiin 14) is sig nif i cantly de pleted in all el e ments, 
es pe cially in Nb, P, Ti. The de ple tion, vis i ble in the right part of 
the di a gram, makes the Egiindavaa granitoids sim i lar to sam ple 
Tsagd 24 (Fig. 6). The BGCh trachyandesites give sim i lar pat -
terns for all three sam ples ana lysed (Fig. 7); how ever, one of
the sam ples con tains slightly in creased con cen tra tions of Cs

and Rb. All these trachyandesites are char ac ter ized by a neg a -
tive Nb anom aly and in con spic u ous de ple tion in Ti. Com pared
with the Egiindavaa granitoids, they pos sess higher con tents of
Dy, Y, Yb and Lu.

A-TYPE GRANITES 

Dis crim i na tion of the A-type gran ites is prob lem atic and
com plex. In deed, there is still no clear cri te rion for dis tin guish -
ing this group of rocks. Some pe trol o gists dis tin guish A-type
gran ites us ing tec tonic con text. They in ter pret them as
within-plate (e.g., Pearce et al., 1984), anorogenic (Maniar and
Piccoli, 1989) or post-collisional rocks (Sylvester, 1989). Fre -
quently they are ad di tion ally di vided into sub types (e.g., Eby,
1992). The other dis crim i na tion cri te rion, some times com ple -
men tary to the tec tonic set ting of the gran ite, is its geo chem i cal
pro file. The A-type gran ites are char ac ter ized as an hy drous, al -
ka line, but some times also aluminous rocks. The prob lem of
clas si fi ca tion of these spe cific gran ites has been dis cussed in
de tail in many pub li ca tions (e.g., Col lins et al., 1992; Klimm et
al., 2003; Vander Auwera et al., 2003; Frost and Frost, 2011).

The granitoid rocks com pared here, us ing our data for the
Baga-Gazriin Chuluu (BGCh) pluton and the pub lished geo -
chem i cal data for the Egiindava Com plex (EC) and Tsagduul
mas sif (TM; Oyungerel and Ishi hara, 2005), have been in ter -
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Fig. 6. Spi der di a gram of Baga-Gazriin Chuluu and Tsagduul gran ites nor mal ized to prim i tive man tle (Sun and McDonough, 1989)



preted on sev eral clas si fi ca tion di a grams. Us ing the plots of
Whalen et al. (1987), the BGCh and TM gran ites in all cases
oc cupy the fields of the A-type gran ites (Fig. 8). On the other
hand, the EC granitoids are mostly lo cated within the I- and S-
type gran ite field.

Re fer ring to the clas si fi ca tion of A-gran ites pro posed by
Frost et al. (2001), Frost and Frost (2011) and graph i cally rep -
re sented by the FeOt (FeOt + MgO) vs. SiO2 di a gram (Fig. 9A),
the BGCh gran ites and TM gran ites plot in the field of ferroan
gran ites, whereas the EC granitoids are lo cated both in the
fields of ferroan (3 sam ples) and magnesian gran ites (5 sam -
ples). In the MALI di a gram (mod i fied al kali lime in dex; Na2O
+ K2O – CaO vs. SiO2) af ter Frost et al. (2001), Frost and Frost
(2011), the granitoids stud ied oc cupy the po si tion of alkalic
and calc-alkalic gran ites (Fig. 9B), but the alkalic field is oc cu -
pied solely by the sam ples from Egiindavaa. As shown by ex -
per i men tal re search (Holtz and Johannes, 1991; Patiòo Douce
and Har ris, 1998), the MALI in dex in creases si mul ta neously
with de crease of wa ter con tent. In the case of the EC granitoids, 
it ap pears, that the MALI in dex in creases to gether with the dif -
fer en ti a tion of melt, in di cat ing a de creas ing wa ter con tent over
time.

Based on the data pre sented, the BGCh gran ites and the ma -
jor ity of the TM gran ites can be clas si fied as the A-type gran -
ites, which typ i cally oc cur in the anorogenic, intracontinental
set tings and are usu ally en riched in rare earth el e ments (Frost

and Frost, 2011). Only a mi nor ity of the EC granitoids be long
to the A-type gran ites (three out of eight sam ples ana lysed).

DISCUSSION

The Cen tral Mon go lian granitoids com pared from the three
plutonic mas sifs of sim i lar age and sit u ated rel a tively close to
each other, do not dis play iden ti cal geo chem i cal pro files.

The BGCh gran ites are re garded as hav ing been gen er ated
at shal low lev els in con ti nen tal crust, as shown by their geo -
chem i cal pro file. Si mul ta neously, the tem per a ture range ob -
tained (ca. 800°C, zir con ther mom e ter by Wat son and Har ri son 
(1983; Ta bles 2 and 3) of the BGCh magma for ma tion seems to 
be high for such small depths. They were the prod uct of
crystallisation of com pletely melted magma (no en claves) hav -
ing (in the ini tial stages) low wa ter con tents. The small amount
of wa ter is shown also by the rel a tively weakly de vel oped con -
tact en ve lope. The in ter sti tial po si tion of micas be tween feld -
spars and quartz may tes tify to their late crystallisation. The
pres ence of REE min er als in the dark micas to gether with ex -
cep tion ally small size of the zir cons (con cen trates of grains >50 
mi crom e ters for SHRIMP dat ing could not be ob tained) may
in di cate en rich ment of the melt in com plex ions, which were
the car ri ers of the REE in the late stage of crystallisation. This
en rich ment re sulted also in the oc cur rence of el e ments with po -
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Fig. 7. Spi der di a gram of Egiindavaa granitoids and Baga-Gazriin Chuluu trachyandesites nor mal ized to prim i tive man tle 
(Sun and McDonough, 1989)
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Fig. 8. Geotectonic di a grams of A-type granitoids (Whalen et al., 1987)

Black cir cles – Baga-Gazriin Chuluu gran ites, open cir cles – Egiindavaa granitoids, open squares – Tsagduul gran ites



ten tial eco nomic sig nif i cance (e.g., W and Sn). All the va ri et ies 
of the BGCh gran ites re veal high lev els of the “tetrad ef fect”
(TE 1,3). It is hard to con strain whether the in ferred sig nif i cant
amount of the flu ids de liv ered was con nected ex clu sively with
the host magma and was gen er ated due to melt ing of the up per
crust (Bettencourt et al., 2005), or whether it was ac ti vated as
an ef fect of de gas sing of the up per most part of the
metasomatised man tle (Charoy and Raimbault, 1994). Un -
doubt edly, the flu ids mi grated through chan nel sys tems con -
nected with frac tures (e.g., Azzouni-Sekkal et al., 2003). Field

ob ser va tions sug gest that the dis tri bu tion of the grei sens in the
BGCh area is de ter mined by the pres ence of joint sys tems.

The BGCh gran ites dis play geo chem i cal af fin ity to the ma -
jor ity of the TM gran ites. The data on  the ma jor and cho sen
trace el e ments of the TM gran ites based on Ishi hara and
Oyungerel (2005), are shown in the di a grams (Figs. 3–9) and in 
the Ta bles 2 and 3. Al most all the TM rocks, ex cept for sam ple
Tsagd 24, be long to the A-type gran ites and could be gen er ated
by a mech a nism an a log i cal to that of the BGCh pluton. Also,
the pos si bil ity of their for ma tion in the up per part of the con ti -
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Fig. 9A – FeOt/ FeOt + MgOt vs. SiO2 di a gram (Frost et al., 2001), B – MALI 
(mod i fied al kali-lime in dex: Na2O + K2O – CaO) vs. SiO2 di a gram (Frost et al., 2001)

Ex pla na tions as in Fig ure 3



nen tal crust, with out- or with only mi nor amounts of man tle
ma te rial, seems to be plau si ble.

The EC granitoids re veal fea tures typ i cal of hy brid mag -
mas, thus only in part they can be treated as A-type gran ites.
The dis tinct in ter nal di ver sity of the EC granitoids can be ob -
served al ready at the level of mac ro scopic ob ser va tions. The
Egiindavaa pluton in cludes both leucogranites and
hornblende-bear ing granitoids (Oyungerel and Ischihara,
2005), which ex plains the large inhomogeneity in its geo chem -
i cal characteristics. The EC rocks show pos si ble tran si tion
from granitoids with man tle magma sig na tures (higher con cen -
tra tions of Fe2O3t, CaO, P2O5, Sr, Eu) to typ i cal, highly evolved 
A-type gran ites, with much less dis cern ible man tle influence. 

How ever, the in ter nal di ver sity of the EC granitoids may be 
also the re sult of the er ro ne ous clas si fi ca tion of two ge net i cally
sep a rate in tru sions (hybridal gran ite and A-type gran ite)
formed in the dif fer ent mag matic ep i sodes, to one plutonic
body (the Egiindavaa com plex). On the other hand, in the light
of the com par i son made here, the dis tin guish ing of the TM
gran ites into a sep a rate group re flects rather geo graphic dis -
tance, than ge netic dif fer ences be tween the A-type gran ites in -
cluded into the Edingavaa com plex and Tsagduul mas sif. The
pos si ble mis takes in qual i fy ing the rocks to par tic u lar re gional
units (EC and TM) may re sult, as Oyungerel and Ishi hara
(2005) ad mit, from am big u ous field re la tion ships due to the
poor ex po sure of the gran ites stud ied.

The sim i lar ity of the trends in the REE and spi der di a grams
(Figs. 5–7) be tween the most of the EC granitoids and the
trachyandesites from the BGCh neigh bour hood may sup port
the pres ence of man tle-de rived ma te rial in the EC melt. A sig -
nif i cant wa ter con tent dur ing the ini tial stages of magma
crystallisation  for the ma jor ity of the EC granitoids is shown
both by their min eral com po si tion (large amounts of am phi -
boles and micas) and MALI in dex val ues (Fig. 9B).

CONCLUSIONS

Com par i son of geo chem i cal data shows that gran ites of the
Baga-Gazriin Chuluu pluton and the A-type gran ites of the
Egiindavaa com plex and Tsagduul mas sif (from the Hotont
area) could have formed at the same time. 

On the other hand, the ma jor ity of the rocks de fined by
Oyungerel and Ischihara (2005) as the EC granitoids has been
gen er ated in dis tinctly dif fer ent con di tions. They formed with
the un ques tion able con tri bu tion of man tle ma te rial in the melt,
per haps ear lier than the re main ing A-type gran ites of this area.
Hy po thet i cally, with out pre cise ra dio met ric dat ing, they may
be even attributable to a subduction re gime.

Based on the re sults of geo log i cal map ping, the
trachyandesites neigh bour ing the BGCh gra nitic pluton seem
to be long to the Perm ian vol cano-sed i men tary com plex, show -
ing con cor dant bound aries with the strata of that Late Pa leo zoic 
succession. 

The hy dro ther mal al ter na tion in the trachyandesites ad ja -
cent to the BGCh pluton seems to con firm that their po si tion
has not changed since the in tru sion of the granites. 

Firm con clu sions can not be drawn with out ra dio met ric dat -
ing of the plutons de scribed, be cause the field re la tion ships be -
tween them do not al low for un equiv o cal inerpretation.

All the A-type gran ites dis cussed in this pa per were gen er -
ated in decompressional con di tions, con nected with the ex ten -
sion of con ti nen tal crust, which fol lowed the clo sure of the
wes tern most part of the Mon gol-Okhotsk Ocean. A shal -
low-ly ing source of in tense heat, nec es sary for the on set of
mag matic pro cesses in the up per level of the con ti nen tal crust,
may have been con nected with melt ing of the subducted slab
af ter its break-off and the sub se quent as cent of the magma gen -
er ated. A sim i lar model has been pro posed for other re gions in
cen tral Asia (Liu, 2005; Zorin et al., 2006).

An al ter na tive model could in voke the pres ence of man tle
plume un der the area in ves ti gated. Re gard less of the cause, the
ex is tence of a shal low-ly ing heat source in this re gion in the
Early Me so zoic seems to be be yond doubt. Al though most of the 
re cent pub li ca tions on the Phanerozoic granitoids of cen tral Asia, 
which use neo dym ium iso tope anal y ses, in di cate the “ju ve nile”
char ac ter and strong man tle sig na tures of these rocks (e.g., Jahn
et al., 2000, Kovalenko et al., 2004), based on the re sults of the
in ter pre ta tion of geo chem i cal anal y ses of the Baga-Gazriin
Chuluu area and the Hotont area gran ites (with out iso to pic data),
there seems lit tle sup port for the di rect con tri bu tion of the man -
tle-de rived ma te rial in the mag mas which formed the A-type
gran ites stud ied. Per haps the role of man tle mag mas was lim ited
to pro vide the heat source which warmed from be neath the up per 
lev els of the crust, re sult ing in its melt ing.

It may be in ferred that the se quence of events, from the
func tion ing of the Mon gol-Okhotsk Ocean (at least in the early
Car bon if er ous), through its fi nal clo sure (east ern part in the Ju -
ras sic, west ern part much ear lier – ?P/T), for ma tion of a tec -
tonic su ture and ex ten sion of the crust cou pled with the gen er a -
tion of A-type gran ites (T/J) seems to be plau si ble and is con -
sis tent with the as cent of man tle-de rived mag mas into the shal -
lower parts of the con ti nen tal crust.
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