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FELIX GRIGORY'EVICH REYF* - EVGENIY DANILOVICH BAZHEEV* 

DETERMINATION PRINCIPLES OF ORE-BEARING ( M o - W - S n ) 
GRANITES AND THEIR THERMOBAROGEOCHEMICAL FEATURES 

(Fig. 1. Tabs. 3) 

A b s t r a c t : A m o n g grani t ic intrus ions, w h i c h are accompained or con­
tain greisan-vein minera l izat ion, some m a y b e h a v e as pass ive wal l rock, 
t h e o ther m a y heat u n d e r g r o u n d w a t e r and ini t iate its convection, the 
thi rd m a y be the source of ore-forming solutions. Only int rus ions of 
t h e last type m u s t be d e t e r m i n e d as ore-bear ing ones. Such intrus ions a r e 
recognized by m e a n s of fluid inclusions s t u d i e s : composit ion of the pr i­
m a r y inclusions in m i n e r a l s of ore-bodies w a s being c o m p a r e d w i t h m a g -
m a t i c fluids composit ion, w h i c h are present in quar tz of grani tes as 
p r i m a r y fluid inclusions, syingenetic to mel t inclusions. Salt composit ion 
of solut ion and ore-forming e l e m e n t s concentra t ion are establ i shed using 
freezing and laser-spectra l m e t h o d s . It is found t h a t h y d r o t h e r m a l ore-
forming solutions dist inctively i n h e r i t t h e composit ion of m a g m a t i c fluids. 
The mel t inclusions studies has shown t h a t ore-bear ing intrus ions, as 
dist inct from b a r r e n ones, are character ized by t h e he ightened initial 
w a t e r content ( s 4 % against « 2—3), and intens ive dist i l lat ion into t h e m 
begins at the early, but not at the final s tages of m a g m a t i c crystal l izat ion. 
Using worked up t h e r m o b a r o g e o c h e m i c a l cr i ter ia new m i n e r a l o c c u r r e n ­
ces are found. 

Pe3toMe: Cpe.au rpaHHTHbix HHTpyiHíí, conpoBoacoaeMbix HJIH BMemaiomHX opy-
ÄeHeHHe rpeň3eHOBO->KHJibnoro THna, OAHH MoryT HrpaTb pojib naccHBHOň paMbi, 
apyrae — HarpeBaTb noa3einHbie BOflbi H B036y>K.aaTb HX KOHBCKUHK), TpeTbH — 
Cny}KHTb HCTOHHHKOM MeTajlJIOHOCHblX paCTBOpOB. JlHUIb nOCJieflHHe CJieAyeT CHHTaTb 
pyflOHOCHbiMH. TaKHe HHTpy3Hn BbiaBJieHbi nocpeaCTBOM conocTaBjieHHH cocTaBa 
nepBHHHbix clinioHflHbix BKjnoHeHHÍí B MHHepauax pyanux Ten c cocTaBOM nepBHi-
ubix (conyTCTByiomHx) BKmoieHHH MarMaTHnecKoro (ti.nton.aa, KOTopbie npHcyTCTBy-
K)T B KBapue rpaHHTOB H CHureHeTHHHbi pacnuaBHbiM BKJiK>HeHHHM. ConeBoň cocTas 
<jwiK>n,oa H coaep>KaHHe B HeM pyaoo6pa3yiomHX sxieMeHTOB onpeaenenbi MeTOnaMH 
KpHOMeTpHH H Jia3epHoft cneKTpocKonHH. YcTaHOBJieHo, HTO rnapoTepMaJibHbie 
pacTBopbi OTHeTJiHBO nacjieayiOT cocTaB MarinaTHiecKoro (j)jnoH,aa. H3y4eHHC 
pacnJiaBHbix BKUKmeHHii noKa3aJio, HTO pyaoHocubie HHTpy3HH OTJiHHaioTCH OT opflH-
napHbix (6e3pyaHbix) nOBbimeHHbiM Hcxo.HHbiM BOflOcoÄepiKaHHeM ( > 4 % npoTHB 
< 2 — 3 ) , a HHTeHCHBHas flHCTH/LrauHH B HHX HaiHuaeTcsi He Ha 3aBepinaK5ujHx, a na 
paHHHX CTaaHJix MarMaTHnecKOn KpHCTajinH3auHH. Bnaroaapsi HcnoJib30BaHHK> 
pa3pa6oTaHHbix Tepivio6aporeoxHMHHecKHx KpHTepneB BbiHBJieHbi HOBbie pyaHbie 
o6i,eKTbi. 

An idea about special ore-forming role of granit ic intrusions is based upon 
the empirically established faat t h a t certain types of hydrothermal deposits 
of Mo, W, Sn, Cu, and some other metals a re usually s i tuated in (or near) 
granitic massives. Existent views on t h e cause of this regular i ty may be roughly 
groupped in two al ternative conceptions. According to the first of them, ore 
mineralization is located near the intrusion, because a magmatic melt as the 
main source of ore-bearing solutions. The second conception assignes to be 

* Dr. F. G. R e y f, Dr. E. D. B a z h e e v, Siberian Branch of the Academy of 
Sciences USSR, Buryat Filial, Geological Institute, Pavlova 2, 670 015 Uhlan-Ude. 

http://Cpe.au
http://ti.nton.aa


376 REYF - BAZHEEV 

intrusive body the role of a thermal energy source, stimulating convection 
of non-magmatic waiters, which extract metals from the rocks washed and 
deposit them at geochemical barriers. 

It is quite probable that both the principles are realized in nature. But if 
according to the first conception, the possibility of deposits formation is indeed 
caused by the melt composition and the peculiarities of magmatic crystallizat­
ion, then, according to the second one, water and metal contents in country 
rock come to the fore. As appears from the above-said, in either case a mag­
matic body is supposed to play an important role, but only the first case gives 
reasons to consider the intrusion as an ore-bearing one. In this sense of the 
term the main principle of determination of ore-bearing granites must consist 
in existence of a clear-cut dependence between the probability of ore-forming 
hydrothermal system origin and the peculiarities of the magmatic process de­
velopment. 

This principle underlines rnineralogical-ipetrographic and geochemical approa­
ches to subdividing granitic intrusions into ore-jbearing and ordinary (barren) 
ones. But the rocks used in these cases are only "dry residue" of the former 
magmatic melts and do not reflect their composition in full measure. Moreover, 
rooks do not give direct information about state of aggregation and phase com­
position of mineral-forming medium. In a large measure, therefore, there are 
alternative points of view on many "near-intrusive" deposits origin, including, 
for example, the well-known tungsten-tin deposits of Cornwall (C h a r o y, 
1980; A l d e r t o n — M o o r e, 1981; B r o w n et al., 1980). 

Inclusions of mineral-forming medium in crystals give far more complete 
genetic information in comparison with rock. Therefore, we have approached 
dilemma under discussion on the basis of fluid and melt inclusions studies 
in minerals of granites and hydrothermal rocks with tungsten and molybdenum 
mineralization of greisen-vein type, which accompany some of the investigated 
intrusions. Inclusions studies were forestalled by geological and mineralogical-
-petrographic investigations with a view of establishing the succession igneous 
and hydrothermal rocks formation and the order of minerals crystallization, 
determining mineral associations and successive generations of individual mi­
nerals (R e y f—B a z h e e v, 1982). For example, Fig. 1 represents the sampling 
net of Soktuy granite massive measuring 300 km2. As a result of microscopic 
study of immersion preparation made from every sample, all inclusions were 
classified, prevalence of different inclusion types was ascertained, the most 
representative specimens were selected for making polished plates. The latter 
were used for establishing primary (secondary) nature of the inclusions and 
their fittness for heating, freezing and laser-spectral investigations. All these 
measures make the results, that characterize certain stages of process, to be 
representative. In this way we have researched more than 20 hypabyssal gra­
nitic intrusions, one half of which accompained by considerable ore mine­
ralization and others were barren (ordinary). 

The main regularity revealed consists in the following. Only those intrusions 
are ore-bearing, which separate considerable amounts of fluid-saturated melt 
as a product of their evolution. On ore veins level injections of such melts 
are represented by the premineral granite or granite-porphyry dikes, which 
are formed at the latest intrusive phase. The fluid-saturated state of this dike-
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Fig. 1. The sampling net of Soktuy granite massive. 
Explanations: 1 — Quaternary sediments; 2 — Mesozoic and Paleozoic sedimentary-
metamorphic rocks; 3—6 — igneous rocks: 3 — granite-porphyry; 4 — fine-grained 
granite; 5 — coarse-grained-granite; 6 — quartz monzonite; 7 — W and W-Sn mineral 
occurrences; 8 — points of sampling; 9 — outcrop area of fluid inclusions containing 
two solid phases involving halite. 

-forming melt a l ready at early crystallization stage is proved by the presence 
of syngenetic p r imary both melt and fluid inclusions ("accompanying", by Y e r-
m a k o v , 1978) in phenocrysts. Intra te l lur ic na ture of the la t ter is confirmed 
by their availabil i ty in fine-grained rocks of chill zones. 

With the help of the devised technique of laser^microprobe analysis of in­
dividual fluid inclusions (I s h k o v — R e y f, 1980; R e y f—I s h k o v, 1982) 
it was found that the magmat ic fluid, t rapped by phenocrysts, is characterized 
by such high concentration of "ore" elements, as hydro thermal solutions are 
(R e y f—I s h k o v. 1983). In the Tab. 1 the analysis results of the magmat ic 
fluids and ore-bearing hydro thermal solutions analyses a re shown in com­
parison wi th the data on postmineral solutions. Results of comparat ive freezing 
studies of the accompanying fluid inclusions in magmatic quartz and the pr i ­
mary inclusions in quartz of hydro thermal veins are represented in the Tab. 2. 
Distinct inheri tance of the magmatic fluids salt composition by the hydro-



378 REYF - BAZHEEV 

— 
'3 

3 

3 
a 
c 

-C 

>> 
a c 
CO 

JO 
O 

8 a 

° ̂  ° o 
CO 01 

01 •£ 

s -

-

CO 

O 
OJ) 

c 
N 

3" 
O 
ď 

a 
U 
OD 

2 I 

3 

o ^ 

>> C 
3 — 

~í> UJO 

o S 

« 
X 

CJ 

- j " 

3 

a 
« 

— 

E -

« 
g" 

i I 

.ti a 
•- - D 

i—« N 

Si Q 

3 
U 

c 
u <l) 

— 
& 

-. c-

-
o 

3 

a 



THERMOBAROGEOCHEMISTRY OF ORE-BEARING GRANITES 379 

o: 

cti 
U 
QČ 

s 
ffl 
CD 

E 
3 

U 

TJ 
m 
CJ 

cu 
OJ 

T 3 
, i 

O 
C 

T 3 
D 

a 
a j 

u 
— 1 1 

O 

c 

•a 

^ 
o 
(D 

OJ 

— 
+_i 

o 
c 

- I c 
z 
s 
-r, : c 
— 

C 

a 

CD | 

n 
n 
0) 

— 
S 
C3 

T I 

£ 

q j 

- i 

'—' 

O 
CD 
i—1 

1 LO 
OS 

O i 

ro 

1 « 
". 1~4 

1 

(M 
O 
o 

-
-

C 

X) 
ctj 

S3 
O 

CD 

-a 

I 
CD 
C 

OJ 
" C 

3 

£3 

c 

0) 
-C 

T3 

•D 
-G 

O O 



380 REYF - BAZHEEV 

cú 

'3 

T3 

• a 

cd 

01 
J3 

be 
C 

D 
> 

H: 
P-
S 
: 

O 
o 

dl" 

D 
-t-3 

03 

<L> 

E 

H 

— 
CO 

c/l 

c/) OJ 
S ^ 
-C 0) 

o 2 
5 B 

Q t-. 

o S 

o 
r-

CJ 

£ 
CJ 
OJ 

3 
a; 

i 
r..1 

BJO 

o 
S 
ô 
s: 

CD 

a >> 
(P 
ft 
a ca 

o 

P 
c 

c/3 

+ J 

c 
o 
a 
c 

£ 

c o 

Cd 
N 

3 

T3 
,—i 

OJ 

£ 
cu 

^ o 

d) 

o 
c 
>> 
o 

_v 

o 
a 
w 

i ~ 

o 
o 

m 

o 
o 

II 
Z 
<1 

J 

S 
« 
a 

"-** -U2 

u 

J 

i n 
CM' 
CM 

1 

LO 
•M 

I 

o 
cc; 
ro 

p 

+3 

s ao 
ca 

^ 

•4H 
O 

C 
C 

3 

"c 
to 

CC 

E 
CĽ 

j : 

"c 
6 >-
H 

LO 
O 

O 

LO 

O 

o 

II 
II 

s 
+ J 
£ 
d) 

cd 

Q 

£ 
R 
a 

_, w 
J 

o 

( M 

CO 
( M 

1 

1Q 

cci 
7-1 

1 

o 
c : 
t M 

m ,—i 

tu 
bD 
cd 

Q 

co 
O 
C 
tu 

T3 

0> 

cd 

CO 

CM 
i 

1 

m 
-M 

o 
c-
co 

(Ľ 

CO 

c 
O 

a 

0 

w 

o 
a 

T ! 

<D 

<4H 

OJ 

Í H 

o 

ť l 

-4-J 
y 

o 

w 

•̂. £ 
A 

g 

— W 

^ 3 

S 
VI 
Ä 

en 

u 
ca 

& 1 
W 

• * 

o: 
LO 

i 1 

© 
xz 

O 
CD 
LO 

O 
—1 
LO 

-d 

~ 

"S 
E 
no 
ca 

S 

4H 
C 

CO :-; 
C 

3 

3 W 

cd 

E 
01 

J3 

c 
T3 

!> S 

— c 

^ 2 
A A 

zz 
— „ M 73 

j 

g 
VI 

• - T J - H 

S
 

N
L

) 
N

 -
< 

N
 

ab
se

n
 

£ 2 ; ~ < ľ 
T,w S 

W M 

O O 
cd ca 
& Í S 
L 1 

M W 

CO 

cd 
i 
1 

o 

1 

O 
-.3 

•* 
o 
tľ-
- Ť 

01 
B O 
cd 

CO 

C 
O 

CO CO 

CO i—í 
( M C<1 

I i 
1 1 r-j 

1 
LO ( M 1 

T*< CO 
CM CM | | 

LO O O 
CO TjH LO 
CO CO i-H 

l O O O 
CO l O CO 
CD CO r-H 

ag
e 

tá
ge

 

co CU 

S-2.2 
" - 1 CO + J 

ip
os

i 
;p

os
i 

ti
on

 
ep

os
 

CU UJ •-< r r s 
T 3 T 3 2 i 

1 

0) 

Ä 

i ^ + J 
QJ ft co 
í-i O) o 
U T J D-



THERMOBAROGEOCHEMISTRY OF ORE-BEARING GRANITES 381 

thermal solutions together with the laser-mieroprobe data indicates that the 
mam source of the ore-bearing solutions is the f luid-saturated magma formed 
owing to differentiation of the intrusive on the whole. 

We believe that a low degree of crysytallization of such f luid-saturated mag­
ma creates favourable conditions for the extract ion of metals lby the coming 
upwards fluid bubbles and collection of them in apical par ts of the intrusion 
with subsequent mooving off into fractures of wall rook. 

Radical distinction of ordinary (barren) intrusions from ore-bearing ones 
consists in the following: differentiation of them does not cause large masses 
of the f luid-saturated melt to be separated, a l though the sa tura t ion of residual 
magma at the last stages of crystallization takes place. This conclusion is based 
on the results of the study of inclusions in grani tes which form the main 
intrusive phases and vein derivates. 

Accompanying inclusions a re revealed here very seldom and only in the 
la te-magmatic quartz, forming per iphery par ts of grains and filling interstices 
between earlier idiomorphic crystals. Such interrelat ions are peculiar even to 
granites of final intrusive phases and their vein derivates (aplites). Hence the 
f luid-saturated state of magma which forms ordinary granit ic intrusions arises 
only at late crystallization stage when the melt is almost exhausted and fills 
mte rgranu la r space of crystalline framework. 

We believe in these cases the magmat ic fluid separated from in te rgranula r 
melt to be also metal-bearing. But because of unfavourable conditions for 
upward migration, a great bulk of this fluid is concealed wi th in rocks and 
later produces autometasomatic t ransformat ion of granites and a slight hydro-
thermal al teration of them a t local sites. 

The cause of such essential distinctions between ore-bearing and ordinary 
intrusions will become intelligible if the data given in Tab. 3 are taken into 
account. They reflect the results of water content determinat ion in melt 
inclusions using N a u m o v 's method (1979) wi th the precision characterized 
by the relative s tandard deviation of 15.8 °/o. It is impor tant to emphasize that 
inclusions for this procedure were selected in the ear ly-magmatic quar tz from 
granites of the first intrusive phases, therefore the estimations obtained con­
cern initial water content in magmas. 

As appears from the above, the ore-bearing intrusions systematically differ 
from the ordinary ones in hightened initial water content. Detected distinctions 
are not too great, but they essentially affect phase composition and geological 
properties of magma and thereby determine the ability of a magmatic system 
to generate large cumulations of the f luid-saturated melt. We assume tha t 
isolation of a compact reservoir of such melt just gives to the magmat ic fluids 
a possibility to form concentrated flows in the above-intrusive zone. 

It is establisher tha t magma with low water content also may be ore-bearing, 
it it is anomalously enriched with chlorine (about 0 .25% in Mar ik t ikan in­
trusion). But even in these cases sa turat ion of the magma and separat ion of 
fluid at the early stage of crystallization because of low chlorine solubility 
m granitic melt is a decisive factor. 

Here we must remind of R y a b c h i k o v' s (1975) and B u r n h a m ' s 
(1979) data which argue that crystallization of any relatively large granit ic 
intrusion inevitably results in a t ransi t ion into fluid of such metals masses, 
which are enough for ore deposits formation, even when concentration of water , 
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chlorine, and trace elements in the melt are ordinary. But why ore mine­
ralization do not accompain every intrusion? 

It is assumed that a l though each water -bear ing intrusion produces metal-
-bearing fluids, the unusually favourable combination of s t ructural , geological, 
geochemical, and the other conditions is requi red in order to mobilize these 
fluids and collect them into local s t ructure . In other words, even ordinary in­
trusions are supposed to be potentially ore-bearing, but realization of this 
potentialit ies depends on-magmatic factors. 

T a b l e 3 

Initial water content of ore-bearing and ordinary granite intrusions determined by 
melt inclusions studies 

Intrusions, 
intrusive 

phases 

Initial water content, wt. 

O r e - b e a r i n g (W, Mo, Sn) 

Hudzhir: 

Spokoynaya: 

Mariktikan 
Soktuy 
Zharchiha 
Akchatau 

O r d i n a r y 
Maitas 

Hurtugha 
Subutuy 
Ulegchin 
Angyr 

II + " + 
HI + - + + 
IV (- + 

v h 

VI h + 
I t-

II + - + 
-++ 

h+ 
+++ 

I + 
II + 

III h 

I + 
II + 

++ 
+- - + 

Nevertheless, the analysis of thermobarogeochemical data obtained has shown 
that if initial water content of granitic melt exceed 4 % , its crystallization 
creates (as it were automatically) the conditions for intensive fluid separation 
only that moment , when favourable drain s t ructure has arisen. Therefore, we 
believe the magmat ic factors to be determinant . 

The data presented allow to formulate the main thermobarogeochemical 
features of ore-bearing int rus ions: 

1. High ( > 4 " I I ) water content in the melt inclusions which are found in 
ear ly-magmatic quartz of granites of the first intrusive phase indicates the 
possibility of f luid-saturated melt to be accumulated at the depth of this 
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i n t r u s i o n . T h i s i n d i c a t i o n m u s t s t i m u l a t e l o o k i n g for o u t c r o p s of s u c h m a g m a 
a t t h e c o n t e m p o r a r y e r o s i o n l e v e l as s t o c k s a n d d i k e s . 

2. A v a i l a b i l i t y of a c c o m p a n y i n g f l u i d i n c l u s i o n s i n t h e e a r l y - m a g m a t i c q u a r t z 
of c e r t a i n g r a n i t i c i n t r u s i o n i n d i c a t e s t h a t i t h a s b e e n t h e s o u r c e of ma.grnat ic 
m e t a l - b e a r i n g f luids . T h e s ize of t h i s g r a n i t i c b o d y a l l o w s t o j u d g e h o w d e e p l y 
t h i s i n t r u s i v e s y s t e m h a s b e e n e r o d e d . If t h e e r o s i o n h a s o p e n e d o n l y d i k e - a n d 
s t o c k - l i k e j u t s of u n d e r l y i n g p l u t o n , t h e p r o b a b i l i t y of o r e d e p o s i t d i s c o v e r y 
( i n c l u d i n g b l i n d o n e s ) is t h e g r e a t e s t . If a t s u r f a c e a b i g m a s s i f of o r e - b e a r i n g 
g r a n i t e s h a s o u t c r o p p e d , a c o n s i d e r a b l e p a r t of o r e b o d i e s is s u p p o s e d to b e 
e r o d e d . 

U s i n g t h e s e c r i t e r i a w e h a v e e s t i m a t e d s e v e r a l a r e a s for t u n g s t e n a n d m o ­
l y b d e n u m m i n e r a l i z a t i o n of g r e i s e n - v e i n t y p e . O n e of s ix w a s c o n s i d e r e d to b e 
h i g h l y p e r s p e c t i v e b e c a u s e f r a g m e n t s of g r a n i t e - p o r p h y r y w e r e f o u n d h e r e , 
w h i c h c o n t a i n t h e p h e n o c r y s t s of q u a r t z s e p a r a t e d f r o m t h e f l u i d - s a t u r a t e d 
m e l t . N o d i r e c t i n d i c a t i o n s of o r e m i n e r a l i z a t i o n a t t h i s p r o s p e c t w e r e k n o w n . 
N e v e r t h e l e s s , b y t h e f o l l o w i n g d e t a i l s e a r c h a m o l y b d e n u m d e p o s i t of s t o c k -
w o r k t y p e w a s d i s c o v e r e d h e r e . L a r g e - s c a l e p r o s p e c t i n g m a d e b y a g e o l o g i c a l 
p a r t y o n o t h e r p r o s p e c t s h a s c o n f i r m e d o u r t h e r m o b a r o g e o c h e m i c a l d a t a a b o u t 
t h e i r u n p e r s p e c t i v i t y a s r e g a r d s t u n g s t e n a n d m o l y b d e n u m m i n e r a l i z a t i o n . 

I n c o n c l u s i o n , w e s h o u l d l i k e t o n o t e t h a t c o n f i r m a t i o n of t h e p r o g n o s e s 
b a s e d o n t h e r e p o r t e d c r i t e r i a n o t o n l y i n d i c a t e s t h e i r a p p l i c a b i l i t y for s o l v i n g 
p r a c t i c a l t a s k s , b u t a l so p r o v e s t h a t t h e d i s c u s s e d f a c t o r s a n d m e c h a n i s m s do 
c a u s e t h e o r e p r o d u c t i v i t y of g r a n i t i c i n t r u s i o n s , w i t h r e g a r d t o W a n d M o 
a t least . 
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