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Abstract 

Based mostly on a review of the existing literature and on the experience of the author, a new classification 
and diagrammatic representation of stratiform tungsten deposits is proposed. It includes three classes of 
deposits: 1) continental weathering deposits essentialy of exogenic origin; 2) Exhalative-volcanogenic 
deposits divided into proximal, distal and metamorphic-amphibolite types; 3) Concordant replacement 
deposits divided into calc-silicate band and hornfels band types. An epigenetic two stage model is proposed 
for the formation of stratiform tungsten mineralizations associated with calc-silicate bands; this model can be 
applied to the genesis of Central Sweden tungsten deposits. 

Introduction 

During the 1960's and 1970's the discovery of stra­
ta-bound, syn-sedimentary tungsten mineraliza­
tions in the lower Paleozoic series of the Austrian 
Eastern Alps by A. Maucher and his team, led both 
to the development of the Felbertal scheelite de­
posit, Austria (Holl, 1970; 1977), and the construc­
tion of a volcano-sedimentary mineralization mod­
el (Holl, 1985; 1986). Moreover, the study of active 
geothermal fields in New Zealand where tungsten 
minerals precipitate around hydrothermal springs 
(Holl, 1985; Henley et al. , 1986), has re-inforced 
the syngenetic strata-bound model. As a conse­
quence, these discoveries added a new dimension 
to the controversy over an epigenetic as opposed to 
a syngenetic origin for this type of stratiform miner­
alization. 

Illustrating the controversial debate, opposing 
genetic models have been proposed for some fa-

mous stratiform deposits such as Sangdong, Korea, 
which have been interpreted as a stratiform skarn 
formed by the replacement of calc-silicate layers 
(Kim, 1971; Farrar et al., 1978; Moon, 1984) 
whereas So (1968) considered this deposit was pro­
duced by the metamorphism of an originally miner­
alized basic volcanic series. The same controversy 
surrounds the King Island, Tasmania deposit: an 
epigenetic origin (Edwards et al., 1956; Kwak, 
1978; Kwak & Tan, 1981) was questioned by Bur­
chard (1977) who proposed a model involving the 
remobilization within the aureole of an intrusive 
granodiorite of early Paleozoic strata-bound schee­
lite mineralizations intrinsic to various beds of a 
volcano-sedimentary sequence related to basaltic 
volcanism. 

Tungsten mineralizations of Uganda and Ruan­
da have also been the subject of debate concerning 
the origin of scheelite and ferberite occurrences in 
black shales outcropping along hundred of kilome-
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ters. This stratigraphic control led De Magnee & 
Acerda (1960) to consider a syngenetic precipita­
tion of tungsten in these particular layers constitu­
ting the 'Ruanda-Uganda tungsten belt', followed 
by remobilization into vein-type structures. 

In Western Europe, numerous small occurrenc­
es of concordant mineralization were exemplified 
in the syngenetic- exhalative model of Plimer 
(1980) as for instance the tungsten mineralizations 
of Bindal (Skaarup, 1974) and brsdalen, Norway 
(Urban, 1971), as well as the Montagne Noire oc­
currences, France (Boyer & Routhier, 1974; Beziat 
and Tallon, 1976), the deposits of Ponferada and 
Monlle districts, Spain (Arnbas, 1979; Arnbas Ko­
sado, 1983) and the numerous scheelite occurrenc­
es of the Italian Alps, (Brigo & Omenetto, 1983). 
Recently, the reverse tendency has been noticed 
for some stratiform deposits in northeastern Portu­
gal , originally interpreted as granite remobiliza­
tions of tungsten already present in sediments, and 
now clearly related to hydrothermal infiltration 
episodes in connection with Hercynian granitiza­
tion (Derre et al. , 1982; Thadeu, 1986). This debate 
is also relevant to Central Sweden for the strati­
form tungsten deposits of the Yxsjoberg-Sandud­
den district, where an epigenetic origin is suggested 
by Ohlsson (1979; 1987) and Baker & Hellingwerf 
(in press) whereas Plimer (1980) considers these 
deposits to be strata-bound exhalative sedimen­
tary. 

The difficulty in interpreting stratiform tungsten 
deposits arises when metamorphic or tectonic over­
printing hides the original relationships between 
the tungsten minerals ( scheelite or wolframite) and 
the surrounding (meta-) sedimentary or volcanic 
series. The interpretation of ore fabrics becomes 
difficult, textures such as ore banding for instance 
being attributable to either syngenetic or epigenet­
ic processes. During orogenesis, intense deforma­
tion in ductile shear zones results in the tectonic 
conformity of the main sedimentological and struc­
tural markers with interlayered mineralized beds. 

Considering the abundant and controversial doc­
umentation about stratiform tungsten deposits il­
lustrated above, economic geologists might be ex­
pected to have considerable difficulty interpreting 
bedded or concordant mineralized structures 

found during field or logging sampling. This paper, 
based on detailed petrological studies of mineral­
ized calc-silicate bands by the author, together with 
field and mine visits, is an attempt to order and 
classify this group of tungsten mineralizations in 
the light of new scientific progress made on some 
major or illustrative deposits. 

Classification of Stratiform Tungsten deposits 

Two recent classifications of stratiform tungsten 
deposits have been published. Rundquist & Deni­
senko (1986) proposed a division of all tungsten 
deposits into three morphological groups, among 
them the 'Bedded deposits comprising stratiform 
types'. This group is itself divided into six classes 
corresponding to 'exogenic' deposits. The mainly 
syngenetic classification of Plimer (1987), is re­
stricted to tourmaline-bearing stratiform scheelite 
deposits which are divided into three types: Re­
gional calc-silicate scheelite deposits, Amphibo­
lite-hosted scheelite deposits and Tourmalinite­
hosted scheelite deposits. In this paper, a more 
detailed and cluster classification is proposed (see 
Table 1), according to the site of deposition and to 
the genetic processes responsible for the layered 
aspect of orebodies, i.e. epigenetic versus synge­
netic modes of metal concentration to form the 
mineralization. Stratiform tungsten-bearing min­
eralizations can usefully be divided into the follow­
ing three classes: 
1. Continental weathering deposits 
2. Exhalative-volcanogenic deposits 
3. Concordant replacement deposits 

Continental weathering deposits 

These deposits are characterized by an exogene 
origin of the metal (Table 1.) i.e. the partial dis­
persion followed by the re-deposition and re-con­
centration of tungsten from primary deposits. The 
relatively high susceptibility of tungsten minerals 
to surficial alteration processes (Doucet, 1966), 
leads to the decomposition of scheelite and wol­
framite under a wide range of physico-chemical 



conditions, particularly in the oxidation zone. 
Transport and dispersion of soluble molecular or 
colloidal compounds into appropriate trapping 
structures is favoured either by the alkaline or ni­
trogenous composition of solutions and thermal 
waters (Krainov, 1965). The main precipitation 
process is the sorption of tungsten by iron and 
manganese hydroxides under a wide range of pH 
conditions (Ivanova, 1986). Detrital transport may 
also occur, but only over short distances (in eluvi­
um or aluvium) due to the cleavage properties of 
the tungsten minerals, wolframite and scheelite. 
The main tungsten occurrences of this type are the 
following (Fig. 1): 

Alteration halos formed around primary depos­
its leading to residual tungsten retained in 
weathered crusts together with tungsten-bear­
ing iron and titaniferous oxides in nodules or in 
wall-rock schists. Part of the Ruanda-Uganda 
tungsten reserves are constituted by such low 
grade concentrations of scheelite and ferberite 
in black shales outcropping along hundred of 

Table J. The classification of stratiform tungsten deposits. 
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kilometers. This stratigraphic control formely 
led De Magnee & Acerda (1960) to consider a 
syngenetic precipitation of tungsten in these 
particular layers. In fact, as has been demon­
strated by field and geochemical investigations 
(Jeffery, 1954; Reedman et al., in Burno! et al., 
1978), the anomalous tungsten grades found in 
the Burundian sedimentary series are constitu­
ted by geochemical dispersion halos around pri­
mary hydrothermal vein-types deposits located 
near granitic plutons, followed by re-deposition 
by way of regional scale shear-zones. 

- Manganiferous oxides with high tungsten con­
tents, where tungsten is present either in schee­
lite or without a specific mineral phase, are asso­
ciated with calcedony, calcite, baryte, and iron 
oxides in vein-type deposits, in tension frac­
tures , in karst cavities, in limestone environ­
ments or in playa lakes linked to opal and traver­
tine sedimentation. Occurrences of this type are 
known in France (Haut-Poirot, Vosges; Auxil­
hac, Lozere, in Burno! et al., 1978), USSR (in 

STRATIFORM TUNGSTEN DEPOSITS 

Class of 
deposit 

Mode of 
deposition 

Metal 
source 

Type of 
deposit 

Associated 
metals 

Examples 

Continental 
weathering 

(epi) + 
syngenetic 
process 
Exogene 
origin 

Mn-Fe-Ti-
Oxides 
Sn placers 
Boron 

I 
Ruanda 
Unica, Bo!. 
Searles lake, 
Golconda, USA. 
Ht. Poirot , Fr. 

Exhalative­
volcanogenic 

syn + 
epigenetic 
process 
Endogene 
origin 

Concordant 
replacement 

epigenetic 
process 

Endogene 
origin ______-r----.-_ ___ ?--r---____ 

Proximal Distal Metamorphic-

1 I amrbolite 

Au-Ag-Hg 
Cu-Zn-Pb 
Mo-Be-Bi 
Silica 

I 
Taupo, N.Z. 
Felbertal, Aus. 
Tatras, Csz. 
Zimbabwe 

Pb-Zn-Cu 
Sb-Hg 
Fe 
Boron 

lk . Bro en Hiii, A. 
Malene, Dk. 
Catalan Cord. 
SW Sardinia 
Kleinarltal-

Tux, Aus. 
San Antonio, Sp. 

Sn Mo 
Boron 

San Luis , Arg. 
Orsladen, Nor. 
Blacklite, USA. 

Cale-silicate 
band 

I 
Mo-Cu 
Fluorine 

Yxsjoberg­
Sandudden, Sw. 
NE Brazil 
Djebel Aouam, Mor. 
Fumade, Fr. 
La Faviere, Fr. 
Cordoba, Arg. 

Hornfels 
band 

I 
Sn-Cu 
Fluorine 
Boron 

Cordillera­
Real, Bo!. 
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CONTINENTAL WEATHERING DEPOSITS 

-1- - -
.--- · -

Fig. I. Major stratiform tungsten occurrences in continental weathering environment. 

Denisenko, 1986), Bolivia (Unica), Mexico and 
Golconda-Nevada, USA (Hobs & Helliot, 
1973; Maucher, 1976; Pellissonnier, 1987). Hot 
springs precipitating Mn- and W-rich travertine 
generally have a pH of 6--7 .5 and a temperature 
up to 80°C (Krainov, 1965). 

- Detrital wolframite in continental placers. Ex­
amples of this type are found in the vicinity of 
primary high grade deposits of USSR, China, 
Zaire and Atolia-California, USA (see Laz­
nicka, 1985; Burno! et al., 1978). In these depos­
its, tungsten is mostly associated with tin. In 
France, one occurrence of tungsten and tin lo­
cated in the Vivarais metamorphic quartzites 
has been interpreted as a paleoplacer (Samama, 
1971). 

- High tungsten content in brines, interstitial be­
tween salt layers and boron accumulation in the 
late quaternary evaporites of Searles Lake, Cal­
ifornia, USA (Carpenter & Garret, 1959; 
Smith, 1979). In this deposit, the 80 000 tons of 
W03 at 70 ppm grade is derived from the leach­
ing of outcropping mineralized skarns of the 
Bishop district. A hot spring discharge origin 
into the evaporite sequence for a part of the 
tungsten content may also be valid. 

Exhalative-volcanogenic deposits 

In spite of a recent provocative discussion (Clark & 
Trudu, 1986), economic exhalative-volcanogenic 
tungsten deposits do exist , as exemplified by the 
Felbertal deposit, actually the third largest tung­
sten producer in the world (2.3 m tons at 0.75% 
W03 grade) , and by the existence of syngenetic 
tungsten occurrences associated with the active ge­
othermal system of New Zealand in the Taupo 
volcanic zone (Holl, 1985; Seward & Sheppard , 
1986). Cale-alkaline and tholeiitic volcanic series of 
continental margins and island arcs at the border of 
subduction zones or in expansion zones in a back­
arc basin (Fig. 2) represent the most favourable 
geotectonic environments for a volcanic associ­
ation with tungsten mineralizations. Indeed, the 
lithophile affinity of tungsten implies the existence 
of a crustal contribution in the magma source rocks 
to allow a further concentration of tungsten by 
magmatic fractionation and hydrothermal transfer. 
This is shown by higher average tungsten contents 
in volcanic rocks from continental margins 
(0.96ppm in andesites; Helsen et al., 1978) than in 
island-arcs (0.24 ppm in andesites, Helsen et al., 
1978). The highest magmatic tungsten contents are 
reported from differentiated silicic rocks such as 
peraluminous rhyolitic tufts from the western Cor­
dillera in the Central Andes (9.3ppm) reaching to 
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EXHALATIVE-VOLCANOGENIC DEPOSITS 

Prox imal J 

Fe-Si Shales Ex halites W-Mg-Ca 

Oceanic 
crust 

Volcanic arc 
or 

Continental margin 

Volcanoclastic Shelf, carbonates 
elastics 

Continental 
crust 

Fig. 2. Major stratiform tungsten occurrences in exhalative-volcanogenic environment. 

60-90 ppm in the Macusanite glasses (Pichavant et 
al., 1987) . Later concentration, transport , and re­
deposition of tungsten related to hydrothermal 
fluid circulation and metal precipitation occurs to 
form epithermal stockwork vein-type deposits. 
These constitute the feeder systems of sub-aerial to 
sub-marine exhalite discharges. 

In the classification proposed here (Table 1 and 
Fig. 2), exhalative-volcanogenic tungsten deposits 
will be separated into 'proximal' and 'distal depos­
its' (Plimer, 1978) according to their closeness to a 
volcanic center. Thus the proximal deposits are 
characterized mainly by explosive activity, acid 
volcanic development, subvolcanic plutonism and 
large wall-rock alteration developed through 
stockwork-type hydrothermal fluid circulation. By 
contrast, the distal deposits are formed in back-arc 
sedimentary basin environments in tension struc­
tures conducting hot fluid discharges onto the sea 
floor. Geochemical and petrographic characteris­
tics of exhalites are described from the polymetallic 
Broken Hill district, N.S.W., Australia (Barnes, 
1983) and correspond to the association of silica­
iron- and manganese-bearing formations, tourma­
line-bearing pelitic beds, calc-silicate formations, 
laminated Pb-Zn base-metal sulphides intercalated 
with felsic gneisses and amphibolites. These forma­
tions have an extensive stratigraphic continuity and 

are interpreted as submarine exhalative ores asso­
ciated with dacitic to rhyodacitic and tholeiitic vol­
canism. 

Proximal deposits. The prototype of this kind of 
tungsten deposit is represented by the tungsten 
occurrences associated with the active geothermal 
system of New Zealand in the Tau po volcanic zone 
characterized by rhyolitic volcanoes, hot springs, 
mud pools and siliceous sinters (Hcill, 1985; Seward 
& Sheppard, 1986). Analysis of silica sinter from 
Frying Pan Lake, Waimangu, for example (Table 
2) shows a high tungsten concentration in siliceous 
iron-rich precipitates together with As, Sb, B and 
Mo enrichments. Au, Ag and Hg rich precipitates 
are also observed. Epithermal stockwork deposits 
characterized by Pb-Zn-Cu-Au-Ag vein systems 
accompanied by hydrothermal alteration (Henne-

Table 2. Analysis of tungsten-bearing siliceous iron-rich precip-
itates from Frying Pan Lake, Waimangu (Data from Seward and 
Sheppard, 1986); analyses in ppm, otherwise indicated. 

w Mo As Sb Hg Mn Fe 

4.5% 500 8.80% 105 1.2 50 20.70% 
Si B Ag Au Cr Ti v 
15% 150 2 0.03 150 400 100 
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berger, 1986; Christie & Brathwaite, 1986) exist at 
depth and are the epigenetic feeder systems of the 
exhalative mineralizations. The presence of anom­
alous amounts of tungsten in the volcanogenic ber­
yllium ores of the Spar Mountain Caldeira, Utah, 
USA (Burt, 1986) represents another example of 
the possible link between tungsten mineralizations 
and proximal volcanogenic processes. 

The Felbertal deposit (Holl , 1970; 1986) consti­
tutes a lower Paleozoic example of the proximal 
exhalative-volcanogenic type. The scheelite miner­
alization is hosted in the metabasic rocks of the 
early paleozoic 'Habach Formation'. Synsedimen­
tary structures of inlerslralifieJ schedite layers in 
quartzite bands are clear evidence for a syngenetic 
process operating during the genesis of this depos­
it. Ultramafic, mafic and felsic metavolcanic rock 
sequences are intercalated within the schist se­
quence; the tholeiitic and calc-alkaline affinities of 
the volcanic units together with a paleogeographic 
reconstruction within the two main ore fields in­
dicate the Felbertal scheelite deposit formed in a 
narrow rift trough. The recent discovery in the 
western field ore body (Holl & Schenk, 1987) of a 
mineralized metaconglomerate composed of 
quartz, basaltic and felsic pebbles (Photo 1) streng­
then this paleogeographic reconstruction. Felber­
tal might thus be considered as an early paleozoic 
example of active tungsten mineralizing siliceous 
sinters similar to those in the New Zealand Taupo 
zone. Besides W, Au-Ag-Bi-Be-Mo with minor 
sulphides enrichments are also found in Felbertal 
together with tourmalinite intercalations. Some 
tungsten ores show stretching (Photo 1), foliation 
planes and recrystallization fabrics resulting from 
tectonic transposition during the Alpidian regional 
metamorphism. The presence of a mineralized 
quartz-vein stockwork with biotitic selvages both in 
Eastern and Western fields (Holl, 1986) does not 
contradict the presented model because epigenetic 
structures - i.e. feeder systems - are to be expected 
in the footwall of syngenetic submarine exhalite 
horizons (Fig. 2). 

A recently discovered tungsten mineralization 
occurs in the Alpine Low Tatras Mountains, Cze­
choslovakia (Stemprok, 1986). It is consituted by 
scheelite-gold ore occurring in locally strongly silic-

ified migmatites, amphibolites, quartzites and 
quartz veins. The deposit is interpreted as polyge­
netic: a primary exhalative-volcanogenic mineral­
ization of Lower Devonian age was strongly remo­
bilized during Hercynian migmatization events and 
only weakly affected during the Alpine orogeny. 
These mineralizations might well constitute an 
eastern equivalent of the Felbertal deposit in the 
Alpine chain, reinforcing the Holl model. The as­
sociation of quartzitic and basic volcano-sedimen­
tary series, the presence of gold and minor sul­
phides in the Felbertal ore, and the later tectonic 
remobilization in shear zones, led Pelissonnier 
(1987) to link this kind of deposit to the 'ltabiritic 
type' gold deposits (e.g. Homestake Mine, USA; 
Bache, 1982). Several gold deposits of this type 
show tungsten anomalies, including the Morro 
Vehlo deposit, Brazil (Gair, 1962) and the Kolar 
district, India (Narayanaswami et al., 1960) where 
tungsten is extracted as a by-product from the gold 
ore. 

In Zimbabwe, strata-bound tungsten deposits 
together with banded magnetite-ironstone and Au­
Sb-As mineralizations were found in two Archean 
formations (Cunningham et al., 1973). The series 
are characterized by huge accumulations (2000 to 
15 000 m) of submarine metavolcanics with minor 
intercalations of argillaceous, arenaceous and cal­
careous sediments. Scheelite mineralization in 
skarn-type deposits may also occur. More to the 
South, the Murchison Greenstone belt of Trans­
vaal, South Africa (Maiden, 1981) is also character­
ized by low grade meta-volcanic and meta-sedi­
ment accumulations. Scheelite occurs in stratiform 
deposits associated with Au-Sb mineralizations. In 
the same region, epigenetic vein-type and shear 
zones scheelite mineralizations also exist, suggest­
ing the remobilization of an early syngenetic exha­
lative-volcanogenic tungsten mineralization by tec­
tono-metamorphic processes. 

Distal deposits. They are characterized by minor 
amounts of volcanic and volcanoclastic rocks in a 
back-arc basin environment containing a charac­
teristic association of calc-alkaline and tholeiitic 
tufts, black shales and w~Pb-Zn-Cu bedded miner­
alizations interlayered with chemically precipitated 



exhalites such as chert, limestone, dolomite, barite 
and tourmalinite (Fig. 2). Indeed, boron has fre­
quently been considered as a paleogeographic in­
dicator, particularly in the massive sulphide depos­
its (Slack, 1982). Due to the volatility of this ele­
ment and to the mobility of boric acid in water 
(Harder 1974), volcanic and geothermal systems, 
oceans and marine sediments can accumulate bo­
ron. This accumulation process is aided by the high 
substitution capacity of boron for aluminium in 
clay minerals (Stubican & Roy, 1962). The most 
representative example of a distal exhalative-vol­
canogenic type of tungsten deposit is the Early­
Middle Proterozoic Broken Hill stratiform or stra­
tabound scheelite and wolframite mineralization. 
These layers occur at the same stratigraphic level as 
the lead-zinc stratabound massive sulphides (Laing 
et al., 1978; Barnes, 1983; Plimer, 1988). Tungsten 
in the Broken Hill district occurs in various lith­
ological sequences, mainly as disseminations, lay­
ers or irregular aggregates in bedded calc-silicate 
rocks, sometimes associated with amphibolite-rich 
intervals. Tungsten and base metals which originat­
ed from metal-rich exhalations related to a paired 
tholeiitic-dacitic volcanism event, were probably 
added to chemical sediments deposited in a quiet 
environment (Barnes, 1983). A second type of 
tungsten mineralization (Yanco Glen area) com­
prises strata-bound W-bearing pegmatites devel­
oped during the remobilization of felsic gneisses or 
bedded quartz-tourmaline rocks. Stratabound­
scheelite mineralization associated with tourma­
line-bearing banded amphibolites is also reported 
in the Archean Malene belt, West Greenland (Ap­
pel, 1986). In this deposit, banded amphibolites 
contain preserved pillow structures. The scheelite 
mineralized layer shows intergrowths with tourma­
line in the amphibolites. Banded iron-formation 
and massive sulphides have been found associated 
with the scheelite mineralization. Tungsten in the 
amphibolites correlates with zinc, lead and gallium 
and to a lesser extent with molybdenum. Copper 
and tin anomalies also occur. The Malene deposit is 
considered to be an example of a stratabound tung­
sten mineralization of submarine exhalative origin 
associated with base-metal deposits. A distal envi­
ronment may also be inferred for this kind of de­
posit. 
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The recent studies on stratiform tungsten anom­
alies in the Cambra-Ordovician shelf of Catalan 
Cordillera, Spain (Melgarejo & Ayora 1986; Ayora 
et al., 1986) and South-West Sardinia, Italy (Gime­
no Torrente, 1986), also show good evidence of 
disseminated scheelite associated with massive Fe­
Pb-Zn-Cu-As sulphide lenses. In some Spanish oc­
currences the mineralizations are also associated 
with chert layers and phosphate nodules; other 
occurrences are hosted by dolomite or ilmenite­
bearing schists. 

The scheelite mineralization of Kleinarltal, Aus­
tria (Holl et al., 1972) is hosted by early-paleozoic 
carbonates (mostly dolomites). It shows clear syn­
sedimentary-diagenetic fabrics such as impregna­
tions in thin quartzite and black shales while remo­
bilization developes veinlets or stockworks. Klei­
narltal is considered to be an exhalative-sedimen­
tary distal type formed in a shelf environment (Fig. 
2). The scheelite-magnesite deposit of Tux (Holl, 
1977) which lies in the same Early Paleozoic series 
of the eastern Alps as Kleinarltal , is characterized 
by a more evaporitic paleogeographic environ­
ment. The scheelite mineralization appears to be 
bound to black schist layers with intercalations of 
basic metavolcanic rocks in the footwall. A primary 
sedimentary structure is still recognizable in in­
terlayered quartz and carbonate beds containing 
scheelite and graphite. 

A Sb-W-Hg mineral association has been report­
ed as characterizing stratabound syngenetic miner­
alizations belonging to the South European-Cir­
cum Mediterranean region (Maucher, 1976). De­
tailed studies on the San Antonio-Badajoz deposit, 
Spain (Arribas & Gumiel, 1984) demonstrate first­
ly that the Sb-W (As-Hg) mineralization is associ­
ated with an intraformational breccia developed in 
a Devonian carbonate platform and secondly that 
the mineralization formed during the late hydro­
thermal activity associated with a hidden fissural 
volcanism in the Middle Devonian. The exhalative 
activity on the sea-floor and the concentration of 
the mineralization within the highly porous intra­
formational breccia account for the present fea­
tures of the ore body. These characteristics clearly 
demonstrate that the San Antonio-Badajoz deposit 
is a distal exhalative-volcanogenic mineralization. 
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Other Sb-W-Hg occurrences are known from 
South-East Sardinia and Turkey (Maucher, 1976) 
or from the Hercynian crystalline basement of NE­
Sicily (Omenetto et al., 1986; Guion et al., 1986) . 
Preliminary work indicates an exhalative-volcano­
genic origin for these deposits. However, high tec­
tonic and supergene remobilization, particularly in 
the Sicilian ore bodies which are characterized by 
evidence of overthrusting, vein-type and karstic 
secondary fillings, preclude a conclusive interpre­
tation as yet. 

Metamorphic-amphibolite deposits. They are usu­
ally fuuml in ol<l Paleozoic or Precambrian base­
ments. They comprise scheelite impregnations 
spread over long distances, and are linked to am­
phibolite beds of volcanic origin. Neither a distal or 
proximal character can be inferred from this kind 
of deposit because of the intense folding, stretching 
and metamorphism which occurred during various 
orogenic cycles. Some of these deposits probably 
correspond to the stratiform 'amphibole skarnoid' 
type of Rundquist & Denisenko (1986) . It should 
be noticed, however, that a epigenetic replacement 
process by mineralized hydrothermal fluids is also 
possible in such metamorphic environments. A 
connexion between the amphibolite-metamorphic 
type and the concordant replacement class has 
been established (Table 1). 

Examples of this type are numerous in the world, 
for instance the tungsten mineralizations of the 
Sierra de San Luis, Argentina. The Precambrian 
scheelite-bearing tourmaline-schists of the San Luis 
province occur in kilometers long mineralized belts 
(De Brodtkorb et al., 1985) and comprise tour­
maline-bearing scheelite-biotite-muscovite-quartz 
schists containing conspicuous quantities of organic 
carbon. Felsic meta-volcanic rock intercalations of 
5 to 10 cm thickness are conformably interlayered 
in the metasedimentary sequence together with 
tuffs and amphibolites of calc-alkaline affinity 
(Hack, 1986). i:l13C values obtained from graph­
itized carbon of the quartz-tourmaline schists ( - 19 
to -24%0) indicate a sedimentary organic origin. 
Two tectono-metamorphic cycles (Upper Protero­
zoic/Cambrian and Ordovician/Silurian), remobi­
lizing the tungsten mineralizations, are recorded 

(Delakowitz, 1986; Hack, 1986). A syngenetic vol­
canogenic origin for the tungsten mineralization is 
commonly accepted (De Brodtkorb & De Brodt­
korb, 1986). 

In the Precambrian Scandinavian shield, the 
tungsten deposit of Orsladen, Norway (Urban, 
1971) is charcterized by wolframite and scheelite 
mineralizations with some Sn and Mo, related to a 
graphite-bearing amphibolite band intercalated in 
a migmatitic and folded gneiss series . However, the 
lack of any detailed study on this deposit prevents 
an assessment of an exhalative-volcanogenic mod­
el. The same problem applies to the interpretation 
u[ Ll1e slialauuu11J sd1eelile 111i11e1alizaliuus Jis­
covered in the Proterozoic amphibolites and calc­
silicate gneisses of the Blacklite prospect (Fulp & 
Renshaw, 1985). The tungsten-bearing horizon is 
located at an abrupt felsic-mafic volcanic contact 
also characterized by anomalous contents of Pb­
Zn-Cu-Ag, tuffs and siliceous country rocks. How­
ever the presence of hydrothermal alteration as­
semblages and tungsten-anomalous post-tectonic 
granites in the vicinity of the tungsten horizon is 
also consistent with an epigenetic origin for the 
mineralization. 

Concordant replacement deposits 

This third class of stratiform tungsten deposits cor­
responds to the infiltration and partial replacement 
of (meta)sedimentary series by mineralized hydro­
thermal fluids directly or indirectly connected with 
a granitic intrusion , i.e . a pure epigenetic model. 
The initial composition of the (meta) sedimentary 
infiltrated layers allows us to distinguish two sub­
types in this group (Table 1): 'calc-silicate bands' 
where calcareous components form a part of the 
initial sediments and 'hornfels bands' developed in 
pelitic and arenaceous sediments. The repetition of 
interlayered Ca-bearing lenses in pelitic sedimen­
tary series (for instance the paleozoic formations) 
together with the epigenetic process leading to the 
formation of mineralized calc-silicate bands, can 
explain the numerous non-economic scheelite oc­
currences found by regional survey programs. Lat­
er tectono-metamorphic rearrangement (folding, 
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CONCORDANT REPLACEMENT DEPOSITS 

Limestone------­

Volcanoclastic--------::; 

Shale ------------~. 

Cale-silicate 
bands 

Cale-silicate 
bands 

--------- Hydrothermal 
metamorphic 

halo 

A. CHEILLETZ - 1988 

Fig. 3. Major epigenetic stratiform tungsten occurrences developed in the continental crust: (a) Cale-silicate bands developed in impure 
limestone-shale interlayered series (e.g. Djebel Aouam deposit); (b) Cale-silicate bands developed in volcanoclastic- limestone 
interlayered series (e.g. Yxsjoberg-Sandudden deposits); (c) Hornfels bands developed in pelites and sandstone sediments (e.g. 
Tungsten-bearing 'Mantos' of the Cordillera Real, Bolivia); (d) Calc-silsicate bands developed in polyphase folded series; (e) & (f) 
Cale-silicate bands developed in transposed planar structures of basement complexes sometimes associated with migmatites series (e.g. 
Cordoba province, Argentina or La Faviere, France deposits). 

stretching, metamorphism, foliation development, 
boudinage, transposed layering etc.) of these calc­
silicate layers or lenses has made their genetic in­
terpretation so debatable. Fig. 3 is a diagramatic 
representation of the geological setting of various 
ore bodies associated with calc-silicate or hornfels 
bands in the continental crust. 

Cale-silicate bands. One direct way to resolve the 
question of calc-silicate band genesis is to recognize 

them in the general framework of skarns. Indeed, 
skarns frequently show a stratiform morphology 
(e.g. Einaudi et al., 1981) due to the specific re­
placement of calcareous layers by percolating 
fluids, for example at the contact of magmatic bod­
ies as in the Pine Creek deposit (Newberry, 1982). 

For the most part, metallogenists consider that 
skarn formation inherently is an evolving process 
(see Korzhinski, 1968 and Meinert, 1983, for a 
general review). In favorable cases, two stages can 
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be recognized: initial isochemical metamorphism 
= Stage I, followed by multiple episodes of meta­
somatism = Stage II. Therefore, two groups of 
skarns can be distinguished (Phan, 1969; Bartholo­
me, 1970; Zharikov, 1970; Einaudi et al., 1981): 
1) skarns resulting from metamorphic recrystalli­

sation of impure carbonate rocks or from the 
reaction between rocks of contrasted lithologies 
such as schists and interbedded calcareous lay­
ers; the resulting rocks are referred to as 'calc­
silicate hornfels' or 'skarnoid' or 'calc-silicate 
bands' (Zharikov, 1970; Vidale, 1969; Thomp­
son, 1975; Kerrick, 1977). The main process 
involved in this isochemical metamorphism is 
diffusion of elements in a stationary fluid. 

2) skarns resulting from the replacement of car­
bonaceous rocks by hydrothermal fluids of di­
verse origins. These skarns are referred to as 
'infiltrational metasomatic skarn' (Korzhinski, 
1968; Fonteilles, 1978); Transportation and dep­
osition of metals occurs during multiple hydro­
thermal fluid circulation, ending with the devel­
opment of retrograde alteration parageneses as 
temperature declines. 

It is important to note that if this evolutionary two 
stage process operates during the emplacement of 
granitic bodies, the initial intrusive activity induc­
es, at shallow levels of emplacement, the meta­
morphism of the surrounding calcareous layers in 
an upward growing thermal anomaly. Therefore, 
metamorphic calc-silicate bands or stratiform 
skarns may outcrop without a visible neighbouring 
granitic intrusive. A second important point is to 
consider that in most cases, felsic magmatic activity 
is characterized by the emplacement of composite 
plutons, one of them presenting more affinities 
with tungsten mineralization than others (Burn­
ham & Ohmoto, 1980; Ivanova & Naumov, 1986; 
Giuliani et al., in prep). Therefore, the second 
metasomatic hydrothermal stage overprinting ear­
lier metamorphic minerals and giving rise to miner­
alized skarns, may be connected with only one 
member of a composite or multiple intrusion. This 
member does not necessarily outcrop at the same 
level as the observed skarns. Such a two stage 
process is now generally accepted for the genesis of 
stratiform tungsten skarns such as Mac Tung, Can-

ada (Dick & Hodgson, 1982) and King Island (Ed­
wards et al., 1956; Kwak & Tan, 1981). New de­
scriptions and fluid inclusion studies in Sangdong 
(Moon, 1984) also support this interpretation. 

Recent studies on two Hercynian scheelite-bear­
ing calc-silicate bands in the Djebel Aouam dis­
trict, Morocco (Cheilletz, 1983; Cheilletz & Giulia­
ni, in press) and the Fumade deposit southern Mas­
sif Central, France (Safa et al., 1987) illustrate the 
situations of Fig. 3a. In the Djebel Aouam district, 
the mineralized calc-silicate bands are developed 
inside a large (2 km x 3 km) hydrothermal meta­
morphic halo (Cheilletz & Isnard, 1985) character­
izeJ by lhe formation of sewnJa1y biotitc along a 
stockwork-like, veinlet system in hornfelses (Photo 
G) . The genesis of stratiform tungsten-bearing 
calc-silicate bands is controlled by an evolutionary 
two stage process: stage I calc-silicate bedded lay­
ers (Photo B) are developed in discontinuous levels 
of argillaceous limestones and dolomitic marls in­
terlayered with black pelites of Silurian and Lower 
Devonian age. Four diffusion controlled, meta­
somatic zones are defined by reactions between the 
different members of the series to give: 1) horn­
felses with quartz-biotite-andalusite-cordierite­
muscovite-Kfeldspar-plagioclase-ilmenite; 2) a 
biotite zone with quartz-plagioclase-actinolite-il­
menite-sphene; 3) an anorthite zone with ilmenite 
and sphene, and 4) an amphibole-clinopyroxene 
zone. Stage II development progresses by fluid 
flow percolation (Photos B, C & D) along the 
specific amphibole-clinopyroxene zone producing 
stratiform layers composed of granoblastic assem­
blages of biotite-quartz-actinolite-scheelite-plagio­
clase-K feldspar and minor pyrrhotite-chalcopy­
rite-sphene-ilmenite-sphalerite (Photos E & F) . 
That fluid percolation process along the particular 
amphibole-clinopyroxene layer produces a typical 
banding of the tungsten ore (Photos 4 & 5) which 
may be easily confused with a primary syngenetic 
character. Moreover, numerous microtonalite 
dykes, belonging to the calc-alkaline magmatic se­
ries which characterizes the late-Hercynian pluton­
ic activity in this area (Cheilletz & Zimmermann, 
1982), are usually spatially associated with mineral­
ized lenses, though they clearly crosscut the strati­
form calc-silicate bands. This suggests a structural 



control for the upwelling of hydrothermal fluids 
along the same channelways as the tonalitic magma 
intrusions. Geochemical contrasts between fresh 
(sample AM 39; Table 3) and altered rocks (sample 
AM 329-1; Table 3) allowed the mapping of the 
hydrothermal alteration halo (Cheilletz & Isnard, 
1985) marked by enrichments in W, F, K20 , Na20 , 
Cu, Rb, and Ba. Cheilletz & Giuliani (in press) 
also report fluorine enrichment during the infil­
tration process leading to the information of miner­
alized calc-silicate bands (samples 753-5-6 and 501; 
Table 3). 

The same model also applies to Fumade al­
though some differences are noted concerning the 
composition of the original lithologies: these are 
constituted by massive Cambrian dolomites in con­
tact with marly-limestones. Stage I zones are char­
acterized by: 1) amphibole-epidote; 2) clinopyrox-
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ene-epidote; 3) garnet-idocrase. Stage II is devel­
oped in marble levels interlayered with zones of the 
stage I and are constituted by the garnet-idocrase­
scheelite assemblage. In the Djebel Aouam and 
Fumade deposits, minerals compositions are clear­
ly representative of each stage, i.e. Mg-biotite for 
the stage II in the Djebel Aouam and Fe-Mn garnet 
for the stage II in Fumade (Fonteilles & Garcia, 
1985). 

The Almendra skarnoid deposit , Portugal is 
characterized by scheelite mineralization in impure 
quartzites and amphibolites at the exo-contact au­
reole of a large two-mica granite intrusion. The 
epigenetic model (Thadeu, 1986) suggests the 
metasomatic introduction of scheelite-quartz-to­
paz into what were originally calc-magnesian lime­
stone and impure quartzite beds transformed into 
amphibole-quartzite by regional Hercynian, and 

Table 3. Selected chemical analyses of calc-silicate bands from the Djebel Aouam, Fumade and Yxsjoberg-Sandudden deposits . 1, 2 
from Cheilletz & Giuliani, in press; 3 from Safa et al., 1987 (average W grade of the deposit). 4 from Ohlsson, 1979; 5 from Ohlsson, 1987 
(F content as CaF2). 6 from Baker & Hellingwerf, in press; 7 & 8 from Cheilletz & Isnard, 1985. 

1-Dj . Aouam 2-Dj. Aouam 3- Fumade 
753-5-6 501 33-42 

Si0 2% 49.75 39.7 39.9 
Al20 3 21.19 12.62 16.14 
Fe20 i 3.5 tot 15.41 tot 6.09 tot 
FeO 
MnO 0.05 0.13 3.19 
MgO 3.11 17.55 1.8 
Cao 6.42 1.66 25.42 
Na20 4.6 0.03 0.31 
KzO 2.86 8.11 0.45 
Ti0 2 0.89 0.59 0.45 
P20s 0.1 1.17 
w 3.17% 1240 ppm 1.10% 
F% 0.28 2.02 
S% 
L.0 .1. 2.2 2.9 4.87 
Total 98.12 100.84 100.89 

Ba ppm 90 333 56 
Co 51 115 47 
Cr 103 81 42 
Cu 5 150 
Ni 387 263 47 
Sr 226 49 186 
v 221 305 83 
Rb 263 600 19 

4- Yxsjoberg 5- Sandudden 6- Yxsjoberg 7- Dj. Aouam 8- Dj. Aouam 
3 2 YX2 AM 39 AM 329-1 

42.9 
8.21 
3.1 
9.6 
1.24 
1.07 

19.6 
2.19 
0.51 
0.05 
0.01 
0.36% 
5.3 
4.5 
0.4 

99.67 

45 
6.3 
3.7 

10.7 
1.9 
1.3 

17.2 
0.16 
0.19 
0.1 
0.04 
0.18% 
9.7 
0.02 

96.49 

17.3 

25.19 
1.4 

6.48% 
4.23 

46.73 

0.13% 1.10% 
104 

11 .5 

61.17 60.96 
17.74 21.32 
8.33 tot 4.88 tot 

0.09 0.08 
1.72 1.57 
0.17 0.58 

0.79 2.31 
3.23 5.19 
1.01 1.26 
0.25 0.08 

l ppm 7.4 ppm 

5.3 1.87 
99.8 100.1 

708 1280 
51 54 
96 112 
24 36 
49 52 
58 145 

163 178 
134 251 
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granite contact metamorphism. After a syngenetic 
wave of interpretations, the same model has also 
been proposed for the NE Transmontains occur­
rences (Derre et al., 1982) and the Valdarcas de­
posits (Thadeu, 1986). 

The Virgen de la Encinna deposit Leon, located 
in the middle Cambrian-lower Ordovician of the 
Spanish Hercynian basement, has been carefully 
studied by Leduc & Glac;on (1975) and Arribas­
Rosado (1983). Strata-bound scheelite and tour­
maline-bearing calc-silicate beds have been affect­
ed by regional and local metamorphic overprinting 
in the greenschist facies, together with parallel and 
isoclinul folding. The tungsten mineralization is 
associated with anomalous contents of Cu, Zn and 
Sn. Despite the lack of volcanic or volcanoclastic 
rocks in the lithostratigraphic column, an exhala­
tive-volcanogenic origin is suggested for both tung­
sten and boron , as in the distal model (Arribas­
Rosado , 1983; 1986). However, while clear defor­
mation and reorientation in P2 microfolds is dem­
onstrated for the tourmaline needles, this is not 
observed for the scheelite crystals and associated 
sulphides (mainly pyrrothite and chalcopyrite). 
This suggests separate origins for boron and tung­
sten, the latter being epigenetically introduced dur­
ing the first stage of hydrothermal events associ­
ated with granite emplacement, as in the general 
calc-silicate band model (Fig. 3d). Figure 3e & f can 

305 

be illustrated by the numerous scheelite-bearing 
calc-silicate rocks found in many consolidated 
shields area, usually of Precambrian age, i.e. the 
stratiform tungsten occurrences of the Cordoba 
province, Argentina (De Brodtkorb & De Brodt­
korb, 1986). In the Agua de Ramon and Pampa de 
Olden districts for instance, the disseminated tung­
sten mineralization is controlled by calc-silicate 
bands alternating with gneisses and amphibolites 
affected by at least two tectonic events (Upper 
Proterozoic-Cambrian and Ordovician-Silurian). 
In most deposits, later vein-type remobilization 
may also occur through hydrothermal processes. 
With 45 ,000 t. of identified tungsten resources, the 
North-East Province of Brazil constitutes the main 
producer of this country. The most important de­
posits (Brejui , Barra Verde, Boca de Lage) are 
strata-bound scheelite-bearing skarns (Barbosa et 
al., 1986). The interbedding of scheelite-bearing, 
calc-silicate rocks with marbles and amphibolites 
led to the development of a syngenetic volcano­
sedimentary model (Salim et al. , 1980; Beurlen & 
Busch, 1982; Beurlen, 1984). An exhaustive genet­
ic model for the tungsten deposits of this region is 
not yet available, but present knowledge of the 
geological controls on the mineralization does not 
invalidate the original epigenetic model of John­
ston & Vasconcelos (1945). 

Other small calc-silicate band deposits are 

Photo A. Exhalative-Volcanogenic deposits: The Felbertal example. Metaconglomerate from western field showing stretching of 
quartzitic (1), felsic (2) and amphibolite meta-basaltic (3) pebbles resulting from alpine tectonic overprint. The metabasaltic pebbles are 
free of scheelite mineralization. The original quartzitic layers and the metaconglomerate represent the elements of an exhalative­
volcanogenic assemblage characterized by siliceous masses and bimodal magmatic assemblage. Sample provided by Dr. R. Holl. 

Photos B- G. Cale-silicate bands deposits: the Djebel Aouam example: 
Photo B. Black layers: stratiform scheelite mineralization (W) = Stage II, developed in skarn-type bedded calc-silicate zones (Csz) = 

Stage I. 
Photo C. Sample showing the concordant replacement of the Stage I calc-silicate zones by an assemblage of biotite-scheelite (W) issued 
from epigenetic fluid flow along a cross-cutting quartz veinlet. 
Photo D. Stockwork (W-Stk) and stratiform (W-Str) tungsten mineralization development across bedded Stage I calc-silicate zones 
(Csz). 
Photo E. Microphotograph of scheelite (Sc) ore fabric from stratiform calc-silicate band of the Djebel Aouam deposit showing the 
typical equigranular granoblastic texture with scheeli te (Sc), actinolite(Ac), quartz(Qtz) and biotite(Bi), sample 753-7-6. 
Photo F. Example of mineralized stratiform band developped in Mg-Al-rich layer (sample 501) giving rise to the pholopite(Ph)-scheelite 
(Sc) assemblage; note the poikiloblastic development of scheelite crystals. 
Photo G. Vein-type mineralization in the hydrothermal metamorphic halo (Cheilletz & Isnard, 1985) surrounding the mineralized 
calc-silicate bands and showing the biotite(Bi)-scheelite(Sc) selvages in quartz veins crosscutting quartz-wakes wall-rock (sample AM 
329-1). 



306 

known from various basement complexes, and are 
related to the concordant replacement type of min­
eralization. These are: 1) the occurrences of schee­
lite in the Precambrian gneiss of Colorado, USA 
(Tweto, 1960), or in various areas of the USSR 
where they are attributed to the 'amphibole-skar­
noid type' of deposits (Rundquist & Denisenko, 
1986); 2) the scheelite-bearing calc-silicate rocks of 
the Bohemian massif in Austria (Beran et al., 
1985); 3) the deposit of La Faviere, France, hosted 
by calc-silicate gneisses occurring within migma­
tites (Sonnet et al., 1985). The La Faviere deposit 
contains some 1500t. of ore with 1.7-1.8% W03 

(Burno! & Dellile, 1986). Finally, many uneco­
nomic mineralizations occur in the metamorphic 
series of Cevennes, France (Weisbrod et al., 1980). 

Hornfels bands. Cale-silicate bands, although very 
frequent in plutonic environments or basement 
complexes, are not the only evidence for concord­
ant replacement tungsten deposits. The stratiform 
tungsten deposits localized in the contact aureoles 
of the Cordillera Real batholiths, Bolivia, provide 
convincing evidence for metasomatic transfer of 
material from the igneous bodies to the metamor­
phosed flysh-type Paleozoic country rocks (Avila 
Salinas, 1986). This occurs, in the Balsa Negra, 
Kelluani, Lourdes and Cerro Negro mines for in­
stance, where the tungsten-bearing deposits exhib­
it the famous 'manta-shapes' structure grading into 
a strata-bound type and in which the mineralization 
follows the original bedding planes of the meta­
sediments . In the Balsa Negra deposit, the cordie­
rite and andalusite hornfelses constituting the inner 
part of the thermal aureole of the granitic pluton, 
were transformed into porphyroblastic tourmaline 
and scheelite-bearing hornfelses accompanied by 
ferberite, quartz, minor sulphides and fluorite. 

Possible implications for the Yxsjoberg and 
Sandudden deposits of Bergslagen, Sweden 

According to Hubner (1971), the Central Sweden 
tungsten mineralizations are, with a few excep­
tions, directly or indirectly connected to granitic 
and pegmatitic intrusions. The two main tungsten 

producers of this area, the stratiform deposits of 
Yxsjorberg and Sandudden, have also been the 
object of a genetic controversy . Ohlsson (1979; 
1987) and Baker & Hellingwerf (1988) argued for 
an epigenetic contact metasomatic origin, whereas 
Plimer (1980) considered these deposits to be of 
strata-bound exhalative sedimentary type. A re­
view of the available descriptions favours the epi­
genetic model for these two deposits. 
1. The scheelite mineralization is located in skarn 

layers developed from and in limestones inter­
calated with leptites ( = felsic volcanoclastic 
rocks). The 'skarn-banded grey leptite' occurs 
as intercalations within the mineralized skarns 
layers or bordering them at the contact with 
leptites (Ohlsson, 1987, Fig. 6) . This geomet­
rical disposition suggests that the skarn banded 
grey leptite may correspond to calc-silicate 
bands resulting from metamorphic reactions be­
tween felsic metavolcanics and limestone layers. 
These reactions are accompanied by cation ex­
change and the development of metasomatic 
banding, and might correspond to the stage I 
skarn. Unfortunately, no detailed mineralogical 
descriptions of these formations have been pub­
lished. 

2. Remnants of limestone do not show anomalous 
tungsten contents and in the central skarn-lime­
stone layer of Sandudden, barren skarns are 
reported; this suggests that tungsten mineral­
ization was introduced after the deposition of 
limestone and the formation of banded stage I 
skarn, i.e. during the Stage II skarn, and by 
replacement of particular beds of the banded 
stage I skarn . The resulting calc-silicate bands 
reflect the bulk chemistry of limestone-leptite 
reaction layers enriched in Ca and Fe (Table 3) . 
As reported by Ohlsson, all the tungsten occur­
rences in the Yxsjoberg- Sandudden area are 
small and of low grade, involving relatively low 
available Ca in calc-silicate layers to precipitate 
scheelite and rather long distances of migration 
of the hydrothermal solutions. 

3. The series occurring around the Sandudden & 
Yxsjoberg deposits have a rather distinct chem­
ical composition as compared to similar rocks 
from other parts of Central Sweden . Close to 



the skarn layers, they are especially character­
ized by strong enrichments in W, F, K20, U, Th, 
Ta, (Rb, Mo). This suggests that the hydrother­
mal infiltration mechanism leading to the miner­
alized stage II skarn development can also affect 
the surrounding supracrustal felsic metavolcan­
ic rocks in a large geothermal system like that 
observed in the Hjulsj6 area (Baker & De 
Groot, 1983). This could be demonstrated by a 
discriminant analysis study between unaltered 
and metasomatised rocks, analogous to that 
done for the Djebel Aouam district for instance 
(Cheilletz & Isnard, 1985). 

4. Amphibolite dykes, older than the tungsten 
mineralization, show high anomalies of W, Rb, 
Mo in the mineralized area, suggesting that they 
may have been structural pathways for ascend­
ing hydrothermal tungsten-rich solutions. 

5. Ohlsson (1979; 1987) reports clear spatial and 
genetic links between the late Svecokarelian 
magmatism (1.7-1.8 Ga), its granite and gran­
ite-pegmatite differentiation products and the 
stratiform tungsten skarn mineralization. Hel­
lingwerf & Baker (1985) argue for a link be­
tween tungsten and molybdenum mineraliza­
tions in Central Sweden with older anorogenic 
granites (1.8-1.9 Ga) formed during the closing 
stage of a ensialic rifting system (Oen, 1987). 
Whatever the type and the age of granites in­
volved in the formation of mineralized calc-sil­
icate bands, the working model presented here 
does not require direct field contacts between 
skarns and granites to prove the epigenetic ori­
gin of the mineralizations. 

Conclusions 

Over the last few years, two important conclusions 
have been established concerning stratiform tung­
sten deposits: (1) the confirmation of the existence 
of tungsten deposits of an exhalative-volcanogenic 
origin; (2) after a long debate among different Eu­
ropean and Australian groups, a concensus has 
been reached concerning the epigenetic origin of 
concentrations associated with calc-silicate layers. 
The classification of tungsten deposits proposed 
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here takes account of recent data, but can probably 
be improved following further investigations. 

In fact, a large number of uncertainties still exist 
concerning the classification within the exhalative­
volcanogenic group of deposits developed in meta­
morphic rocks associated with amphibolites. Many 
such deposits are still likely to be interpreted in 
different ways in the coming years. Nevertheless, it 
seems obvious that the simple presence of tourma­
linites in stratiform tungsten deposits does not 
prove that such deposits are of syngenetic volcano­
genic origin. Concerning tungsten deposits associ­
ated with calc-silicate layers, only clear chronolog­
ical criteria will enable one to determine the posi­
tion of scheelite within the often complex history of 
the host rocks. The resulting polyphase models 
favour the epigenetic supply of tungsten by perco­
lating hydrothermal fluids . 

Stratiform tungsten deposits are of little eco­
nomic importance compared with those linked to 
skarns or occuring in veins. With the exeption of 
Felbertal, the concentrations of syngenetic exhala­
tive-volcanogenic origin or those caused by super­
ficial waters close to primary deposits , are small 
and subeconomic (concentrations <0.1 % W03). 

Nevertheless, the frequent association of tungsten 
with gold in exhalative-volcanogenic deposits, may 
be a prospecting tool for gold deposits. 

Most stratiform-type tungsten concentrations 
are associated with calc-silicate layers, such as 
those in central Sweden, though tungsten concen­
trations are low. During prospecting for tungsten in 
such areas, one should take account of the follow­
ing factors; the existence of a thermal anomaly, the 
presence of a disperse geochemical halo, alteration 
of the wall rocks such as biotitization, and polyme­
tallic mineral associations, which may indicate the 
presence of mineralizations associated with an out­
cropping or hidden pluton. 

Many stratiform tungsten deposits are associated 
with intrusive or effusive rocks, showing either a 
syngenetic or epigenetic mode of depositions, or 
even both, associated in the same district. The 
classification proposed here is a tentative reconcil­
iation of these two ideas, widely accepted now, and 
which cannot be opposed but should be integrated 
in global ore genesis concepts along the lines of 
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what has been done for the massive sulphide-type 
deposits . 
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