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FELIX GRIGORYEVICH REYF* — EVGENIY DANILOVICH BAZHEEV*

DETERMINATION PRINCIPLES OF ORE-BEARING (Mo—W—Sn)
GRANITES AND THEIR THERMOBAROGEOCHEMICAL FEATURES

(Fig. 1, Tabs. 3)

Abstract: Among granitic intrusions, which are accompained or con-
tain greisen-vein mineralization, some may behave as passive wall rock,
the other may heat underground water and initiate its convection, the
third may be the source of ore-forming solutions. Only intrusions of
the last type must be determined as ore-bearing ones. Such intrusions are
recognized by means of fluid inclusions studies: composition of the pri-
mary inclusions in minerals of ore-bodies was being compared with mag-
matic fluids composition, which are present in quartz of granites as
primary fluid inclusions, syngenetic to melt inclusions. Salt composition
of solution and ore-forming elements concentration are established using
freezing and laser-spectral methods. It is found that hydrothermal ore-
forming solutions distinctively inherit the composition of magmatic fluids.
The melt inclusions studies has shown that ore-bearing intrusions, as
distinct from barren ones, are characterized by the heightened initial
water content (= 4", against = 2—3), and intensive distillation into them
begins at the early, but not at the final stages of magmatic crystallization.
Using worked up thermobarogeochemical criteria new mineral occurren-
ces are found.

Pestome: CpenH rpaHUTHBLIX HHTPY3IHH, COMPOBOKAASMBIN H/H BMELLIAMLIHX Opy-
IIEHEHHE FDEﬁ'AEHOBO-X{I‘IHbHDFO THNA, OOHH MOTYT HrpaTek poik naccHBHOH pambl,
ApPYrHe — HarpeeatThk MNOA3EMHBIC BOOb! H BO']S)’}KH&T]: HX KOHBCKUHIO, TPETBH —
CITYKHTb HCTOUYHHKOM META/UIOHOCHBIX PacTBOpOB. JIHILL NOCNeAHHE ClEAyeT CHHTATL
PYAOHOCHBIMH, TaKHe MHTPY3HM BBIABICHLI [MOCPEACTBOM COMOCTABICHHA COCTaBa
NMEPBUYHBIX (MIFOMIHLIX BKJIIOYEHHI B MMHepasax pyIHbIX Tell ¢ COCTABOM MeEpBHY-
HEIX fCCIl'I)-’TCTByIOLLlHX) BEJIHOYEHHH MarMaTHYeCcKoro [‘)J’[I—OHH&, KOTOPBIE MPHCYTCTBY -
HOT B KBapleg rPAHHTOB H CHHTCHETHYHBl PACIaBHbIM BKIAKOHEHHAM. COJ'ICBDITI cocTtas
(hroMOoa M cooepkaHHe B HEM Pya000pa3yIOLIHX 3/IEMEHTOB ONpeaeIeHbl METOAAMM
KPHOMETPHH M la3epHOM CMEKTPOCKOMHH., YCTAHOBJEHO, YTO THIAPOTEPMasibHble
PACTBOPLl OTHETJMBO HACMENyIOT cocTas marmartuyeckoro duuonna. Miayyenue
PACnIaBHbIX BKJIIOYEHM MOKA3AM0, 4TO PYAOHOCHbBIE HHTPY3HH OT/IMYAIOTCA OT OpPaH-
Hapubix (Be3pyaHbIX) MOBbILIEHHBIM HCXOAHBIM BOAOCOdepkaHueMm (=49, npoTHs
§2--3), 4 MHTCHCHBHAA MHCTH/IMIALUMA B HHX HAYMHACTCH HE Ha 3aBepr.umou.mx. a Ha
PaHHHX CTalHuax MArMaTHYeCKOH KpHCTANIH3aUMuH, Enaronapﬂ HCIOB3IOBAHHIO
pa3paboTaHHbIX TepMODAPOreOXMMHYECKHX KPHTEPHEB BLIABICHBI HOBbIE PYIHbIE
00BEKTHI.

An idea about special ore-forming role of granitic intrusions is based upon
the empirically established fact that certain types of hydrothermal deposits
of Mo, W, Sn. Cu, and some other metals are usually situated in (or near)
granitic massives. Existent views on the cause of this regularity may be roughly
groupped in two alternative conceptions. According to the first of them, ore
mineralization is located near the intrusion, because a magmatic melt is the
main source of ore-bearing solutions. The second conception assignes to be
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intrusive body the role of a thermal energy source, stimulating convection
of non-magmatic waters, 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 mineralogical-petrographic and geochemical approa-
ches to subdividing granitic intrusions into ore-bearing 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,
rocks 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 (Charoy,
1980; Alderton—Moore, 1981; Brown etal., 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 (Reyf—Bazheev, 1982). For example, Fig. 1 represents the sampling
net of Soktuy granite massive measuring 300 km?® As a result of microscopic
study of immersion preparation made from every sample, all inclusions were
classified, prevalence of different inclusion tvpes 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; 7T — W and W-Sn mineral
occurrences; 8 — points of sampling: 9 — outcrop area of fluid inclusions containing
two solid phases involving halite.

-forming melt already at early crystallization stage is proved by the presence
of syngenetic primary both melt and fluid inclusions (*accompanying”, by Y e r-
malkov, 1978) in phenocrysts. Intratelluric nature of the latter is confirmed
by their availability in fine-grained rocks of chill zones.

With the help of the devised technique of laser-microprobe analysis of in-
dividual fluid inclusions (Ishkov—Reyf, 1980; Revfi—Ishkov, 1982)
it was found that the magmatic fluid, trapped by phenocrysts, is characterized
by such high concentration of “ore” elements. as hydrothermal solutions are
(Reyf—Ishkov, 1883). In the Tab. 1 the analysis results of the magmatic
[luids and ore-bearing hydrothermal solutions analyses are shown in com-
parison with the data on postmineral solutions. Results of comparative freezing
studies of the accompanying fluid inclusions in magmatic quartz and the pri-
mary inclusions in quartz of hydrothermal veins are represented in the Tab. 2.
Distinct inheritance of the magmatic fluids salt composition by the hydro-
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thermal solutions together with the laser-microprobe data indicates that the
main source of the ore-bearing solutions is the fluid-saturated magma formed
owing to differentiation of the intrusive on the whole.

We believe that a low degree of crysytallization of such fluid-saturated mag-
ma creates favourable conditions for the extraction of metals by the coming
upwards fluid bubbles and collection of them in apical parts of the intrusion
with subsequent mooving off into fractures of wall rock.

Radical distinction of ordinary (barren) intrusions from ore-bearing ones
consists in the following: differentiation of them does not cause large masses
ol the fluid-saturated melt to be separated, although the saturation of residual
magma at the last stages of crystallization takes place. This conclusion is based
on the results of the study of inclusions in granites which form the main
intrusive phases and vein derivates.

Accompanying inclusions are revealed here very seldom and only in the
late-magmatic quartz, forming periphery parts of grains and filling inferstices
between earlier idiomorphic crystals. Such interrelations are peculiar even to
granites of final intrusive phases and their vein derivates (aplites). Hence the
fluid-saturated state of magma which forms ordinary granitic intrusions arises
only at late crystallization stage when the melt is almost exhausted and {fills
intergranular space of crystalline framework.

We believe in these cases the magmatic fluid separated from intergranular
melt to be also metal-bearing. But because of unfavourable conditions for
upward migration, a great bulk of this fluid is concealed within rocks and
later produces autometasomatic transformation of granites and a slight hydro-
thermal alteration of them at 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 determination in melt
mclusions using Naumov’s method (1979) with the precision characterized
by the relative standard deviation of 15.8 %. It is important to emphasize that
inclusions for this procedure were selected in the early-magmatic quartz 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 fluid-saturated melt. We assume that
isolation of a compact reservoir of such melt just gives to the magmatic fluids
a possibility to form concentrated flows in the above-intrusive zone.

It is establisher that magma with low water content also may be ore-bearing,.
il it is anomalously enriched with chlorine (about 0.25", in Mariktikan in-
trusion). But even in these cases saturation of the magma and separation of
fluid at the early stage of crystallization because of low chlorine solubility
1n granitic melt is a decisive factor.

Here we must remind of Ryabchikov's (1975) and Burnham's
(1979) data which argue that crystallization of any relatively large granitic
intrusion inevitably results in a transition 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 although each water-bearing intrusion produces metal-
-bearing fluids, the unusually favourable combination of structural, geological.
geochemical, and the other conditions is required in order to mobilize these
fluids and collect them into local structure. In other words, even ordinary in-
trusions are supposed to be potentially ore-bearing. but realization of this
potentialities depends on-magmatic factors.

Table 3

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

FY o e . » (1]
Intrusions, Initial water content, wt. %y
| intrusive _
| phases 1 2 3 4 5 6 7

Ore-bearing (W, Mo, Sn)

Hudzhir: I - ——— Al
ImII ———————————— = =+ -+
LY e oot FoF
Ve +
VI ——————— ——— — +-+
Spokoynaya: T iebotismims oy -+
I ——— e +—+
Mariktikan —=++
Soktey e — = + 4
Zharchiha === e —— 44
Akchatau j IS S R +
Im-----———————- t+
Il - e e e e e — +
Ordinary
Maitlas j T T -+
Il —————— -
Hurtugha 00 e —_— 4+
Subutuy i i i A
Ulegchin — i
Angyr —_——— e ——

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 structure has arisen. Therefore. we
believe the magmatic factors to be determinant.

The data presented allow to formulate the main thermobarogeochemical
leatures of ore-bearing intrusions:

1. High (=4",) water content in the melt inclusions which are found in
carly-magmatic quartz of granites of the first intrusive phase indicates the
possibility of fluid-saturated melt to be accumulated at the depth of this
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intrusion. This indication must stimulate looking for outerops of such magma
at the contemporary erosion level as stocks and dikes.

2. Availability of accompanying fluid inclusions in the early-magmatic quartz
of certain granitic intrusion indicates that it has been the source of magmatic
metal-bearing fluids. The size of this granitic body allows to judge how deeply
this intrusive system has been eroded. If the erosion has opened only dike- and
stock-like juts of underlying pluton, the probability of ore deposit discovery
(including blind ones) is the greatest. If at surface a big massif of ore-bearing
granites has outcropped, a considerable part of ore bodies is supposed to be
eroded.

Using these criteria we have estimated several areas for tungsten and mo-
lybdenum mineralization of greisen-vein type. One of six was considered to be
highly perspective because fragments of granite-porphyry were found here,
which contain the phenocrysts of quartz separated from the fluid-saturated
melt. No direct indications of ore mineralization at this prospect were known.
Nevertheless. by the following detail search a molybdenum deposit of stock-
work type was discovered here. Large-scale prospecting made by a geological
party on other prospects has confirmed our thermobarogeochemical data about
their unperspectivity as regards tungsten and molybdenum mineralization.

In conclusion, we should like to note that confirmation of the prognoses
based on the reported criteria not only indicates their applicability for solving
practical tasks, but also proves that the discussed factors and mechanisms do
cause the ore productivity of granitic intrusions, with regard to W and Mo
al least.
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