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Zusammenfassung 

Eine herausragende Stellung innerhalb der heutigen Geowissenschaften nimmt die 
Untersuchung der rezenten hydrothermalen Aktivität und Lagerstättenbildung an aktiven 
Spreizungsrücken ein, nämlich die rezenten Komplexmassivsulfiderz-Mineralisationen 
(„Schwarze Raucher") an divergierenden Plattenrändern (z. B. Ostpazifischer Rücken) 
sowie an Spreizungsrücken in Back-Arc-Becken (z. B. Manus-Becken/Bismarck-See — 
Papua-Neuguinea). Eine rezente Komplexmassivsulfiderz-Mineralisation ist mittlerweile 
auch vom Tiefseeberg Palinuro aus dem südöstlichen Tyrrhenischen Meer, nördlich von 
Sizilien und den Liparischen Inseln, bekannt. Am Tiefseeberg Palinuro tritt in cirka 630 m 
Wassertiefe eine sehr komplexe Massivsulfiderz-Mineralisation auf, die aus Sulfiden, Sulfo-
salzen und Sulfat-Gangart besteht. Als ein Charakteristikum zeichnet sich die Paragenese 
durch hohe Gehalte an Bleiglanz und Baryt aus. Weitere Hauptgemengteile bilden Pyrit, 
Melnikovitpyrit, Zinkblende und Schalenblende, Nebengemengteile u. a. Markasit, Enar-
git und Kupferkies, Akzessorien z. B. Tennantit, Bravoit, Covellin sowie ein weiteres Sulfo-
salz, vermutlich Jordanit. Das Auftreten von Enargit und Tennantit läßt ersehen, daß eine 
eisenarme Buntmetall-Mineralisation vorliegt. Die Erzmineralisation ist außerdem durch 
sehr hohe Spurengehalte an Quecksilber (max. 0,67%) gekennzeichnet. Interessante Spu
renkonzentrationen liegen auch bei den Edelmetallen Silber und Gold vor. Die auftreten
den Verwachsungen sind häufig feinkörnig ausgebildet. Vielfach liegen komplexe rhythmi
sche Abfolgen vor, Kolloidalgefüge bzw. Geltexturen sind verbreitet. Plastische, sedimen
täre Deformation und Faltung von Erzlagen machen auf das Vorliegen eines ursprünglich 
unverfestigten Erzschlammes aufmerksam. Typisch für die Erzmineralisation sind häufig 
anzutreffende diagenetische Gefüge, die besonders eindrucksvoll von Bleiglanz abgebildet 
werden. Eine weitere Besonderheit des Vorkommens stellen im Komplexmassivsulfiderz 
erhaltene bzw. pseudomorphosierte laminierte Matten von Mikroorganismen dar, wahr
scheinlich liegen Bakterien-Matten vor. Paragenetische Vergleiche der Komplexmassivsulfi
derze vom Tiefseeberg Palinuro können mit bekannten „fossilen" syngenetischen Buntme
tall-Lagerstätten durchgeführt werden, z. B. mit der Lagerstätte Veovaca in Bosnien. 

Summary 

In the geosciences of our time, the investigation of modern hydrothermal activity and the 
metallogenesis of active spreading centers occupies a distinctive position. Particularly 
interesting examples are the modern complex massive sulfide mineralizations ("black 
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smokers") at actively spreading plate boundaries (e. g. the East Pacific Rise) and also at 
spreading ridges within back-arc basins (e. g. the Manus Basin/Bismarck Sea, Papua New 
Guinea). A modern complex massive sulfide mineralization is in the meantime also known 
from the Palinuro Seamount in the southeastern part of the Tyrrhenian Sea, north of Sicily 
and the Lipari Islands. At the Palinuro Seamount a complex massive sulfide formation 
occurs at water depths near 630 m. The paragenesis is characterized by sulfides, sulfosalts 
and sulfate gangue material. Major mineral constituents are pyrite, melnikovite-pyrite, 
sphalerite, schalenblende, galena and barite. Minor mineral components are enargite and 
chalcopyrite. Enargite and the accessory components tennantite, bravoite, covellite and 
another sulfosalt, probably jordanite, indicate an Fe-poor non-ferrous metal paragenesis. 
Among other things, this is also characterized by a considerable concentration of Hg (maxi
mum 0.67 %) and substantial traces of Ag and Au. The intergrowths of the ore minerals are 
often very fine-grained and frequently complex paragenetic successions and rhythmic alter
nations are documented. Moreover, typical colloidal and/or gel textures are very common. 
In places, slumping (slump bedding) can be observed within the sulfide layers, indicating 
an ore mud origin. Furthermore, characteristic sulfide textures (e. g. galena) reveal the later 
influence of diagenesis. The occurrence of galena as a typical major mineral constituent in 
this complex massive sulfide mineralization already reveals the influence of portions of the 
continental crust as a source for the leaching hydrothermal solutions. A further particular 
feature of this mineralization is the presence of microbial mats, presumably laminated bac
terial mats, which are preserved within and pseudomorphed by this complex massive sul
fide ore. By comparison, the complex massive sulfide formation at the Palinuro Seamount 
exhibits paragenetic relationships and textures which can also be observed in well-known 
ancient ("fossil") syngenetic base metal deposits on the continents (e. g. in Bosnia). 
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1. Introduction 

Massive sulfide occurrences in a modern seafloor environment are of particular sig
nificance. Active divergent plate boundaries with areas of intense hydrothermal activity giv
ing rise to the formation of ore deposits are of major importance. They have received a lot 
of attention from geoscientists in recent years. The East Pacific Rise and the Galapagos Rift 
are especially suited for the study of such processes. 

Hydrothermal activity at modern seafloor spreading centers is a prime target for the 
study of mechanisms leading to the formation of massive sulfide mineralizations. 

Hydrothermal mineralizations from the Tyrrhenian Sea were reported by M. MlNlTTl 
and F. F. BONAVTA (1984), who focussed attention on the occurrence of sulfide ores in this 
part of the Mediterranean Sea. 

© Österreichische
Geologische Gesellschaft/Austria; download unter www.geol-ges.at/ und www.biologiezentrum.at



Pangenesis of Complex Massive Sulfide Ores from the Tyrrhenian Sea 267 

The recovery of massive sulfides from the Palinuro Seamount in the Tyrrhenian Sea dur
ing the SO 41 — HYMASI Research Cruise ("Hydrothermale Massivsulfide" — hydrother
mal massive sulfides) with the German Research Vessel Sonne is considered a major success 
(Station SO 41-181FG). Sulfide clumps embedded in sediment were found at a water depth 
of 630 m (Fig. 1). 

No active hydrothermal venting was found at the Palinuro Seamount. However, indica
tions for modern hydrothermal activity could be observed in the neighborhood of the sul
fide occurrence. 

Information about this sulfide mineralization has been presented by D. LASCHEK (1986), 
H. PUCHELT (1986), H. PUCHELT and D. LASCHEK (1987), P. STOFFERS and G. C. 
AMSTUTZ (1987), W. TUFAR (1990 a, 1991), and W. TUFAR et. al. (1987). 

2. Sample Description 

All sulfide ore specimens consist of complex massive sulfide assemblages. Macroscopi-
cally, sample fragments exhibit porous, occasionally banded or crustaceous to rhythmically 
layered textures. Found in association with sulfides is the gangue material barite, which 
locally shows a considerable enrichment. 

2.1. Complex Massive Sulfides 

Chemical analyses (Table 1-4) of the complex massive sulfide ore samples show mostly 
high concentrations of zinc, iron and especially barium, substantial to high contents of lead 
in particular, and only low concentrations of copper. Concerning the trace elements, sig
nificant concentrations of arsenic, antimony, cadmium and molybdenum are of particular 
interest. Very conspicuous are extremely high trace concentrations of mercury. Substantial 
traces of the precious metals silver and gold are also conspicuous. 

A thorough study of massive sulfides by means of ore microscopy is considered particu
larly useful for the characterization of the mineralogically complex suite. Such a study pro
vides detailed information about the present ore minerals, their intergrowths and genesis 
and, with regard to the economic potential of the deposit, yields important parameters for 
process mineralogy and metallurgy. 

The porous, partially layered and/or crustaceous textures of the specimens already 
observed on a macroscopic scale is also evident microscopically. 

Volumetrically, the amount of individual sulfide minerals varies considerably between 
different specimens. Pyrite, sphalerite, schalenblende, and galena are major ore compo
nents, although their relative proportions vary strongly. Melnikovite-pyrite constitutes 
either a major or a minor component. Minerals such as "intermediate product", marcasite, 
chalcopyrite, and enargite represent minor constituents, while wurtzite, covellite, bravoite, 
tennantite, and a lead-sulfosalt, probably jordanite, occur less frequently. 

Colloidal and/or gel textures (colloform textures) are typical of the sulfide association 
(Figs. 2-10,12-17, 19-23, 26-28, 30-33, 38). Rhythmic colloform, colloidal masses are in 
many instances excellently displayed by pyrite, melnikovite-pyrite, "intermediate product", 
schalenblende, and galena. These portions take the form of rhythmically layered, botry-
oidal to reniform, concentrically layered, or orbicular to radial masses. 
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Fig. 1. Bathymetric map of the Palinuro Seamount showing the sampling location of the complex massive sulfide mineralization. 
(Water depths are in meters, 20 meter contour intervals) 
(After H. PUCHELT, 1986). 
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Pyrite (Figs. 2-7, 9-38) forms a major mineral constituent, mostly found in rhythmic, 
colloidal masses, usually in association with schalenblende, sphalerite, galena, and melniko-
vite-pyrite and, to a lesser extent, associated with "intermediate product" and marcasite. 
Sporadically, pyrite exhibits differences in its reflectivity where a less strongly reflecting 
brown variety occurs. The latter may be distinguished from locally present bravoite. Pyrite 
is often found in abundance as very finely disseminated inclusions in other sulfides, such 
as schalenblende and sphalerite. Furthermore, pyrite is encountered as an overgrowth on, 
occasionally even as interstitial filling in, or rim around, adjacent aggregates of sphalerite or 
galena. Pyrite entirely encloses the latter two in places. Locally, when occurring peripher
ally and interstitially to schalenblende or as a rim around galena, pyrite itself is rimmed by 
bravoite (Figs. 16, 26-28). Inclusions of sulfides (schalenblende, sphalerite, galena) and 
gangue material (tabular barite) are common in pyrite. The mineral quite often reveals its 
euhedral form, though usually very fine-grained. 

In places, bubble-like spheroids exhibiting a mostly thick superficial shell of pyrite 
(Figs. 4-5,30) occur frequently. These typical spheroids often display a center consisting of 
gangue material, frequently barite, which in many cases exhibits crystal aggregates. Shrink
age cracks are common, both in the gangue material occupying the center and in the thick 
superficial shell of pyrite. These shrinkage cracks can be healed and cemented by galena and 
pyrite itself. 

Furthermore, smaller spheroids composed of concentrically layered pyrite are encoun
tered occasionally (Figs. 2, 7,9-10,12-14,16-17,21). In addition framboidal pyrite (Fig. 3) 
occurs locally in association with minute, loosely packed crystal aggregates of porous 

Fig. 2. Sample SO 41-181 FG 7. 
Excellent colloidal masses of rhythmically layered to concentric pyrite (light gray, 
almost white), melnikovite-pyrite (medium gray to dark gray), and "intermediate 
product" (likewise medium gray to dark gray) as well as interstitial and peripheral 
schalenblende (dark gray) contain tiny euhedral plates and crystal aggregates of barite 
(black) in places. Locally shrinkage cracks occur in melnikovite-pyrite and "intermediate 
product". There is a pyrite spheroid in the upper right corner. Gangue material, abun
dant natural cavities and pores (all likewise black). 
Polished section, x85. 
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Fig. 3. Sample SO 41-181 FG 13. 
Delicate, rhythmically layered to concentric masses of schalenblende (dark gray) and 
galena (light gray) are associated with fine-grained pyrite (light gray, almost white) partly 
developed as framboidal pyrite. In interstices and pores massive pyrite and euhedral 
galena are encountered locally. Barite plates (black) of different size, euhedrally devel
oped after [001], are enclosed in the ore. Natural cavities and pores (all likewise black). 
Polished section, oil immersion, x275. 

Fig. 4. Sample SO 41 -181 FG 10. 
Bubble-like spheroid, showing a center consisting of gangue material (black) followed by 
a broad superficial shell of pyrite (light gray, almost white). Within these spheroids, both 
gangue material and pyrite reveal impressive shrinkage cracks which in places are 
cemented by pyrite. 
Polished section, oil immersion, x65. 
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Fig. 5 a. 

Fig. 5 b. 

Fig. 5. Sample SO 41-181 FG 10. 
Bubble-like spheroids exhibiting typical shrinkage cracks within the center, composed 
of gangue material (black), as well as in the outer broad superficial shell, consisting of 
pyrite (light gray, almost white). The pyrite cements shrinkage cracks and fractures 
within the gangue material occupying the center and partly even within the outer rim 
of pyrite itself. Fine-grained, porous crystal aggregates of galena (light gray) also can be 
observed in places as fillings of shrinkage cracks in the peripheral parts of the gangue 
material occupying the center, there near the boundary to the outer superficial shell of 
pyrite, as well as in shrinkage cracks of the broad pyrite rim, peripherally around these 
rims and in interstices of the spheroids. Figure 5 b demonstrates in impressive detail these 
charactersitic shrinkage cracks and their healing by pyrite and fillings by fine-grained, 
porous crystal aggregates of galena in the outer superficial shell of pyrite, as well as in the 
gangue material occupying the center of the bubble-like spheroid. 
Polished section, oil immersion, Fig. 5a: x65, Fig. 5b: xl60. 
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pyrite. Rather unique are occasional heterogeneous, euhedral aggregates (Figs. 20-22), 
predominantly consisting of fine-grained, distinctly euhedral pyrite in a "matrix" of enar
gite or of fine-grained, partially euhedral pyrite with chalcopyrite, minor sphalerite, galena, 
and enargite. Rims of enargite intergrown occasionally with subordinate sphalerite and 
minor bravoite usually cover these heterogeneous, euhedral aggregates. A further striking 
feature of the paragenesis is the sporadic myrmekitic intergrowth of pyrite and enargite 
(Figs. 11, 25). 

Zinc sulfide (Figs. 2-3, 6-24,26-27,29,32-38), another major ore component, occurs on 
the one hand as sphalerite, and on the other hand as schalenblende and wurtzite, although 
wurtzite was rarely encountered. 

A primary origin of sphalerite is readily evident from its euhedral crystal aggregates, sup
ported by the occurrence of polysynthetic twin lamellae. 

Schalenblende is very commonly found in rhythmically layered crusts and botryoidal-
reniform to concentrically layered colloform masses, exhibiting colloidal and/or gel tex
tures. 

Sphalerite and schalenblende show complex, alternating, in places extremely intimate 
intergrowths mainly with galena, pyrite, and melnikovite-pyrite. Likewise, the two zinc sul
fides locally contain abundant zonal inclusions of other sulfides, in particular galena. These 
inclusions are commonly very fine-grained and chiefly composed of galena, which is dis
seminated in places. Rhythmic layering and alternations of galena, sphalerite, and/or 
schalenblende are commonly extremely minute and, as with the grain size of galena inclu
sions, approach dimensions close to the limit of optical resolution. 

Fig. 6. Sample SO 41-181 FG 9. 
Schalenblende (dark gray) frequently displays rhythmic, concentrically layered alterna
tions with galena (light gray), which constitutes rims and fills interstices, there partly 
forming tiny crystal aggregates. Smaller and larger crystals of barite (black) are enclosed 
in schalenblende or in turn overgrow the latter. In places, coatings of galena ("intergranu-
lar films") or occasionally of schalenblende (upper left corner) occur around euhedral 
barite aggregates. Additionally, a small ammount of pyrite (light gray, almost white) is 
present locally. Gangue material, natural cavities and pores (all likewise black). 
Polished section, oil immersion, xl65. 
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Tabular euhedral barite (Figs. 2-3, 6-7, 9-13, 15,17,19) is often found as an inclusion in 
sphalerite and schalenblende, both of which often form excellent interstitial fillings in crys
tal aggregates of barite and rims around them. 

Very small differences in reflectivity of sphalerite and schalenblende occasionally deline
ate zoning. Variable iron contents seem to account for this property, as well as for irregulari
ties in the intensity and color of internal reflections. 

Local plastic deformation of rhythmic layers and alternating bands of mainly galena con
tained in sphalerite and schalenblende point to sedimentary slumping, while the ore mud 
was still in an unconsolidated state ("slump folding", "slumping" — Fig. 12). 

Shrinkage cracks (Figs. 10-11) in sphalerite and schalenblende are conspicuous and filled 
with galena and pyrite, occasionally accompanied by covellite. 

Galena, yet another major ore mineral (Figs. 3, 5-18,20-24,27-33, 38), forms aggregates 
of variable grain size, in part found finely intergrown with other sulfides, or occurs as inclu
sions in them. 

When it occurs in rhythmic alternation with sphalerite and schalenblende, galena often 
displays well developed colloform, colloidal and/or gel textures, as in rhythmic to concen
trically layered masses (Figs. 3, 6-8, 10,12-13, 33). Alternating rhythmically layered crusts 
are small enough to approach the limits of optical resolution, just as with galena dissemi
nated in sphalerite and schalenblende. 

Frequently, euhedral galena crystal aggregates of various size (Figs. 3, 5-8, 11-18, 20-21, 
23-24,27-28, 30-33) are encountered. In these aggregates galena often constitutes an accre
tion, overgrowth, or rim and interstitial coating or filling, mainly in sphalerite and/or 

mmammMmmmm »in«; -m..mm 
Fig. 7. Sample S041-181FG7. 

Schalenblende (dark gray, internal reflections) comprises zonally arranged, delicate, 
rhythmic to concentrically layered alternations with galena (light gray). The latter 
mineral may also be observed in interstices as a fine-grained accretion, partially display
ing euhedral development. In places, pyrite (light gray, almost white) develops its charac
teristic spheroids at the margins of schalenblende, in which it is also contained. Occa
sionally barite plates (black) occur. Gangue material, natural cavities and pores (all 
likewise black). 
Polished section, oil immersion, x275. 
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Fig. 8. Sample SO 41-181 FG 7. 
Excellent, rhythmic to concentrically layered masses of schalenblende (dark gray, inter
nal reflections) and galena (light gray, almost white). Interstices in schalenblende display 
accretion of and coating with galena. Gangue material, abundant natural cavities and 
pores (all likewise black). 
Polished section, oil immersion, xl65. 

Fig. 9. Sample SO 41-181 FG 9. 
Schalenblende (medium gray) encloses abundant crystal aggregates of barite (dark gray, 
almost black) euhedrally developed after (001] and, occasionally accompanied by pyrite 
(light gray, almost white), completely fills their interstices. Additionally the characteris
tic concentric spheroids of pyrite are embedded in schalenblende, which furthermore 
contains small inclusions of galena (light gray). 
Polished section, xl65. 
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schalenblende, thereby locally forming inclusions in the zinc sulfides. Occasionally, fine
grained, loose to porous aggregates of galena display dendritic and "knitted" aggregates to 
crystal skeletons (Figs. 13,18,23,28,30-33), either in sphalerite and schalenblende or along 
their periphery. Euhedral galena aggregates, often accumulating around and overgrowing 
on other minerals themselves, are in turn enclosed in sphalerite and schalenblende (Fig. 17). 
Furthermore, galena exhibits local rims of pyrite (Figs. 15-17,27), which in turn is enclosed 
in bravoite. The latter, as well as the adjoining pyrite, may be succeeded by a later generation 
of small euhedral galena. Locally, a later generation of galena forms a rim around earlier 
crystal skeletons of galena (Fig. 18). 

In addition, galena is observed in delicate rims and intergranular coatings in and around 
sphalerite and tabular barite (Fig. 11). Partially coexisting with covellite, galena fills frac
tures and shrinkage cracks in sphalerite and schalenblende (Figs. 10-11). Rarely, crystal 
skeletons of galena are intimately intergrown with gangue material to constitute myr-
mekites (Fig. 18). 

The plastic deformation of rhythmic, alternating layers of galena contained in sphalerite 
and schalenblende indicates deformation (slump folding, slumping) prior to diagenesis in 
the unconsolidated ore mud (Fig. 12). Diagenetic effects in galena are apparent also from 
accretions, overgrowth forms, interstitial fillings, healing and cementing of shrinkage 
cracks, etc. (Figs. 3, 5-8, 12-17, 20-23, 27-28, 30-33). 

Fig. 10. Sample SO 41-181 FG 6. 
Schalenblende (medium gray) encloses fine-grained, occasionally spheroidal pyrite (light 
gray, almost white), galena (light gray) locally in delicate, rhythmic to concentrically 
layered alternations, and numerous small euhedral plates and crystal aggregates of barite 
(dark gray, almost black). At times galena, partly associated with covellite (dark gray), 
constitutes fine-grained interstitial fillings and cements narrow fractures and/or shrink
age cracks in schalenblende. The latter occupies interstices within the adjacent coarse 
crystal aggregate of barite and coats, partly as a thin "intergranular film", its large plates 
euhedrally developed after [001]. At one place schalenblende heals a fracture, while it is 
in turn thinly coated by galena. Gangue material, natural cavities and pores (all likewise 
dark gray, almost black). 
Polished section, x65. 
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Melnikovite-pyrite (Figs. 2, 12, 19) can be found as a major or minor ore component, 
usually associated with pyrite, marcasite, "intermediate product", and schalenblende. Mel
nikovite-pyrite is associated with other sulfides to constitute colloidal masses of rhythmi
cally layered, botryoidal to reniform, and concentrically layered precipitates. 

Marcasite (Fig. 19), although a possible major constituent in the present paragenesis, 
only constitutes a minor mineral component. It is found intergrown with pyrite, melniko
vite-pyrite, "intermediate product", and schalenblende in colloidal masses and partially 
paramorphosed by pyrite. 

"Intermediate product" (Figs. 2, 19) is found occasionally as a subordinate mineral con
stituent, usually in paragenesis with melnikovite-pyrite. 

Chalcopyrite (Figs. 11, 20, 22, 24) is yet another minor mineral component, rarely con
stituting inclusions in sphalerite, schalenblende, or pyrite. In addition, chalcopyrite occurs 
as part of euhedral, heterogeneous aggregates (Figs. 20, 22) intergrown with fine-grained, 
partially euhedral pyrite, some galena, sphalerite, and enargite. Chalcopyrite may occupy 
a considerable part of these aggregates. Furthermore, enargite rims euhedral aggregates, fill
ing fractures or shrinkage cracks, particularly in chalcopyrite. Additionally, chalcopyrite is 
encountered in extremely fine-grained masses in paragenesis with pyrite, galena, sphalerite, 
and enargite. 

Fig. 11. Sample SO 41-181 FG 6. 
Crystal aggregates of barite (dark gray, almost black) euhedrally developed after [001] are 
embedded in and, locally, somewhat replaced by sphalerite (medium gray). Sphalerite 
sporadically contains fine-grained pyrite (light gray, almost white) and galena (light gray) 
as well as tiny inclusions of chalcopyrite (likewise light gray) in places. Galena and covel-
lite (dark gray) mostly occur within sphalerite as a delicate interstitial filling. The former 
two also cement fractures and/or shrinkage cracks in sphalerite and constitute a thin 
coating around it in contact to barite, even in places where sphalerite in turn cements 
cracks in barite. Fractures in sphalerite are in addition filled by enargite (light medium 
gray) and occasionally by chalcopyrite. Enargite is locally encountered in delicate myr-
mekitic intergrowth with pyrite (lower left corner, barely visible in photomicrograph). 
Polished section, xl30. 
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Enargite (Figs. 11,20-25,29) is a subordinate mineral constituent. It preferentially forms 
a part of heterogeneous, euhedral aggregates (Figs. 20-22, 24) composed mainly of either 
fine-grained, partially euhedral pyrite with minor interstitial enargite ("matrix" — Figs. 
20-22, 24) or a mixture of chalcopyrite, fine-grained, partially euhedral pyrite, some 
sphalerite, galena, and enargite. Rims around these euhedral aggregates are constituted by 
sphalerite and enargite or, locally, by bravoite. Characteristic rims further emphasize the 
euhedral shape of "polysulfide" aggregates. Enargite is found finely intergrown with partly 
euhedral pyrite, chalcopyrite, galena, and sphalerite as well. It also occurs as rims and inter-
granular coatings around sphalerite and tabular barite, with healing cracks in the former. 
Locally, enargite fills shrinkage cracks, particularly in chalcopyrite. 

In interstices of the above mentioned euhedral "polysulfide" aggregates, enargite is spo
radically encountered in euhedral, squatly prismatic development, partially associated with 
euhedral galena and crystal aggregates of covellite (Fig. 24). A further peculiarity is the myr-
mekitic intergrowth of enargite and pyrite (Figs. 11, 25). 

Wurtzite is extremely rare and appears only as fine-grained crystals developed after 
[0001] in the center of schalenblende aggregates. 

Covellite (Figs. 10-11, 22, 24) is an accessory mineral often forming small, occasionally 
euhedral aggregates. Besides ordinary covellite its "permanent blue" variety is present. The 
mineral is often found associated with galena as a cavity lining in or interstitial to sphalerite 
and schalenblende. In addition, covellite and galena constitute rims and intergranular coat-

Fig. 12. Sample SO 41-181 FG 6. 
Schalenblende (dark medium gray) reveals zones of rhythmically layered alternations 
mainly with galena (light gray), which clearly show distortion, and even folding (slump 
folding, slumping). Additionally, schalenblende contains occasional barite plates (black) 
after (001) and pyrite (light gray, almost white). The latter occurs in cavities and, partly 
in the presence of melnikovite-pyrite (light gray to medium gray), in spheroids which are 
associated with galena in the alternations. In cavities and interstices of schalenblende 
accretions and coatings, as well as tiny crystals of galena, can be seen. Gangue material, 
natural cavities and pores (all likewise black). 
Polished section, oil immersion, x85. 
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Fig. 13. Sample SO 41-181 FG 9. 
In places, Schalenblende (dark gray) shows rhythmically layered alternations with galena 
(light gray) and contains abundant crystal aggregates of barite (black), which in turn are 
rimmed by galena. Along its periphery, schalenblende is surrounded by fine-grained, 
porous galena occasionally exhibiting dendritic aggregates and crystal skeletons. 
Sporadic occurrences of pyrite (light gray, almost white), partly spheroidal, accompanied 
by galena, are encountered in schalenblende. Gangue material, natural cavities and pores 
(all likewise black). 
Polished section, oil immersion, xl65. 

Fig. 14. Sample SO 41-181 FG 9. 
Dendritic schalenblende (dark gray) containing abundant inclusions of fine-grained 
galena (light gray) and a small amount of pyrite (light gray, almost white) reveals 
peripheral accretion and/or coating of coarser grained, partly euhedral galena (depo-
sitional fabrics). The latter is itself rimmed by pyrite and its typical spheroids. Gangue 
material, natural cavities and pores (all black). 
Polished section, oil immersion, xl65. 
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Fig. 15. Sample SO 41-181 FG 9. 
Dendritic schalenblende (dark gray) contains frequent inclusions of tabular barite crys
tals (black) and fine-grained galena (light gray), which is also present in larger crystal 
aggregates around the margins of schalenblende. All of these are rimmed by pyrite 
(brighter light gray) additionally filling fractures in schalenblende. Natural cavities and 
pores (all likewise black). 
Polished section, oil immersion, x85. 

Fig. 16. Sample SO 41-181 FG 9. 
Crystal aggregates of galena (medium gray) are completely rimiried by pyrite (light gray 
almost white), which in turn is overgrown by an extremely thin coating of bravoite (light 
gray). Locally, pyrite embraces tiny inclusions of schalenblende (black) and euhedral 
plates of barite (likewise black). Furthermore a tiny plate of the latter is contained in 
galena. One pyrite spheroid can be seen. Natural cavities and pores (all likewise black) 
Polished section, oil immersion, xl35. 
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ings around sphalerite and barite, also filling shrinkage cracks in them. Covellite is also 
found in intimate intergrowths with galena, chalcopyrite, enargite, sphalerite, and partially 
euhedral pyrite, as well as in mixtures of these minerals, forming euhedral "polysulfide" 
aggregates. Interstices in the latter rimmed by bravoite locally show overgrowth of covellite. 

Bravoite (Figs. 16, 26-28) is another accessory constituent. It appears locally as fine rims 
around pyrite, either filling cavities and interstices, e. g. in and around sphalerite and 
schalenblende, or enclosing euhedral galena. Bravoite, in turn, may be overgrown by pyrite. 
The changing habit of euhedral bravoite aggregates as their growth continued, is locally 
observed as the typical zoning of bravoite. Rhythmic concentric to conchoidal spheroids 
and thin, rhythmically layered to conchoidal accretions (Fig. 27) of bravoite are observed 
sporadically. Fürth ermore, bravoite sparsely rims euhedral aggregates composed of fine
grained, partly euhedral pyrite and other sulfides which are otherwise rimmed by enargite 
and sphalerite. Additionally, bravoite constitutes rims along cavities and interstices within 
the complex, euhedral "polysulfide" aggregates, also revealing overgrowth by covellite and 
galena itself. 

Tennantite (Figs. 24, 29-32) is an accessory mineral encountered, usually in association 
with enargite, in rims and interstices of euhedral "polysulfide" aggregates. Tennantite is also 
intergrown with galena and chalcopyrite. 

A lead sulfosalt, probably jordanite (Fig. 33), represents a true curiosity. It was identified 
in the center of concentrically layered schalenblende, as well as in radial inclusions 

Fig. 17. Sample SO 41 -181 FG 9. 
Schalenblende (dark gray) comprises abundant inclusions of barite crystal aggregates 
(black) along with small amounts of galena (light gray) and pyrite (light gray, almost 
white), which locally forms spheroids. Schalenblende completely fills the interstices 
within crystal aggregates of barite. Overgrowth of galena produced a larger euhedral 
aggregate which is peripherally, very thinly in places, coated by schalenblende, which is 
itself in turn rimmed by pyrite (light gray, almost white). The latter also exhibits rims 
around euhedral barite plates or their thin schalenblende coatings ("films") and further
more occupies interstices among the barite crystal aggregates. Natural cavities and pores 
(both likewise black). 
Polished section, oil immersion, x65. 
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associated with galena enclosed in the zinc sulfide. The presence of jordanite is evidenced 
by its high reflectivity (trace lower than galena), its color, its weak bireflection, and its 
anisotropism. 

Limonite is occasionally encountered. Its presence indicates that submarine weathering 
(halmyrolysis) and oxidation have already commenced. 

2.2. Gangue material 

The amount of gangue material in the present complex massive sulfide specimens varies 
considerably. Barite, the major gangue material (Figs. 2-3, 6-7, 9-13,15-17,19, 31-32, 35, 
38), usually forms tabular crystals developed after [001]. The crystals are of varying size, 
even when in close spatial association with each other, and may locally dominate or be 
completely subordinate. Consequently, barite plates and crystal aggregates occur frequently 
in large amounts, often engulfed by ore minerals. Their interstices display excellent fillings 
of mainly schalenblende, sphalerite, pyrite, and melnikovite-pyrite. In other places only 
sparse barite plates and platelets are enclosed in sulfide minerals. Accretions and over
growths of sulfides such as schalenblende, galena, and pyrite on and around barite plates are 
widespread. The same applies to thin rims and intergranular coatings, for example of 
schalenblende, galena, and/or covellite. Ore mineral inclusions in euhedral barite are rarely 
encountered, while occasional fractures and cracks are filled with sulfides (e. g. schalen
blende). 

The typical bubble-like spheroids displaying a superficial shell of pyrite often contain a 
center of barite, which in many cases exhibits crystal aggregates. Shrinkage cracks are com-

Fig. 18. Sample SO 41-181 FG 6. 
Skeleton crystal aggregate of galena (light gray, almost white) developed after [100] in 
places exhibits delicate myrmekitic intergrowth with gangue material (black). Both are 
embedded in schalenblende (dark gray, internal reflections), accompanied by pyrite 
(likewise light gray, almost white) and a small amount of galena. Schalenblende consti
tutes fillings of interstices in the euhedral galena aggregate. Both exhibit peripheral over
growth of fine-grained, partly dendritic to skeletal galena. Natural cavities and pores 
(both likewise black). 
Polished section, oil immersion, x275. 
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mon in the baryte occupying the center. These shrinkage cracks can be cemented by galena 
and pyrite. 

2.3. Microorganisms within the complex massive sulfide ores 

In some of the complex massive sulfide ore specimens, microorganisms are contained and 
preserved, namely replaced and pseudomorphed by above all zinc sulfide (sphalerite, 
schalenblende) and some pyrite (Figs. 34-37). The materials examined constitute microbial 
mats, probably laminated bacterial mats from sheath-forming cyanobacteria or colorless 
sulfur bacteria. In polished sections, central parts of these laminated bacterial mats are cross 
cut, revealing fossilized bacterial sheaths and/or bacterial cell walls, while the peripheral or 
outer parts showing longitudinal sections. It can therefore be concluded that origininally 
hemispherical bodies of these bacterial mats were present. Irregular and annual ring-like 
structures indicate fluctuating growth conditions, presumably caused by changes in the 
environmental factors, such as temperature and sulfide concentration. 

Neither knots, cross linkages nor nets could be observed, which excludes the presence of 
both fungi and sulfur bacteria. The cutting positions seen in the polished sections disclose 
some similarities with cross sections of Cnidaria (e. g. Lithophyllum, Chaetes, Anthozoa, 
Tabulata, or Milleporidium, Hydrozoa, Strommatoporoidea). However, because of the sub
stantially smaller dimensions of the laminated microbial mats a classification to Cnidaria 
is also excluded. 

Fig. 19. Sample SO 41 -181 FG 7. 
Colloidal masses of schalenblende (dark gray in different shades because of internal 
reflections) and rhythmically layered, mostly concentric melnikovite-pyrite (medium 
gray to dark gray) associated with some "intermediate product" (medium gray to dark 
gray, almost black), display the accretion of pyrite (light gray, almost white) and euhedral 
marcasite (likewise light gray, almost white), partly paramorphed by pyrite, followed by 
"intermediate product" and melnikovite-pyrite in cavities and around their edges. Occa
sional barite plates (black) occur. Natural cavities and pores (all likewise black). 
Polished section, oil immersion, x275. 
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3. Conclusions and Future Prospects 

The present ore specimens from the sediment of the Palinuro Seamount represent a com
plex paragenesis of sulfides, sulfosalts, and sulfate gangue material. Major constituents of the 
mineral paragenesis are pyrite, melnikovite-pyrite, sphalerite, schalenblende, galena, and 
barite, while chalcopyrite and enargite are minor constituents. The presence of enargite and 
tennantite gives evidence for the occurrence of an iron-poor base metal mineralization. 

Mineral phases are usually intimately intergrown, often rich in inclusions, and composed 
to a considerable extent of complex sequences to rhythmic alternations mostly of schalen
blende, melnikovite-pyrite, pyrite, and galena, but not of chalcopyrite and enargite. 

Widespread, excellent, colloform, colloidal and/or gel textures are a characteristic 
paragenetic feature for this type of mineralization. These types of ore intergrowths are 
generally attributed to low formation temperatures (e. g. P. RAMDOHR, 1975, 1981). 

Textural evidence, such as (syn-) sedimentary deformation, indicates that the original ore 
mud underwent distortion in an unconsolidated state. This is documented by plastic defor
mation (slump folding, slumping) of rhythmic layers and alternations, mainly of galena, 
contained in and associated with sphalerite and schalenblende. 

Fig. 20. Sample SO 41-181 FG 10. 
Dendritic aggregates of schalenblende and sphalerite (both dark gray), in places rimmed 
by some pyrite (light gray, almost white, e. g. below center and lower left corner of pho
tomicrograph) and overgrown by a euhedrally outlined aggregate (upper right half of 
photomicrograph), but predominantly by galena (light gray, in photomicrograph hardly 
distinguishable from pyrite), exhibiting crystal aggregates. Besides the one euhedral 
aggregate overgrowing schalenblende, two more can be observed (lower and upper left 
half of photomicrograph), all three of them consisting mainly of fine-grained, partly 
euhedral pyrite and small amounts of sphalerite, chalkopyrite (likewise light gray) and 
enargite (medium gray). These euhedral aggregates are rimmed by enargite and are also 
overgrown by and embedded in fine-grained, porous galena crystal aggregates. The latter 
can be observed with traces of chalcopyrite as inclusions within the schalenblende den
drites. Gangue material (black). 
Polished section, oil immersion, xlOO. 
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Fig. 21. Sample SO 41 -181 FG 9. 
Enargite (medium gray) encloses and rims a heterogeneous, euhedral aggregate com
posed almost entirely of fine-grained, partly euhedral pyrite (light gray, almost white) 
and a small amount of interstitial enargite ("matrix"). The frequently occurring galena 
(light gray) is encountered in small, partly euhedral aggregates accompanied by schalen
blende (dark gray, almost black) and small amounts of pyrite, forming spheroids in 
places. Gangue material, natural cavities and pores (all black). 
Polished section, oil immersion, x425. 

Fig. 22. Sample SO 41-181 FG 6. 
Larger euhedral aggregates are chiefly composed of chalcopyrite (light gray) and fine
grained, partly euhedral pyrite (light gray, almost white), and interstitially filled 
("matrix", barely discernible in photomicrograph) by covellite (dark gray, almost black), 
enargite (dark medium-gray) and sphalerite (likewise dark gray, almost black). The 
euhedral shape of the larger, heterogeneous aggregates are strikingly emphasized by an 
enargite rim. In contrast to this, pyrite is also found locally in rhythmically layered to 
concentric masses, in association with schalenblende and some galena (likewise light 
gray). Gangue material, natural cavities and pores (all black). 
Polished section, oil immersion, x425. 
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Fig. 23. Sample SO 41-181 FG 10. 
Aggregates of pyrite (different shades of light gray, almost white), partly euhedral and 
partly exhibiting zonal arrangements with small amounts of fine-grained galena (light 
gray). Pyrite is overgrown by enargite (medium gray) and bubble-like spheroids of 
schalenblende (dark gray), all of these in turn overgrown and partly rimmed by fine
grained, porous crystal aggregates of galena. Gangue material, natural cavities and pores 
(black). 
Polished section, oil immersion, xl30. 
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Fig. 24. Sample SO 41-181 FG 6. 
Euhedral enargite (medium gray in different shades because of bireflection), crystal 
aggregates of covellite (dark gray to almost black, bireflection), some galena (light gray) 
partly exhibiting euhedral shape, and a trace of tennantite (light medium-gray) constitute 
interstices and/or cavity fillings between heterogeneous, euhedral aggregates. The latter 
are composed of partly euhedral pyrite containing interstitial enargite ("matrix") or of 
pyrite embedded in chalcopyrite (likewise light gray), enargite, and locally galena and 
sphalerite (dark gray, almost black). 
Polished section, oil immersion, X1075. 
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Fig. 25. Sample SO 41-181 FG 7. 
Delicate myrmekite of pyrite (light gray) with enargite (dark gray) around a central 
cavity. Some gangue material (almost black, in places brightened by internal reflections). 
Polished section, oil immersion, x425. 

Fig. 26. Sample SO 41-181 FG 9. 
Euhedral pyrite (light gray) is rimmed by bravoite (medium gray in different shades) 
which exhibits distinctive zoning and is itself in turn overgrown by ordinary pyrite. 
Peripheral schalenblende (black) occur. 
Polished sections, oil immersion, X1075. 
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Fig. 27a. 
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Fig. 27 b. 

Fig. 27. Sample SO 41-181 FG 9. 
Euhedral galena (dark medium gray) is enclosed in pyrite exhibiting euhedral shapes, 
which in turn is coated by bravoite (medium gray in different shades). The latter shows 
distinctive zoning and rhythmically layered accretions along its margins. Schalenblende 
(black) is locally embedded in galena and pyrite or growing peripheral to bravoite. 
Polished section, oil immersion, Fig. 27a: x425, 

Fig. 27b (Detail of Fig. 27a): xl075. 
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Fig. 28. Sample SO 41-181 FG 10. 
Crystal aggregates of pyrite (light gray), exhibiting distinct rhythmic zonal arrangements 
with bravoite (light medium-gray) and galena (dark medium-gray) and some gangue 
material (black). In zones of the latter three minerals shrinkage cracks can be observed 
and in places fillings with fine-grained, porous crystal aggregates of galena, which can 
also be seen outside the pyrite crystal aggregate. 
Polished section, oil immersion, x400. 

Fig. 29. Sample SO 41-181 FG 6. 
Tennantite (medium gray) intergrown with enargite (dark medium gray) and galena 
(light gray), all of which constitute a rim around a heterogeneous, euhedral aggregate. 
The latter is preponderantly composed of fine-grained, partly euhedral pyrite (light gray, 
almost white) and minor sphalerite (almost black), which are embedded in an enargite 
matrix. Some gangue material (black). 
Polished section, oil immersion, xl075. 
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Fig. 30. Sample SO 41-181 FG 10. 
Crystal aggregate of tennantite (medium gray) grown on pyrite (light gray, almost white), 
forming the superficial shell of bubble-like spheroids. Tennatite and pyrite are over
grown by fine-grained, porous crystal aggregates of galena (light gray). The center of the 
bubble-like spheroids is composed of gangue material (black), containing pyrite and 
galena as inclusions, mostly as healings and fillings of fractures and shrinkage cracks. 
Polished section, oil immersion, xl60. 

Fig. 31. Sample SO 41-181 FG 10. 
Euhedral plates of barite (black) rimmed by fine-grained, porous crystal aggregates of 
galena (light gray), which also fills interstices within the barite crystal aggregates. Within 
its masses of mostly fine-grained, porous crystal aggregates of the galena euhedral pyrite 
(light gray, almost white) and euhedral tennantite (medium gray) can be observed, both 
of which are rimmed by the galena crystal aggregates. Gangue material, natural cavities 
and pores (all likewise black). 
Polished section, oil immersion, xl30. 
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Shrinkage cracks preponderantly filled with galena or pyrite, locally accompanied by 
covellite or occasionally by enargite, are observed in places. Diagenetic processes are also 
considered to account for the appearance of galena as characteristic overgrowths, accretions, 
and cavity fillings. 

It is worth mentioning that the diagenetic textures found in the Palinuro Seamount 
mineralization are, in terms of carbonate sedimentology, not only diagenetic textures but 
even late diagenetic textures. This becomes clearly evident on comparison with similar and 
even identical textures within carbonate hosted base metal deposits (e. g. especially Bleiberg-
Kreuth/Carinthia and Mezica-Topla/Slovenia type localities). 

The variety of the mineral pangenesis and its complex intergrowths exemplify the com
plex chemical composition, including major elemental constituents as well as trace ele
ments, along the lines with the precious metal content of this base metal mineralization. 

A further particular charactersitic constitutes proof for the existence of microorganisms, 
namely the observation of microbial mats, most of these presumably laminated bacterial 
mats, preserved and pseudomorphed by sphalerite, schalenblende and some pyrite in this 
complex massive sulfide mineralization. This observation documents an excellent example 
of modern fossilization. Furthermore, this wholly unexpected and exciting result discloses 
essential information about the microbial communities associated with the hydrothermal 
springs which have formed the Palinuro Seamount complex massive sulfide mineralization. 

Fig. 32. Sample SO 41-181 FG 10. 
Euhedral plates of barite (black), in places overgrown by crystal aggregates of tennantite 
(medium gray) and pyrite (light gray, almost white), all embedded within masses of fine
grained, porous crystal aggregates of galena (light gray), which also rims the other 
minerals. The euhedral tennantite shows fractures revealing even a faint cleavage with a 
few fractures cemented by pyrite and fine-grained crystal aggregates of galena (right of 
center of photomicrograph). Locally, the tennantite fills interstices around pyrite crystal 
aggregates. In places, tennantite exhibits rhythmically layered textures with schalen
blende (dark gray, almost black), which also can be found in similar delicate colloform 
textures intergrown with partly euhedral aggregates of pyrite within the tennantite 
(lower left half of photomicrograph). 
Polished section, oil immersion, xl30. 
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In this context it is also worth mentioning that microorganisms and particularly 
microbial mats have only been recognized since a few years ago as a typical and important 
part of vent communities associated with hydrothermal vents (e. g. S. BELKIN and H. W. 
JANNASCH, 1989, Y. C O H E N and E. ROSENBERG, 1989, H. W. JANNASCH and C. O. W I R 

SEN, 1981, D. M. W A R D et al., 1989). 

A comparison of the complex Palinuro Seamount ores with modern black smoker 
material from active divergent plate margins of the Pacific (East Pacific Rise, Galapagos Rift 
- W. TUFAR, 1987, 1988, 1989, 1990, 1991, W. TUFAR et al., 1984, 1985, 1986 a, 1986 b, 

1987) at first seems reasonable, but both types show only few common characteristics. 
Similarities in paragenesis are partly revealed by the major sulfide components (pyrite, mel-
nikovite-pyrite, sphalerite, schalenblende) and their typical intergrowths (colloidal and/or 
gel textures), as well as a high porosity, common to both types of complex massive sulfide 
ore. 

However, some differences concerning paragenetic association of ore minerals are evi
dent. Black smokers from the East Pacific Rise are characterized by the occurrence of high-
temperature sulfides (chalcopyrrhotite, high-temperature chalcopyrite), which were not 
observed in the present Palinuro Seamount samples. There, chalcopyrite is only a minor 
component, while it represents a major constituent of complex massive sulfide ores from 
the East Pacific Rise or the Galapagos-Rift. Accordingly, galena and enargite are typical 

Fig. 33. Sample SO 41-181 FG 6. 
Rhythmic, concentrically layered schalenblende (dark gray in different shades — the 
slight variations in its reflectivity denote zoning) contains partly skeleton crystals of 
galena (light gray, almost white) in the center. In one aggregate of schalenblende (right 
half of photomicrograph) there is a small amount of galena adjacent to a lead sulfosalt, 
probably jordanite (slightly lower reflectivity than galena, in photomicrograph hardly 
distinguishable from galena), which locally exhibits radial inclusions in the peripheral 
parts of schalenblende (upper half of photomicrograph). Pyrite (almost white) over
grows schalenblende, also constituting interstitial fillings within its aggregates. Locally, 
the periphery of schalenblende shows delicate rhythmically layered alternations with 
galena. Gangue material, natural cavities and pores (all black). 
Polished section, oil immersion, x275. 
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Fig. 34. Sample SO 41-181 FG 10. 
Microbial mats, presumably bacterial mats, replaced and pseudomorphed by sphalerite 
and schalenblende (both dark gray), exhibiting the center of a hemispherical bacterial 
mat with annual ring-like structures. In places, peripherally some pyrite (light gray, 
almost white) can be observed. Gangue material, natural cavities and pores (all black). 
Polished section, oil immersion, xl5. 

Fig. 35. Sample SO 41-181 FG 10. 
Sphalerite (dark gray), pseudomorphous after a microbial mat, presumably a bacterial 
mat, revealing clearly cross cut microbial, i. e. bacterial filaments. In places, pyrite (light 
gray, almost white) replaces sphalerite, which is also rimmed by pyrite. Within the pyrite 
inclusions, barite crystal aggregates (black) can be observed (right lower half of pho
tomicrograph). Gangue material, natural cavities and pores (all likewise black). 
Polished section, x35. 
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Fig. 36. Sample SO 41-181 FG 10. 
Microbial mat, presumably bacterial, replaced and pseudomorphed by sphalerite (dark 
gray), disclosing cross cut as well longitudinally cut sections of a hemispherical bacterial 
mat and its mostly longitudinally cut filaments. Locally, small amounts of pyrite (light 
gray, almost white) can be seen. Gangue material, natural cavities and pores (all black). 
Polished section, x35. 

Fig. 37. Sample SO 41-181 FG 10. 
Sphalerite pseudomorph (dark gray), exhibiting mostly longitudinal section of a 
microbial mat, presumably bacterial, and its longitudinally cut filaments, as well as 
annual ring-like structures. Locally, small amounts of pyrite (light gray, almost white) 
can be observed. Gangue material, natural cavities and pores (all black). 
Polished section, x35. 
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Palinuro Seamount sulfides, the former as a major, the latter as a minor constituent. In con
trast, galena is a mere accessory mineral, while enargite is completely absent in specimens 
from the East Pacific Rise. 

Furthermore, considerable differences are exemplified by the nature of the gangue 
material. While X-ray amorphous silica (opaline silica) is locally abundant even in samples 
from the East Pacific Rise and the Galapagos Rift, it was not identified in Palinuro Sea-
mount complex massive sulfide samples containing barite as a major mineral constituent. 

In addition, one can attempt to compare the Palinuro Seamount occurrence with the 
recently discovered complex massive sulfide mineralizations from the Manus Spreading 
Center in the Bismarck Sea (W. TUFAR, 1990 b). These mineralizations are, for example, 
distinguished by black smoker chimneys mostly rich in zinc, in places by substantial con
tents of barite and galena and occasionally extremely high traces of gold (1.3-52.5 ppm Au) 
and substantial traces of silver (25-1036 ppm). Concerning, for example enargite, the 
Manus Spreading Center mineralizations are also characterized by a lack of this particular 
mineral. 

Massive sulfide specimens from the Kebrit Deep of the Red Sea (Station SO 29 — Dredge 
354) exhibit an ore paragenesis of only three sulfides (pyrite, schalenblende and galena), dis
tinctly displaying the effects of diagenesis. Noteworthy are inclusions of microorganisms 
(foraminiferid tests, diatom frustules) in the Red Sea massive sulfides. A comparison of 
mineral parageneses of complex massive sulfide ores from the Palinuro Seamount, modern 
black smokers from the East Pacific Rise, Galapagos Rift, and Manus Spreading Center 
(Bismarck Sea/Papua New Guinea) and massive sulfide ores from the Kebrit Deep of the 
Red Sea reveals certain similarities, but also significant genetic differences. 

Fossil syngenetic base metal deposits are comparable to complex massive sulfide ores 
from the Palinuro Seamount in the Tyrrhenian Sea in terms of mineral intergrowths, tex
tures, sedimentary deformation, and diagenesis, and are thus suitable for comparison. 
Examples are constituted by the ore deposits of e. g. Rammelsberg (Harz/Germany), Meg-
gen/Lenne (Sauerland/Germany), lead-zinc ore deposits of the Eastern Alps, such as 
Bleiberg-Kreuth (Carinthia/Austria) and Mezica-Topla (Slovenia), a recently discovered 
Palaeozoic lead-zinc deposit in Nevada/USA (W. Tufar et al. 1984), and Veovaca (Bosnia). 

Concerning the textures occurring, as well as the paragenesis, one can — with some cau
tion — attempt to make comparisons with the Veovaca deposit in Bosnia (Figs. 38-39). 

This syngenetic base metal deposit is, for example, comparable to the Palinuro Seamount 
mineralization, also characterized by galena and barite as major mineral constituents. Fur
thermore, mercury is found in substantial traces in the Veovaca base metal paragenesis, as 
well. 

Even though there are some possibilities for drawing comparisons with other modern 
finds, as well as with ancient ("fossil") base metal deposits, it can be asserted from the 
paragenetic point of view that the Palinuro Seamount complex massive sulfide mineraliza
tion is somewhat unique. 
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