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Abstract

Janchivlan pluton is a composite body comprising three distinctive phases intruded into lite
Paleozoic turbidites in the internal part of the Mongol-Okhotsk foldbelt. Granites are peraluminons and
strongly peraluminous, felsic, with elevated alkalinity, high Fe/Mg ratio and low CaO, rich in K, Rb, Ta,
Li and Sn. The content of these elements increased during fractional crystallization from fitst phase
porphyritic coarse-grained granites through two mica granites of second phase and to Li-F granites of the
third phase. Trace elements discrimination diagram is indicative of within-plate tectonic setting, but also
disply syn-collisional signature for first and second phases. Initial *’Sr/**Sr ratio is 0.7049-0.7044 for first
and second phases accordingly,-and 0.7187-0.7306 for third phase granites and 0.7502 for albite-lepidolite
granites. granites, indicating that source magma derived from the continental crust. Amazonite-albite
granites show very high initial Sr ratio characterizing role of metasomatic processes in their origin.
Granites are interpreted as having formed after collision in an intracontinental environment and are close
to A2 type after Eby. These are originated from continental crust, but high K content characteristic for all
phases. show 1mportant role of deep source: Miarolic pegmatites, Sn, W gre;sens and veins, alluvial Sn and
‘Fa; La mmcrahzatlon is associated with these granites.

Introduction

Mesozoic granitic magmatism occurs in the Khentey uplift of Central Mongolia.
The Khentey uplift is a part of extent, the 1000 km wide, Mongol-Okhotsk fold belt
stretched from Khangai mountain i.n Central Mongolia up to the Pacific Ocean over
3000 km. (Zonenshain et. al., 1976). Two main stages of Mesozoic magmatic events are
distinguished: Early Mesozoic (170-240 Ma) and Late Mesozoic (100-170 Ma) based on
mainly K-Ar and very few Pb-U and Rb-Sr dating. (Kovalenko et al., 1994; Koval,
1998). In Mesozoic in a large territory of Central and Eastern Mongolia the continental
crust has been formed and Mesozoic magmatism developed in the mature continental .
crust. (Geology of Mongolia, 1973; Tectonics of Mongolia, 1974). Mesozoic intrusive
episodes were interpreted as an tectonic and magmatic activation (Nagibina, 1967;
Shtseglov, 1968), continent-continent collision (Zonenshain et al., 1990), plume activity
(Koval, 1998).
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Granitoids occupy about 150 sq.km (Koval, 1988). Mesozoic intrusive
magmatisfa charactcrized'bS( quartz diorife-granodiorite-granite or bimodal gabbro-
granite seriss and shallow high-evolved granitic intrusions in the most internal part of
'-chc Mongol-Okhotsk fold belt. These granites have been described as rare metal granites
- with Li-F facies. (Kovalenko et al., 1971). High interest to Li-F granites is for their -
: e_cononﬁc source of rare metals: Sn, W, Ta and Li. Mégmati_c genesis of Li-F grénit_es
};roposed by Kovalenko et al. {1971); and expérimentally studied by Kovalenko and
Kovalenko. (1976). Based oﬁ' geological mapping at scale 1:5(?006 and geochemical study
rare metal granites were interprefed asa typical S-type, but with A-type granite features.
(Gerel, 1990). ' h

Janchivlan pluton of high-revol'ved granites was chosen as an example of gran;tes
with a potential rare metal (Sn, Li, Ta and Nb) mineralization. This paper presents a
new isotopic and geochemical data that have made a coﬁtr_ibution to understand genesis

of high-evolved granites.

Regional Geology -

The regional geology of the Khentei uplift consists of Vendian-early Cambrian,
early Paleozoic-Carboniferous turbidites and volcanic rocks intruded by late Paleozoic-
Mesozoic granitoids. Mesozoic granitoids occupy about 50% of the Khentei Uplift: It
consists. of more than 160, mostly metaluminous subalkalic to weakly alkalic
intermediate to felsic intrusions that form simple to multiphase complexes. (Koval,
1998). Individual intrusions range from homogenous to zoned and include batholiths
plutons and dikes. Granodiorites and granites are the main rock types. Minor phases
include gabbro and diorites. Late pegmatites and aplites are very common. Locally late
phases of batholiths have a slightly peraluminous composition that reflects late-stage
fractionation. (Koval et al., 1984; Gerel, 1990). Internal part‘ of the plutonic belt is
occupied by small shallow intrusions of calc-alkaline series of elevated alkalinity and end
members of Li-F granites. Intrusions are unfoliated crosscut the country rocks and are
surrounded by contact-metamorphic aureoles of hornfels or have tectonic contact.

Volcanic rocks coeval with the intrusions have not been identified.

The regional structure is characterized by strike-slip faults that disply dominant

northeast trends and east-west trends.
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Geologic setting of Janchivlan pluton .

Janchivlan pluton (Fig. 1A) is located 70 km southeast of Ulaanoaatar city on
the southérn spurs of the. Khentei Range (southern part of the Paleozoic Khentei uplift).
It was studied in detail by Kovalenko et al. (1971), Ivanov et al., 1984; Gerel (1990). -

"Host rocks consist of Precambrian metamorphic quartz-chlorite-sericite schists
with quaftzite lenses, the Middle Paleozoic sandstones and siltstones, intruded by Late
Paleozoic granodiorites and plagiogranites. The main trend of Paleozoic structures is
northeastern, coniormdble with the Khentei synclmorlum strike.

The Janchivlan pluton is composed of high-evolved granites of Early Mesozoic
age (K-Ar age 188-231 Ma and Rb-Sr age 190+2.1 Ma). The area occupied by
Janchivlan plutonis 1100 sq.km.-Pluton shows a complicate form with its apex directed
to northeast a major direction of Mesozoic fault system. ‘

Janchivlan pluton crops out in the margin of the Khentey dome and a major
phase of this pluton is composed of porphyritic course-grained granites; the second
phase of eqigranular medium-grained biotite and muscovite-biotite granites and the-
third i)hase represented by K-feldspar alkaline granites (biotite bearinz alalskites after
_Kovalenkb, 1971). Li-F granites: amazonite-albite, microcline-albite and lepidolite-albite
granites form small bodies intruded to the southern part of Janchivlan known as Urt
Gozgor and Bural Khangai (Fig. 1B ) (Kovalenko et al., 1971). Janchivaln pluton was
emplaced into Devonian-Carboniferous sediments. An irregulal; wide aureole exibits
contact metamorphic assemblages. Depth of emplacement is about 7 km estimated by
gravimetric data. (Novoselov et al., 1984) Normative composition suggesting minimum
crystallization pressures between 1 and 0.5 kbar (Luth et al,., 1964) with minimum
moving to Ab enrichment. (Gerel, 1990) .

Analytical methods
Representative samples were analyzed for major and trace elements at the
Department of Geoscience, Shimane University and Instltute of Mineralogy, Petrolo gy
and Economic Geology, Tohoku University. '
Whole rock chemical analyses were made using RIX -2000 XRF, Li by ion-
electrode method and Rb by atomic absorption spectrophotometry.
Extraction of Rb, Sr, from whole rock and mineral powders were carried out in a

glass 1000 clean room at the Department of Geoscience, Shimane University, following
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Legend

1 sFdls - 1 - Quaternary sediments :
> 2-5 [l phase granite: 2-lepidolite - albite

granite; 3-microcline-albite granite; 4-

amazonite-aibite granite: 3-biotite bearing

alaskite ~ 7

6 - 11 phase muscovite-biotite granite

7 - 1phase coarse-grained porphyritic granite

8 - PZ: granodiorite, quartz diorite, foliated

granite

2 - PZ,; foliated granite, granodiorite

10 - PZ.; turbidites

11 - Upper Proterozoic rocks

12 - fauit

13 - lineament

14 - Ulaandavaa fault

| - Quaternary sediments, 2 - dikes of pegmatite and quartz veins, 3 - lepidolite-albite granite;
4 - lepidolite-albite pegmatitic granite; 5 - fine-grained albite-lepidolite granite; 6 - amazonite-
albite granite; microcline-albite granite; 7 - biotite-bearing alaskite: 8 - | phase granite dikes,
10 - I phase porphyritic granite: 11 - PZ granodiorite and quartz diorite; 12 -PZ, 5 turbidites; 13
- diabase dike, 14 - fault .

Fig. 1. (A) Geological simplified map of Janchivlan pluton (after Kovalenko et al., 1971}. (B)

Geologoical simplified map of Buural Khnagai and Urt Gozgor area with Li-F granites (after
Kovalenko et al., 1971)
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the method described by lizumi (1996). ¥'Sr/**Sr ratio were normalized to
S r/*Sr=0.1194 '

Mica was analyzed by combination of conventional gravimetry, the ion-electrode
method (F) and atomic absorptién spectrophotometry (Na,O, K,0, Li,© and Rb,O and
-electone probe microanalyser. :

’ Petrography \ - ‘

Granites are high evolved and display high silica trend (72%-77%) SiO, from
- porphyritic course grained biotite granite to Li mica-albite granites. (Kovalenko et al.,,
1971; Ivanov et al., 1984; Gerel, 1990). i

First phase p'orphyritic coarse-grained biotite granite occupied about 65% of
intrusion area. It contains X- feldspar Or,; Ab,s; as phenocrysts and in groundmass
Or86Abl4 (45-65%), quartz (30-35%), plagioclase An,, s (10-15%) and biotite (2-5%),
allanite, apatite, zircon, magnetite and ilmenite as accessory minerals and chlorite as
secondary mineral.y Coarse-grained'biotite granites became equigranular biotititic and
leucocratic and contzin a number of miarolic pegmatites.

Second phase granites occupy about 25% of intrusion area and are represented by
medium grained weakly porphyritic biotite granite composed of K- feldspar Or;;Ab,;
. (40-45%), plagioclase (10-15%), quartz (32-25%), biotite (4-6%) and muscovite (2%) and

accessory minerals are allanite, apatite, zircon and magnetite

Third phase biotite-bearing leucogranites (alaskites) occupy about 17% of pluton
“area and Li-F granites (microcline-albite and amazonite-albite) about 6% and lepidolite-

albite granites 1% accordingly. They composed of K-feldspar (36-38%), plagioclase An, ;-
s (15-23%), quartz (38-40%), biotite (3-4%) and accessory minerals: topaz, ‘fluorite,
monazite, columbite, ilmenite, and magnetite. Biotite bearing leucogranites crop out in
the northeasté_rn part of the pluton and form the Ulaanburd stock. They are associated
with microcline-albite and amazonite albite granites in the southwestern part of the
pluton in Buural Khangai outcrop (Fig.1B). Latter and the Urt Gozgor outcrop of rare
metal granites have asymmetric dome shape elongated in the northwestern direction.
They belonging to large Ulaan Davaa fault and are fractured into key like blocks by
northeastern faults, plumaged the Ulaan Davaa fault.

The Buural Khangai outcrop (Fig.1A) has a concentric zonal structure.
Microcline-albite granites are light yellow medium grained rocks composed of dark gray
quartz (40%), perthitic K-feldspar (30.5%), albite An, o, sometimes sugar like albite An, ,
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_(25.5%) a,nd acessory mica: protolithionite and light Li fengite. Other acessory Imnerais
are topaz, fluorite, zircon, monazite, columbite, xenotime, cassiterite and magnetite.

Amazonite-albite granites are light colored, medium grained, poorly porphyritic
composed of light gray quartz (38-39%), blue green amazonite (35%), white albite .(21%)
and accessory minerals (pfoto]ithionite-zinnwaldifte)' and topaz, fluorite, ;ircbn,
monazite, columbife and cassiterite. \

Albite-lepidolite granites composed of quartz, K-Leldsp'lr (14%) albite (57%),
lepidolite (4%) and topaz (2-2. 3%) Some contain up to 10% topaz and up to 20 %
lepidolite. . Albitites have upto 90 % of albite, 3% microcline, 3% quartz, 2.5% lepidolite
zmd‘ 0.4% topaz. Accessory minerals are ﬂuo'rite, zircon,_ monazite, columbite, Pb-
pyrochlore and cassiterite. There are massive chilled, moderate porphyritic, abundant-
porphyritic and pegmatitic (Kovalenko et al., 1971). Contact between porphyritic granite
and albite-lepidolite grahites was checked by two-drill hole at the depth of 67-106 m.
(Sizykh et al., 1984)

Albite, quartz, K-feldspar and Li-mica are the major rock-forming minerals.

-

Magamtic topaz is common accessory mineral. Quartz is unhedral. Lepidolite is very
abundant K feldspar is unhedral, poikilitic Quartz crystals are idiomorphic. Granite is
greisenized and fluorite is common for all types of Li-F granites. Cassiterite is also
common.

Mica forms trend from 51derophyll1te in first phase gra,mtes to lepidolite and zinn- -
waldite from third phase (Tab. 1.Fig.2, 3). "

Litium is one of the essential constituent elements in micas especially in the Li-F
granites, pegmatites and greisen that associate with Nb and REE elements.

Tischendorf et al. (1997) proposed the estimation of Li,O from the empirical
relationships between Li,O and SiO,, MgO, F and Rb in trioctaﬁedral micas and
between Li,O and F as well as Rb in dioctahedral micas. After that they partially revised
the equations between the relation of Li,O and MgO in Li-micas due the difference in the
tectonic environments of granites (Tischendorf et al., 1999).

We present the analytical data by means of the electron probe microanalysis of
the other Li-bearing micas from Janchivlan and one analysis from amazonite granite of
the Avdrant plutons. Most of the mica belong to the low Li-Mg group, therefore their
Li,0 contents were calculated from the equation of Li,0=[0.9/(0.26 + MgO)] -0.05 by
Tischendorf et al. (1999). Some micas in J-5 and J-14 are rich in SiO, and low in

31



6
{ Fewe Mn+Ti-Al"
S I
| ' lep.domelane .
Sk RO oAy N
/ Li-Fe micas ] 5‘} e]r“’t'- ! Mg-Fe micas
. payliite :
3 : Fe bmtlte.
7 : - J-754
proto-O @ g
: : lithio-. J=738 T
14  nite - , .
A i3k . : . 't Mg biotite |
Avd -13 : '/ = X . phiogopite
0 = ' . ........................
. Zi“n_: 6: : J"3 \ (alurnlno alumlﬂﬂ—
; E waldit'? LR Mg- bmme,)llhlogo
= . . phengite ]  pite
- 1 3 /
-2 o 7
4 I
°T B K W . U Mg-Al
i micas
Mg-Li
"4 LJ ] L] ] L}  § T 3 L] ] v 1 L] ] 1] | L] [ ] L]
-4 -3 2 -1 0 1 2 3 4 5. 6

Fig.2. Micas from granites of Janchivlan pluton on the diagram of [Mg-Li]’
vs. [FewurtMn+Ti+Al], with Ryi = 4.4 as the boundary between di- and
trioctahedral micas (Tischendorf et al., 1997). J-754, J-757 and J-759 are
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‘ octahedral Y-site with R"P<5.0, therefore they may belong-to the transitional type of tﬁ-
and ¢1-o¢tahed1;al micas. Tischendorf et al. (1999) recommended only micas with"Y-site
> 5.0 for the estimating, Li.O by correlation with MgO. Ther<fore, calculating the 14,0
of micas of J-3 and J-14 may have large errors: These micas may have more Li,O
concentration than calculated values. The concentration of H.O also can not be
determined, therefore the values were calculated as the stmchmmetry of( OH+F +Cl) =
4.00. Some micas exceed 4.00 of the value F + Cl. Tischendorf et 11 (1997) proposed the
nomenclature of ideal migas from th= position on a Mg-Li vs. Fe,, + Mn+Ti-AI"D
diagram. According to the diagram. the result of one wet analysis of Avd-12 by
Tischendorf et al: (1999) is in good agreement with that of the conventional gravimetry.
Mica in J-2 is rich in Fe and Mg, but poor in Li and belongs to M g-bioti‘te. Micain J-3is
rich in Fe and poor in Mg, and contains about 1% of Li20, therefore it belongs to
protolithionite. Mica in J-5 is rich in SiO, F, and Li,0 > 3%, but poor in Fe and ’\/Ig

* Therefore it has Y-site cation less than 35, and belongs to zinnwaldite according the

nomenclature of Tischendorf et al. (1997), howe‘{er due to its low content in Y-site

cation it is transitional between zinnwaldite and Li-muscovite. Micas in J-13 are rich in

Fe, medium in Mg, Li and F, so belong to zinnwaldite. J-14 mica is medium in Fe, Mg,

Liand F, therefore it belongs also to zinnwaldite.

The major trend of mica from granites of Janchivlan pluton (Fig. 3) is in a good

agreement with mica analyzed by wet ciwrmstry (Kovalenko et al., 1971; Lapides et al.,

1977) |

Geochemistry

The chemical composition is shown in Table 2. Granites are silica rich (SiO, range
from 72% to 78%, subalkaline, (Fig. 4A), peraluminous and sfrongly peraluminous
(Fig.5). Major petrochemical characteristics of I and II phase granites are high silica
content, elevated alkalinity, high Fe/Mg ratio, low CaO and high Al,O; (Gerel, 1990).
On Ab-Or-Q-H,O diagram Li-F granites are plotted near the Ab coﬁer. Granites are
calc-alkaline and plot in the subalkaline field on TAS diagram. (Fig. 4A) and high K and
shoshonitic field indicating elevated alkalinity. (Fig.4B). Granites are high evolved, but
three phases are clearly recognized with maximum of 72% SiO, content for I phase, for
second bimodal distribution with maximums in 70% and 74% lSi02 and 75%8Si0, for the
third phase exhibit fractionation of silicic magma With increasing SiO, content Al,O;,
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Fig. 4. Granites of Janchivlan pluton on the total alkalis-silica (TAS) diagram (A) and
(B) on the K50 - Si0; diagram (Le Maitre et al., 1989; Peccerililo and Taylor, 1976)
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Table 3. REE concentrations of the Janchivlan pluton

‘Elements /--/ | lphase | Ifphase ° ! phase e J
2 swhan | i TR EEErANT RET J-18

La L 2ss32 12937 56306 35478 1769 15392 6186 14902
Ce | s3s44] 31298 110.875| 80036 7.857] 47771 21418 43788
r | sen 3588, 1239 9.656 101 7.865|  3271f  6.008
Nd 22203| 12238 37746) 302310 2.367] 28889 10965 18936
[Sm 4.424 2.698! 8.317 7256, 0765  11.042 4281 6.847,
Eu 0519 0.36 0.15 0.130  0.005 ol 0014 0008
Gd ) 1,658 2,181 8426 7091 0281 10921 2859 7.593|
To 0.567 0.363 1847]  1.652) 0.22) 27460 0563  2.I5I
Dy 2941 2021 13.299) 11969 0936 206120 3007 1696
|Ho 0544 0.356 31| 2768 0u72 441] 0477 4057
Er 1339 0.936 9.985 933 0.676 14494 1325 14569
T 0.195 0.147 1825 179al 0220 29170 0262 3093
Y 1242 0918 12207] 12791 2425 20334] 1919  23.468]
|Lu 0.173 0.131 1708)  1.8030 0335 282)  0264] 3.6

TiO,, MgO, CaO, Na,O decrease, whereas K,O increase. (Gerel, 1990). FeO/MgO ratio

and K content are high. It seems to be a general characteristic of high-evolved granites.
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There is distinct difference between granites z;epresented I and II phases and III

shase granites. High silica content, low CaO and M 20, high F&/MgO ratio-and elevated
Aalkalinity ‘characterize Li-F granites.

Trace element chemistry (T1b. 2) distinguishes T and II stage granites from the Li-
FAgranites by low Ba, Sr and high Li, Nb, Rb, Y and Ga (Fig.6A). *EE puttern (Tab. 3,
Fig. 6B) show typical for evolved gmnit'es picture with high Eu anomaly.

In tectonic diagra:ns Rb vs. Y+Nb (Fig.7B) and Ntb vs Y granites of Janchivlan
pluton are plotted in the within plate sranite field of Peurce etal. | 1984) instead the [ and
IT phases, which are plotted in the field of syn-collision or in the boundary between syn-
collisional and within plate granite. (Gerel et al., 1999). Both I and II phases granites on
‘e diagram 10000*Ga/Al vs. FeO*/MgO and 10000*Ga/Al vs. Na,O+K,0 are plotr-d
on the area close of I&S (mainly in the border)..This is supported by diagram
1000*Ga/Al vs. Zr and SiO, vs: FeO*/MgO where the I and II phase granites are plotted
in the field of [ & S in the border, but III phase granites outside of this field. On the
diagram Y/Nb vs. Rb/Nb (Fig. 8A) they are plotted on the fisld A2 after Eby (1992).
Trace element trends are generally as smooth as those of major elements: RB, Ta, Nb,
Th, increase, whereas Sr, Ti, Ba decrease from I to III phase compositions. Rare metal
granites are enriched in Li, Be, Rb and F (Tab.2, Fig. 6A)

Mineralization

Every phase of granites is characterized by different mineralization. Miarolic
pegm'atites are associated with I stage porphyritic coarse grained biotite granites.
Pegmatites have fine-grained and graphic texture, high Fe, SiO, and Na,0+K,0 content.
They are belonged to miarolic mountain crystal-bearing pegmatites (Gerel, 1978; Ivanov
et al., 1984). More than 200 pegmatite bodies are known. Rare metal pegmatites are
associated” with III phase granites. Sn-W mineralization is associated with II stage
biotite-muscovite granites contained greisens and quartz veins with Sn, Sn-W and W
mineralization and Sn placers. The most common are quartz-tourmaline, quartz-topaz
and quartz-muscovite types. Zinwaldite-bearing greisen (zwitter) is also occured in some
area. (Kovalenko et al., 1971; Sizykh et al., 1984). Greisens are enriched in SiO, and
depleted in alkalis, especially in Na. Albitites are depleted in silica and enriched in Na,

sometimes up to 10.34% (Kovalenko et al., 1974).Urt Gozgor and Buural khangai



val Ter™ 87 Tie [ & 19 g% 651 601 29 IEL 501 ovi sal EE 17]
zkl viL 991 85 €22 z97 Skl vaz €Ll 1EL (¥21 o9El vl 8kl h zr A
2 1 e 0: - 2 L - L L < 0 o0z X St iz A
2 . 9/ 81 zz 1z - 7 A A - L & 8z ul
0 9 0L g1 6 | Ll L 38 Z ;74 801 ki 1zZL aLL 8
16€1L rosZ 104 18BZ - - 0.8 992 3 = §ie 7 LLiE s QY
20F1 Qa7 zre 18T QlLi 6YLZ Zn/ 0902 614 9z9 vyl 159 2e% Lee] [3:74 502 ay
ool L i3 62 £9 4> 8L 09 ¥s og b5 £ bt e 14 6L ad
5 L i g1 £E ze 82 e 5 8 87 62 S £z £ sz IN
[ 0% 0E Sl re oz ae ay av 8¢ f:T4 v L Sk 13 atL an
erl (§::11 €8¢ ARE7Z - - F 00% BYZ 3 8bi 2 gel = 21
ve oF 8¢ 85 vL 19 £5 99 62 87 vG 9e 0z 68 \z zZ 29
B 9 g :13 z 9 (41 = = iz oL -1 >3 = al 19
ol o - € il £/ o . 58 26} - Zol = 821 ay
- - 0gZ 161 $0Z £9 00Z 16 18 89 961 £0¢ bl 00§ sez eg
. (dd) sjetues aser)
©ooi | [vZool  [2g00L [@B001 (£l ick  [ARODL  JZA001  |Zza0l  [imiol  Jikool  Jsaool |zt oor  Tszes 12400+ (8266 gaot LN
S0'1 S0 €60 a6 5.0 620 LlEn v o 86 1 [ BZ 0 ¥'0 290 (2 80 220 101
- zoe 100 [} 100 0 * 0 Z00 s - Z0°0 80°0 0 ZLro vi0 S0ty
67 G fo g SOt LAl 18¢ 208 a6 e ebg Sy L8y L't S0°S ¥s'F 91’g 96'g 1y o™
Sve 7Z5 £0G 489 6% G £/E 8Lk €09 g8'c LE S ¥ €8 e 56 E 9L'€ ge” spe o%eN
210 800 zZ0 1L0 EEAL 6L0 1Z0 ¥ 0 8E°0 r'o 620 190 1zt ¥S°0 150 BE L 0ed
60 0 0 €00 Lo DIN] €10 €10 ¥o00 €00 Lo sLo £8'0 ] ZE0 150 (eli}
zZ00 510 200 oo sio <00 00 o £00 €00 200 ¥0'0 200 €00 500 900 oun
£90 820 850 €10 90°0 500 1£0 200 €60 /80 680 ' |l0 €Ll 190 bl L 0”4
170 ] £1°0 4% 10 800 82 0 110 ¥Z'0 yZ'o vl 890 £ED £60 50 g2l f0%a4
Z6 L1 LR ag el al gL 801 8%l BGEL veLL Gzl 9¢ ¢1 BE vl 82l ar vl ri gL LiGE 98'El oY
HY zon 0 e = inn 80°0 00 0 600 $e0 £0°0 120 980 o1
18 L4 LX) 2052 9/ 89 L 74 £0°92 gL LT €214 95°9. 16°SL %7 YrTL 9294 9 0L E6EL oIS
e AN e L T Teseyd ) 3 asoyd || aseqd |
e : e, TR (% 1M) sapio JoTei
e 1T O RN T T LT T N O = ) T Tt 7T e e O T -f [ 00LT o ajdwieg]

e uepang:

[ 2yy jo suskpun [e3ay30aD palaaas 7 ajar |

39



10000

1000
100 :
19
1
0.1 .
—#—] phase =
0.01 | | —%—1I phase O
—@— 111 phase
©0.001 :
K Rb Ba Th Nb Ce Zr Y Sr P Ti Pb
1000
1.‘
100 o
10 -
1 O 3
0.1 }|—@-1 phase 0
——1l phase Q
O lll phase
0.01

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Fig. 6. (A) MORB normalized spiderdiagram for granites of Janchivlan

pluton. (B) REE pattern for the Janchivlan pluton (normalized to
primitive mantle, Mc Donough, 1992)

40



Rb (ppm)

7.0 1 9

R2 ' ¥ 1 phase

L o phase
0803 D III phase

A
Fa
2000 4
\
Pre-plate
~ oregenic
PDS:'ft " 1
1000 ~upli _@w’;}m
Late orogenic
----- G-. = —% ﬁ“& o
Anorogenic Post orogenic =~~~
0 L] T T

] 1000 2000 3000 R1

10000 ¢
R
)
1000 |
syn-COLG
WPG H I phase
100 @ II phase
@ III phase
YAG
10 } | ORG
1
1 10 100 1000 10000

(Y+INb) (ppm)

Fig. 7. (A) Granites from Janchivaln pluton on R1-R2 diagram (from Batchelor
and Bowden, 1985). (B) Chemical composition of granites from Janchivlan pluton
on the Rb versus (Y+Nb) discrimination diagram of Pearce et al., (1984)

41



'g.1B) with Ta, Li and albite-lepidolite granites of Urt Gozgor are the economic ore
for Ta. Series of metasomatic rocks occur in Urt Gozgor area: lepidolite albitites.
amazonitized albitites and quartz albitites (albite-lepidolite greizens (Kovalenko et al,

971: Sizykh et al., 1934). ' '

Drill holes on the Urt Gozgor discovered the contact of albite-lepidolite granites
with coarse-grained porphyritic granites of [ phase on a depth of Albitites consists of
alhits (90%), microcline (3%); quartz (3%), 'epidolits (2.5%) and topaz (0.4%). Granites
from Janchivlin pluton are plottec on Fe,0, FeO vs. Rb/Sr diagram (Blewin et al., 1996)
and show low oxidation state characteristic for Sn mineralization and fractionation of

high evolved magma (Fig. 9A and B)

Discussion

Granites of the Janchivlan multiphase pluton were emp .ced after continent-
continen: collision and closure of the Mongol-Okhotsk ocean resulting in voluminous
gr;,r_litic; magmatism occurr=d as batholiths in the Khentei upliftZs core and as shallow
small plutons in interior of the Mongol-Okhotsk belt. On the R1-R2 diagram (7A) all
granites, including data from Gerel, (1990), Koval, (1998) and new analyzed data are
plotted in area of partly syn-collison and late and post-orogenic (Batchelor and Bowden,
1985) indicating within plate origin of granites. (Fig.7": Fig. 8A). Thers is a significant
increase in Nb, Y and Zr and a decrease in Ba ©.ad Sr from the I to III phase granite. The
variati. n of these elements could be due the crystal fractionation, especially increases of
Rb. Volatilies are considered to play an important role in the petrogenesis of Li-F
granites. High evolved granites v ith Li-F facies have been described from many rare
metal provinces in the world (Kovalenko et al., 1971, Gerel, 1990; Raimbault et al.,
1995; Antipin, 2001). |

High F content (Table 2) up to 1.15% produces highly mobile magma, which can
reach high level in the crust. Li-F granites always occur in the highest level of leucocratic
granites and crop out in the upper part of pluton forming cupola or crop out in the inner
contact of multipliephase plutons. (Kovalenko et al., 1971; Ivanov et al., 1984; Gerel,
1990; Koval, 1998).

The presence of late stage F-reach fluid is also important for metasomatic
processes. Li-F granites are followed by albitites and microclinites, greisens and quartz
veins with mineralization. Geochemical characteristics show that granites from

Janchivlan pluton are very close to A2 type (8B) and differ from S type by higher
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alkalinity and abundance of ".‘-";;1, Li, Be and Sn. Eby (1992) distinéuished two groups of
A type granites: Al and A2. Granitoids of Al have low Y/Nb ratio (1.2) and generally
low initial 87Sr/86Sr ratio. These granites are differentiates of basaltic rllagmus directly

derived from OIB-like mantle sources, ‘vhich may have undergonc some crustal
 intéraction. Hi gher Y/Nb ratio (1.2:7) and highly variable ¥Sr/*Sr ratios characterize A2
type. Granites of A2 group show a complex petrogenic history. This group represents
magma derived from -ontinental crust or un derpleted crust that has been through a cycle
continent-continent collision cr island-arc magmatism. Granites of Janchivlan nluton
emplaced in the marginal part of the Khentei uplift occupied mainly by batholiths and
suggest have genstic relation with batholithic intrusions of granodiorite-granite
composition. (Koval, 1998). Initial ¥Sr/*°Sr ratio i 0.7049-0.7044 for first and second
phases accordingly, and 0.7187-0.7306 for third phase granites. Albite-lepidolite granites
show- high *Sr/°Sr ratio of 0.7502 indicating that source magma derived from the
continental crust. Li-F granitzs have Y/Nb ratio between 1.2-7.0. Initial ¥Sr/*Sr is very
variable. Due to the very high content of Rb and V:n’y low content of Sr t'hey resulting
age uncertainties Our data were calculated for calculated for age 225 and 190 Ma). Sr
initial ratio for amazonite-albite granites from Janchivlan and one analysis from
Avdrant granite is extremely high indicating great role of metasomatism in their origin.
This is supported by field observation. Amazonite is always substitute microcline.

Because area occupied by porphyritic biotite granites of I phase and two-mica
granites of II phase is much higher then area occupied by Li-F granites, spatially,
associated with Two first phases Li-F gr;mites could be the end member of rare metal
granites. (Koval ,1998). On the other hand albite-lepidolite granites form independent
body with sharp contact with porphyritic granites of first phase.

Genesis of rare metal granites is still discussed. Beus et al (1964) interpreted these
granites as apogranites and magmatic genesis of Li-F granites was proposed by
Kovalenko et al. (1971) and proved in many world provinces (Raimbault et al., 1995;
Haapala, 1997; Antipin, 2001).

New geochemical data support magmatic genesis of granites from Janchivlan
pluton and elevated K alkalinity, initial Sr ratio for first and second phase granites show
a deep source involvement in origin of these granites. Granites of third phase are highly

fractionated with complex magmatic and metasomatic signature. Because all analyzed
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rocks are not plotted to one isochron we suggest metasomatism role in origin of

amazonite-albite granites, and albitites.
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