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INlROOUCTI ON 

Crustal abundance of tungsten lies between 1 and 2 ppm (Krauskopf. 1970), which is 
obviously lower than those of copper. lead. and zinc (e.g •• Turekian and Wedephol. 1961). Most 
of the analytical data on tungsten in granitic rocks show that the concentrations do not show 
any significant differences between those related to tungsten mineralization and those 
Unrelated (e.g .• Ivanova. 1963; Ivanova and Butsuzova, 1968; Shepherd et al., 1976). Newberry 
and Swanson (1986) stated that the bulk enrichment of tungsten does not appear to be 
prerequisite for the formation of scheelite skarn. 

Einaudi et al. (1981) summarized and characterized the physico-chemical conditions for the 
formation of tungsten-. copper-, and lead and zinc skarn deposits In the world. The differences 
point to the formation of tungsten skarn at deeper environment (1 to 3 kilobars) and higher 
temperature (600° to 400°C) than that of the base-metal skarn. As the pressure and temperature
of hydrothermal solution have a significant effect on mineral solubilities as well as the salt 
concentration. the difference can be considered as the cause for the enrichment of tungsten
compared with the base metals in the deposits. Are there any other explanations for the 
localization and relative enrichment of tungsten compared with the other ore metals? 

Exact evaluations of tUngsten concentrations in the ore-forming solutions have not yet been 
carried out. There exists a possibility that the hydrothermal solutions for tungsten deposits 
are enriched in tungsten compared with the other ore metals. Judging from the previous
analytical works on rock chemistry, the process for the enrichment of tungsten compared with the 
other ore metals In hydrothermal solutions should be conSidered If we stand on this point of 
view. "Volatil1 ty of tungsten" was discussed based on the facts that the boiling points of 
tungsten halides and tungsten oxyhalides are lower than those of base-metal chlorides (e.g., 
Lindgren. 1933). "Volatility of tungsten" is one of the possible causes for the enrichment of 
tungsten compared with base metals if we consider the concentrations in the vapor phase. As 
"volatility of tungsten" was discussed based on the behavior of tungsten in oxygen or halogen 
present anhydrous system at 1 bar, the validity should be examined in hydrous system at eleVated 
pressures. 

Shibue (1988a.b) showed some of the phYSico-chemical conditions for the formation of major 
tungsten deposits in Japan. Temperatures of the most Intense mineralization range from 550° to 
400°C. pressures are around 1 kilobar. and the salinities in the hydrothermal solutions are less 
than 10 NaCI eq. wtt. Considering the formation conditions of these deposits. experiments on 
the behavior of tungsten should be performed above and near the critical point (221 bar, 374°C) 
of H20 (Keenan et al .• 1969). It Is a convenient method that the weight of the product formed 
from the vaporized species Is measured for purpOSe of the examination of the volatility. This 
method does not give the exact partition coefficient of the considered species between vapor and 
liquid phases. However. volatilities of various species can be compared by this convenient 
method. choosing appropriate captures for the vaporized speCies. 

This paper aims to show the volatility of tungsten in hydrous system at elevated 
temperatures and pressures. and to present a tentative model for the enrichment of tungsten in 
hydrothermal solutions for the deposits related to granitic acltvltles. 

All chemicals used In the present study are analytical reagent grade. and were ground In an 
agate mortar. In order to produce vapor-saturated solutions at 550° and 350°C. 17 or 15 ml of 
20 wtt NaCI solutions are introduced into autoclaves whose internal volume is about 40 mI. 
Volume and concentration of NaCI solution are chosen based on the pressure-temperature-volume 
data for the system NaCI-H20 (Gehrig et al., 1983). Liquid and vapor phases fill the upper and 
lower parts within the autoclaves. respectively. 

Shibue (1988a) showed that tungstate species is important for the transport of tungsten in 
the hydrothermal solutions for major tungsten deposits in Japan. and Helgeson (1964) discussed 
the importance of chloride-complexing of base metals in hydrothermal solutions. Powder of 
H2W04. CuCI2·2H20. PbCl2, or ZnCl2 is added to the Initial solution. The amounts of H2W04 and 
the base-metal chlorides range from 0.1 to 0.3 g and from 0.1 to 0.9 g. respectively. At room 
temperatures. H2W04 and PbCl2 powders were not dissolved completely in the initial solutions. 
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Ca(OHI2 Is chosen as the capture for vaporized tungsten species. and H2W04 is chosen as the 
capture for the vaporized base-metal species. Tungstates will be produced from these captures 
because of the strong affinities of calcium ion for tungstate ion or the base-metal ions for 
tungstate ion (e.g., Urusov et al .• 1967). These captures show very low solubilities in aqueous 
solutions even at supercritlcal conditions (e.g .• lIIalther, 1986: Bryzgalln, 1976l. It is 
assumed that these captures, which may be solids in the experiments, react with almost all the 
amounts of the vaporized species of the considered elements. The amounts of Ca(OHI2 range from 
0.1 to 0.2 g, and those of H211104 range from 0.2 to 0.4 g. Moles of the captures exceed those of 
the H2W04 or the base-metal chlorides which were Initially added to the solutions. These 
conditions are intended to furnish excess amounts of the captures. A small gold dish, charged 
by the capture, is placed at the top of a gold rod Introduced Into the autoclave. The dish is 
placed without any contact with aqueous solution. 

Experimental setting adopted In the present 
study i~ shown in Fig. 1. Free space within the 
autoclave is 37.4 mI. The errors of the 

Fig. 1. ExperimentaZ apparatus used in 

the p~esent study, In order to 

experimental temperatures are within i5 C, and 
the duration time is 24 hours. Small 
concentrations of H211104 or the base-metal 
chlorides are considered to have little effect 

produce vapor-saturated soZution, 

1? or 15 mZ of 20 wt% NaCZ 

soZution is introduced into an 
on the phase relation in the system NaCI-H20. 
Run products are Identified by X-ray powder
diffractometry. . 

autoaZave. Vapor-captures are 

Ca(OH)2 for tungsten and H2W04 
for base metaZs, 

Powders on the dish for the experiments 63 
on tungsten are fused with Na2C03. The 
fused disk Is dissolved in distilled water, 
and then the solution is filtered with use 
of Toyo membrane whose pore size is less 
than 1 pm. The filtered solution is mixed 
with concentrated HN03+HCI solution, which 
produces H211104 as preCipitate. After the 
filtration by the membrane. the precipitate 
Is washed with distilled water and then 
dissolved with concentrated NaOH solution. 
Tungsten concentration in the solution is 
determined by the stannous-thlocynate method, 
(Charlot. 1964). Analytical results are 
expressed as the vaporized amounts of H2W04.~ 

Run product on the dish for the ~ 
experiments on lead are decomposed by 
concentrated HN03 solution. and those 
for copper and zinc are decomposed by
concentrated HN03+HCI solutions. 
Filtered solutions are analyZed by atomic 
absorption spectroscopy on lead, copper, 
or zinc. Analytical results are expressed 
as the vaporized amounts of the base-metal 
chlorides. 

~=--x--~ Thermocouple 

Analyses of the liquids are 
performed by the colorimetric method for 46 
tungsten, and by atomiC absorption 
spectroscopy for the base metals. 

RESULTS AND DISCUSSIONS 

Calcium tungstate and the base-metal tungstates are observed on the gold dishes after the 
heat treatments. Ratios of the vaporized amounts to the initial amounts are plotted In Fig. 2., 
Present results indicate that more than 1/3 of the Initial amounts of H2W04 is vaporized at 550° 
C, and more than 1110 of the initial amounts are vaporized at 350°C. On the contratry. less 
than 1110 of the Initial amounts of the base-metal chlorides are vaporized at the experimental 
temperatures. The higher temperature favors the ,vaporization of the studied elements. which Is 
conspicuous for tungsten.

Considering the same experimental conditions with regard to the temperature. volume and 
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concentration of NaCI solution. and the 
duration time. the vaporized amounts reflect Fig. 2. Frequency diagrams on the rotios of 
the concentrations of the metals In the vapor
phase. Present results. therefore, suggest
that the ratio of tungsten to the base metals 
Is higher in the vapor phase than those In the 
liquid phase and also In the Initial solution. 
It is also possible that the relative enrichment 

'Of tungsten compared with the base metals In 
the vapor phase occurs at higher temperatures 
and pressures if vapor and liquid phases 
coexist. 

Variation In the ratios of the vaporized 

amounts to the initial amounts are recognized

for the experiments on the studied elements, 

especially tungsten. It is possible that 

the ratios are influenced by the rates of the 

reactions between solids (captures) and 

vaporized species. The obvious differences 

In the ratios between those for tungsten and 

those for the base-metals under the same 

duration time, however. does not seem to be 

explained only by the unknown kinetic factors. 

It should also be emphasized that no opposite

results against the relative volatility of 

tungsten compared with the base metals were 

obtained In the present study.


Before applying the present results to 

hydrothermal processes during the 

sollfidlcatlon of the granitic magma. 

formation conditions of several tungsten

deposits In Japan will be considered. 

There have been no evidences for the 

formation of breccia pipes, and no 


,evidences for the large circulation of 
hydrothermal solutions around the deposits
from the viewpoint of the extent of the 
hydrothermal alterations (e.g., Shlbue. 
1984. 1986). Burnham (1979) discussed that 
the large mechanial energy produced by the 
change in volume from melt to rock+fluld 
causes the fracturing at 0.5 kllobar 
pressure. He showed that the mechani cal 
energy produced at I kllobar or the higher 
pressure is not so large. These lead to a 
hypothesis that the fluids evolved from 
the granitic magmas were stored within and 
around the granitic magmas and the 
suceedi ng rocks. 

In "magmatic fluid reservoir". the 
hydrothermal fluids decrease In temperature
owing to the decrease in temperature of the 
granitic magmas and the succedlng rocks. 
When fracturing occurs In the the 
surrounding rocks or within the granitic
rocks. the pressures of the hydrothermal 
fluids temporarily decrease. It Is. then. 
possible that the fluids show an 
Immiscibility Into vapor and liquid phases. 
According to Sourlrajan and Kennedy (1962), 
the coexistence of vapor and liquid 
phases occurs UP to 650°C when NaCI 
concentration Is 5.5 wt% (1 molal). 
Present experiments showed that the 
metal ratio of tungsten to the base metals 
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in the vapor pha~e Is higher than that In the Initial fluid. Vapor will ascent preferentially 
through the fractured zone owing to the buoyance force. Decrease In temperature of the vapor 
causes the precipitation of various minerals, Including quartz and tungstates. A compressional 
stress arised from the difference between the llthostatlc pressure and the hydrostatic one also 
narrows the channel ways of the hydrothermal solutions. These can separate the channel ways of 
vapor from those of liquid. The mineralized areas of tUngsten are separated from those of the 
base metals in these processes. Present tentative model. emphasizing the vapor-transport of 
tungsten. can explain the presence of tungsten deposits without large mlnerlization of base 
metals. Fig. 3 schematically shows the processes mentioned above. 

Finally present tentative model should be examined by future works. especially referring 
to the mechanical properties of rocks under high water vapor pressures. 
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