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B. M. [lekos, E. JI. Mandosa, B. I1. Kazakosa — [eHemuveckue epynnsl MUHZPAN08 MEAKONCAMMIUMO-
601l 1L KPYnHoQeapumosol Gpaxyud ocadourod gopsayuu cnpedureosoeo xpebma u Hekomopste uHOU-
KamopoL ucmopuu cybmapurHot eudpomzpauaivrol desmeavrocmit (Bocmourno-Tuxookeanckoe nodnamiue,
21° 0. w.). TlpuMeHsst KOMIJIEKC aHAJTHTHYECKHX METONOB, JeTajJbHO HCCJAE10BAH MHHEpPAJbHBII COCTAaB
vesakoncammutoBoit (0.10-0.50 mm) u kpynuoanesputosoit (0.05—0.10 mm) ¢pakuuii MeTaaT0HOCHBIX
ocagkoB mpHoceBoii 30oHbl Bocrouno-Tuxookeauckoro nogusitha (20°30'—22°00" 0. w.). Munepaib-
HbIH COCTAB 0CAaJAKOB JAHHOTO pailoHa KOHTPO.IHpYeTcs cJelylomumH (PaKTopaMu: OTAAJEHHOCTLIO OT
KOHTHHEHTaJbHbIX MaCCHBOB; IMTyGHHONH OKeaHa; pacrnoJoXKeHHeM MOJAHTOHA B I0XKHOM apHAHON 30HE H
0CceBOil YacTH GBICTPOCIPeJHHTOBOro Xpe6Ta ¢ aKTHBHOH TrHApOTepMaJbHOl JesaTteabHocTbio. OcagouHas
(dopMallHsi HCCAEI0BAHHOTO CHPEAHHTOBOTO CETMEHTa MOJHTeHHAst H B ee (OPMHDOBAHHH YYacTBYIOT
ceMb TEHETHYeCKHX TpYymnm MHHepasoB: GHOreHHasi; TeppHreHHas; THApoTepMaJbHasi,; 3jgadorenHas;
JAMareHeTHuecKas; rHAporeHHass W kocmorennasi. [lemaruucckuit ¢ou dopmupyercs raaBHo GHOreH-
HbIM Kap6oHATOM KaJjblHs H TepPHTeHHbIMH OGJOMOYHBIMH H TIHHHCTBIMH MHHEpAJaMH 30J0BOro Mpo-
HCXOXKAeHHs. [luareHeTHYeCKoe M THAPOTEHHOS MHHepaJoo6pa30BaHHA B JaHHOH OGCTAHOBKE HMEIOT
nojuMHenHoe 3Hauenne. TeKTOHO-BYJKaHHYECKHE MPOUECChl B paioHe AAaloT crnelHpAyecKHit ,MecTHbIH"
MaTepHasd B 0caikaXx — BYJKaHOTeHHO-34adorenublif, rHIpOTepMaabHO-34aOreHHbIl H THAPOTEpMab-
HO-0CaJl0YHBIH.

B MeTaus10HOCHBIX OcaKaxX ocafouHoil GopMalHH CNPeIHHTOBOT0 Xpe6Ta HaKamJaHBaeTCs PSf MH-
HepasoB (THAPOTEPMadbHOH TPynnbl), KOTOpble MOTYT ObiTb PEKOMEHJOBaHbI B KauecTBe MOHCKOBOTO
npu3naka Ha cy6MapHHHble CyJabOHANbe pyAbl. HauayulwnMi HHAHKATOPAMH CYJIb(GHAHOTO OpYAEHEHH S
Ha HccaefyeMoM noJurone siBasiores cyabduast Fe, Cu, Zn; 6aput; Fe oxphi; naoruble, Gypbie Fe ko-
pPOYKH; 4epHbie, caxucTble Mn KopoukH; KoJsomopdHble NoJynpo3payHble arperaTbl OKCHTHAPOKCHIOB
Fe u SiO,am, coaepKanue KOTOPBIX 3aKOHOMEDPHO BO3pacTaeT NMpH NPHOAHMKEHHH K THAPOTEpMaJbHbIM
noasim. VX mpocTpaHcTBeHHOe pacnpele/ieHHe KOHTPOJHPYETCS CKOPOCTbIO H HanpaBJeHHeM NpPHAOH-
HBIX TEYEHHH, a TaKXe MECTOMNOJIOXEHHEM M MOUHOCTbIO THAPOTEPMAaJbHOH CHCTEMBI.

Bo BpeMsi LUHKJIHYECKOrO TEKTOHO-BYJKAaHHYECKOro Pa3BHTHS LEHTpa cnpeauHra Habaiogaercs
3aKOHOMEpHOE H3MEeHEeHHe MHHEepaJbHOro COCTaBa HCcJaegoBaHHBIX (pakunii ocagkos. [lepex u mnocJie
THAPOTEPMANbHBIX LUHKJIOB (B TeueHHe BYJKaHHYECKHX) YBEeJHUHBAETCS COAEpXKaHHe BYJKaHOTEHHO-
3padorenHblX MHHepasoB. Bo Bpemsi ruapoTrepmaJbHBIX LHKJIOB B 0CaJKaX €BO3pacTaeT KOHIIEHTPallHs
THAPOTEPMaJMbHO-0CaJOUHbIX MHHEPAJIOB, NpHUYeM HA HAuaJbHOH H 3aKIOUYHTILHOW (a3ax obpa3ylorcs
HH3KOTeMNepaTypHble MHHEpaJbl.

Abstract. The mineral composition of fine-psammitic (0.10-0.50 mm) and coarse-aleuritic (0.05-

0.10 mm) fractions of metalliferous sediments from the East Pacific Rise axial zone (2()"30’-22"00’ S)
is investigated in details by a complex of analytical methods. The mineral composition of the sedi-
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ments of this region is controlled by the follow factors: remoteness from the landmasses; ocean depth;
appurtenance of investigated area to the South arid zone and the axial part of the fast spreading cen-
tre with high hydrothermal activity. The sedimentary formation of the investigated spreading
segment is polygenetic. Seven mineralogical genetic groups can be distinguished: biogenous, terri-
genous, hydrothermal, basaltic, diagenetic, hydrogenetic and cosmogenic. The pelagic background
is formed mainly by biogenous CaCO, and detrital and clay minerals with eolic origin. The diagenetic
and hydrogenetic mineral formation have subordinate significance in that environment. The tectono-

volcanic processes in the region supply a specific “local” material to the sediments — basaltic and
hydrothermal.

Some of the minerals accumulating in the metalliferous sediments of the spreading sedimentary
formation can be recommended as indicators for sulphide ore prospecting. The sulphides of Fe, Cu,
Zn; barite; Fe umbers; compact black-brown Fe crusts; black Mn crusts; colloform semitransparent
aggregates of Fe oxyhydroxydes and amorphous SiO, are the best indicators for sulphide minerali-
zation in the investigated area. Their contents increase regularly towards the hydrothermal fields.
The spatial distribution of the minerals related to the hydrothermal activity in the rift is controlled

by the rate and direction of the seabottom currents and by the hydrothermal system locality and
power.

A regular variation of the mineral composition of the investigated fractions is established during
cyclic tectono-volcanic development of the spreading centre. The content of basaltic minerals increases
during the volcanic cycles (before and after the hydrothermal cycles). The concentration of hydrother-
mal-sedimentary minerals in the sediments increases during the hydrothermal cycles. Low-tempe-
rature minerals are formed during their initial and final phases.

Introduction

More than 100 years ago sediments, differing from the rest known pelagic sediment
formations due to their high amount of iron and extraordinary low concentration of
aluminium, have been found near the East Pacific Rise (EPR) axis(Murrey, Re-
nard, 1884). Only during the 60’s of our century, it was proved (CXKop 1 sk 0B a,
1964; Bonatti, Joensuu, 1966; Bostrom, Peterson, 1966 etc.)
that these unique sediments called “metalliferrous” have been widely spread, and that
the anomaly of their composition is related with the additional input of a number of
elements from the oceanic crust by hydrothermal fluids.

The mineral composition of the metalliferrous sediments — one of the most im-
portant characteristics, which reflects the conditions and the history of their formation,
has been studied from the very beginning by scientists. Hundreds of publications are
dedicated to this problem, emphasizing especially on mineral composition study of
sediments’ ore part, using a complex of recent analytical methods.

In this work we tried to characterise the genetic mineral groups of fine-psammitic
and coarse-aleuritic fractions of metalliferrous sediments from the EPR axial zone
(20°307-22°00" S).

Geological Setting

From the very beginning of the purposeful studies on ocean metalliferrous sediments,
the attention of scientists have been drawn by the fast spreading south part of EPR.
The ultra fast spreading (~20 cm/yr.) determines the extremely high hydrothermal
activity in the ridge rift zone and the resulting development of the largest in the world
metalliferrous sediment field. Numerous Russian, American, French and German sci-
entific expeditions have performed various scientific researches in the EPR southern
part, directed towards study of definite aspects of tectonics, lithology and hydrother-
mal processes. .

In 1987/88 the 4th cruise of R/V “Geolog Fersman” (VNII Oceangeologia, St.-
Petersburg) (Fig. 1 A) was carried out in the South-East Pacific with the purpose of
studying the tectono-magmatic processes in the EPR rift zone and the re!ated massive
sulphides and metalliferrous sediments. Samples of metalliferrous sediments along
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Fig. 1. Sketch map of hydrothermal ore-bearing of the EPR south part
(from Kpacuosetal, 1993) — A, and location map of the sampling
stations — B

I — EPR axial zone without graben or with poorly developed one; 2 —
the same but with well developed graben; 3 — zone of overlapping; 4 —
transform fault; 5 — outer boundary of EPR; 6 — contours of the sum
Fe+4-Mn (in %, on a carbonate free basis); 7 — location of the hydrother-
mal vent fields in the EPR rift zone (after Kpacuos et al., 1988;
Marchig et al.,, 1988); a — large fields, &6 — smaller ones, ¢ — hypo-
thetical ones; 8 — location of the sampling stations

5 Geologica Balcanica. 24, 3
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three profiles: at 10, 20 and 40 km accordingly from the spreading axis with average
distance between the cores of 20 km (Fig. 1 B), were taken from the 20°30’-22°00" S
area located between two zones of overlapping, to the west of the ridge axis. The geo-
logical sites location was determined by the dominant transport of hydrothermal-se-
diment material westwards from the ridge (M archig et al., 1986).

The area studied is situated in the EPR axial part of the south arid zone. The spe-
cific character of the ridge segment studied is determined by rather high asymmetric
spreading rates — 9 cm/yr. to the east and 7 em/yr. to the west (Herr on, 1972;
R e a, 1978). Sometimes rift valley is absent here and the cross-sectional rise shape
is characterised by presence of relatively oblique axial bulge. The geophysical investi-
gations performed prove the insignificant thickness of the ocean crust layers in the axial
zone (Kpacuos et al.,, 1993). Detailed morphotectonic characteristics of the ridge
part was done by ITopomuna et al. (1993).

Fields of massive sul phides and high-temperature hydrothermal activity are found
in the ridge rift zone of the area studied (Kpacunoset al,, 1988; Marchig et
al., 1988). During the 4th cruise of R/V “Geolog Fersman” hydrochemical and hydro-
physical studies on the sea-bottom water column have been performed (Kpachos
et al., 1988). The lithological composition, biostratigraphic features (/lesuTtamn
et al., 1990) and the grain-size composition (Dekov, Gurvich, 1991; lexos
et al., 1993) of the sediment samples were studied; their absolute age was determined
(Dekov, Kuptsov, 1990; 1992). Detailed climatic-stratigraphic division of
the sediment cover Upper Quaternary part was done by micropalaeontological and
isotope-oxygen data and palaeotemperature fluctuation reconstructions in the surface
water column were carried out (MBanosa, lexuartomn 1993). The chemical
elements (37 in number, including REE) behaviour in the area sediments was studied
Dekov, 1993; Hexos, TypBuu 1993; Dekov, 1994; ek oB, 1994).

Material and Methods of Investigations

The definition sedimentary formation specifies a sediment body formed under definite
tectonic and physicogeographic conditions (b or 1amunos, 1989). The sedimentary
formation of the active spreading centre builds the basal part of the ocean crust sedi-
ment cover. It lies in disconformity over the basaltic basement, while upwards it is
gradually removed by sedimentary formations formed beyond the rift active part.

The metalliferrous calcareous sediments of the sedimentary formation of the sprea-
ding ridge studied are represented mostly by pelitic and some aleuritic-pelitic and fi-
ne-alueritic cozes (Il e k o B et al., 1993). That is why, the mineralogical studies of
the sediment material started with investigation of their high dispersion part (iraction
>1p m). It was established to be composed of mostly X-ray amorphous and poorly
crystallized oxyhydroxides of Fe and Mn (b ar u u et al., 1993) and Fe-montmoril-
lonite (D e k o v et al., 1993). The mineral composition investigation of aleuritic and
psammitic sediment fractions was the next stage of the mineralogical studies. As the
coarse-aleuritic (0.10-0.05 mm) and fine-psammitic (0.50-0.10 mm) fractions are ac-
cessible to standard optic studies from one side, and compose relatively 50% of the ale-
uritic and psammitic fractions respectively (e k oB et al., 1993), from the other
side, we conducted more limited study only of these fractions believing the result
representation was not disturbed.

One of the major ideas of this work was determination of minerals — indicators
of massive sul phide fields and of hydrothermal activity history in the rift. The usage
of one or other genetic mineral groups of the sedimentary formation of the spreading
ridge as indicators of the hydrothermal activity development and their importance for
submarine sulphide ore prospecting requires above all establishment of spatial-time
links of these groups with the known ore-mineralizations. With that purpose in mind,
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we studied the topmost (0-2 cm) liquid sediment layer of all sites (Fig. 1B) and samp-
les from selected core horizons. The amount of samples taken was fixed to 100 ml na-
tural wet sediment. The separation of the heavy and light subfractions was accomplish-
ed using standard methods (wet sifting, partition with bromophorm, specific gravity
2.9, afterwards the subfractions were examined under stereomicroscope in order to count
the grains and separate minerals for further XRD-studies with JIPOH-2, 57.3 mm X-
ray camera Gandolfi, scanning electron microscopes JEOL T-300 and JEOL Super-
probe-733 with X-ray microanalysers LINK 860-500 and System-5000 ORTEC, res-
pectively. The coare-aleuritic fraction was examined under polarisation microscope
in immersion liquids after separation of heavy and light subfractions.

Results and Discussion

The mineral composition of the sediments from the area is variegated and qualitati-
vely varies slightly in space. This is determined by the similar conditions of sediment
deposition (remoteness from the landmasses, ocean depth, bioproductivity in euphotic
region). The detailed studies showed that the sedimentary formation of the given sprea-
ding centre is polygenetic. Seven mineralogical genetic groups participate in the for-
mation: 1) biogenous; 2) terrigenous; 3) hydrothermal; 4) basaltic; 5) diagenetic; 6)
hydrogenetic and 7) cosmogenic.

1) The biogenous group is represented by carbonate foraminiferal tests (psammite-
aleurite) and coccolithophores (fine pelite). Carbonate detritus is also present. The
other biogenous mineral — the opal, in the form of spongey spicules and skeletal re-
mains of diatoms, radiolarites and silicoflagellates, is very scarce.

2) The pertainance of the area studied to the arid zone and its remoteness from the
landmasses determine predominantly eolic nature of the terrigenous minerals in se-
diments and their insignificant presence. The terrigenous input in sediments is main-
tained by winds from South America and is determined by the petrographic composi-
tion of outcropping rocks.

The sediment quartz grains are smoothed out Plate I A, B), milky-white to dull-
transparent, sometimes with dark inclusions (ore minerals, rutile, etc.). Grains partly
covered with iron hydroxide coatings are also found.

The acidic plagioclases, potassium feldspars (mostly microcline), garnets, amphi-
boles are also well smoothed out.

The micas are represented mainly by green and brown-green biotite. Muscovite is
almost constantly found, but in smaller amounts. The micaceous flakes are always ex-
tremely well smoothed out.

The acidic volcanic glass with refractive index n=1.500-1.502 (riolite type) is
rarely met; varieties of the andesite series (n=1.510-1.516) are also present.

Single grains of rutile, zircon, distein and staurolite are rarely found.

3) The results from the studies helped to refer to the minerals-indicators of hydro-
thermal activity the Fe-oxyhydroxides, sulphides of Fe, Cu and Zn, Mn-oxyhydroxi-
des crusts, barite, atacamite, hydrozincite and zincite (hydrothermal group),_whlph
appearance is connected with hydrothermatl activity in the rift zone. Their spatial dis-
tribution is probably controlled by the rate and direction of sea-bottom currents and
power of the hydrothermal system. )

Fe-oxyhydroxides are most widely distributed among the minerals of this group.
Their content near the hydrothermal fields constitutes tens (to 80) percents of the heavy
subfractions. They are represented by the following formations:

— mostly X-ray-amorphous, powdery, nontransparent clayey-ferrous aggregat.es
of yellow, red, brown-red, brown and dark brown colour (Plate I C). They are built
up of finegrained mass of Fe- and Mn-oxyhydroxides, clay minerals and coccolithes
(less) with irregularly distributed dispersions of dark-brown microglobules of Fe-hy-
droxides (Plate 1 D);
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— red, brown-red and black-brown thin films (incrustations) over the surface of
the foraminiferal tests. Fhe oxyhydroxide coatings smooth the roughness between the
calcite morocrystals building the tests (Plate I E) or {ill their foramens (Plate IF);

— ferrous particles in the form of glebules with black-brown and black colour.
They are concentrated in coarse-pellitic and fine-aleuritic fractions:

— compact, nontransparent and colloform ferrous crusts with sharp uneven edges
and black-brown colour (Plate I G). Separate areas of the crusts are colloform (Plate
1 H), built up of amorphous Fe-oxyhydroxides. Different stages of crystallization of
the primary amorphous oxyhydroxide mass is well observed (Plate II A) on some parts
of crust surface. The XRD data reveal presence of amorphous Fe-oxyhydroxides and
goethite at different degrees of crystallization.

The crust surface is scmetimes caverncus, bubbled. The general mass around the
caverns is crystallized to different degree (Plate 1I B). Bacteriomorphous structures
of the same ferrous oxyhydroxides are often met on the surface (Plate II C), which re-
veals possible presence of bacterial participation in Fe-fixation:

— semitransparent, yellowish-green, yellowish-orange, red silica-ferrous gels in
the form of colloform lumps with microgiobular structure (Plate 11 D). The refractive
index n varies from 1.53 to 1.56. The particles colcur depends on the quantitative pro-
portions between the Fe-oxyhydroxides and SiO,am.

According to SEM data, the gel has crystallized in local parts (Plate 11 E) and has
flake structure, characteristic for the autogenic iron smectite from the metalliferrous
sediments of the Atlantis-II Deep, Red Sea, studied earlier (ByTy3oBa et al.,
1979). The different distribution density and dimensions of the crystals reflect the va-
rious stages of gel crystallization process.

The XRD studies reveal that crystallized phases, represented by microcrystalli-
ne goethite and Fe-montmorillonite, are present in the XRD-amorphous gel mass.
Crystallization of amorphous Fe-oxyhydroxides and SiO,a, with formation of the above
mentioned phases cccurs probably during the process of transformation conversion
of the sediment cover.

It was established that the distributicn of oxyhydroxide iron mineral formations
around the hydrothermal systems is different. Fe-umbers, compact black-brown Fe-
crusts and colloform semitransparent aggregates of Fe-oxyhvdroxides and SiO,., ac-
cumulate in the close proximity of the massive sulphide chimneys. At the same time,
the powdery clayey-ferrous aggregates and the ferrous microglobules are more or less
regularly spread in area sediments and are met at a distance of 40 km from the ridge
axis.

The Fe, Cu and Zn sulphides in the form of fine sulphide suspension are drifted
by the hydrothermal plume, precipitate and accumulate in the metalliferrous sediments
next to the hydrothermal vents, marking them clearly. Pyrite is the most widely spread
(Plate II F), then follow the chalcopyrite and sphalerite. Marcasite is quite rare. The
sul phides studied are subdivided in detrital and globular ones according to their form.
The first ones are in the form of single large crystals or their fragments; the second have
globular, smoothed or spheroid form.

The manganese oxyhydroxide crusts (according to XRD microanalyser data) are
black, sooty, very fragile, fine-psammitic size, in the form of slightly curved lamellas.
Their amount increases to the ridge axis. . .

Barite is established in single colourless crytstals with tabular form, like micro-
geodes of irregularly accretion crystals or crystal accretions with globular form and
white colour. )

Atacamite is observed in most of the samples studied in the form of greenish, light
blue, blue, powdery, nontransparent and semitransparent aggregates. No clear attach-
ment to hydrothermal vents is observed. o

Flakes and crusts of hydrozincite with convex-concave form like single findings are
established in many samples. Their colour is white, slightly yellow, reddish. Zincite
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is observed in white, yellowish-white “clews”. Increasing of the amount of hydrozin-
cite crusts and zincite “clews” is found towards the known ore-manifestations.

4) The formation of basaltic sedimentary material is connected with the tectonic
processes, which are spatially attached to the rift tectonic zene. The basaltic group is
represented by fragments of basalts, basaltic glasses and mineral grains (plagioclases,
pyroxenes, olivines) from rocks disintegrated on the sea-bottom. The grain size of the
basaltic clastics varies from coarse aleurite to gravel.

Basaltic fragments with psammitic-gravel size are found only in sediments from
the 10 km profile sites. Their amount increases downwards the section. Most of the
fragments are angular, fissured, covered with palagonite crusts.

Fragments of basic glass with dark grey, brown-black to black colour are disper-
sed in the area sediments. They are angular, bubbled, sometimes with fissures (Plate
11T A, B). Phenocrysts of olivines (Plate 111 C), pyroxenes, basic plagioclases are often
observed in glass fragments. Besides fresh, altered glasses (palagonite formation) are
met in the sediments. Dark green mossy accumulations with distinct boundaries, in-
tercalated like “sweets”, are often met on the glass fragments surface (Plate 111, B,
D). These are probably aggregates of clay minerals, formed as a result of halmyrolytic
alteration (submarine weathering) of phenocrysts from basaltic glass.

The altered glasses are covered by yellow, orange, red palagonite coatings at local
parts or on the whole surface. The basaltic fragments are sometimes completely alte-
red, and only palagonite coatings remain (Plate 111 E), which conserve the morpho-
logy of the primary glasses. The coatings outside are smooth, mat (Table 111, E, F),
while reniform geodes of fine septal crystals (Plate 111 G) are observed inside. This
phenomenon reflects the process of palagonite recrystallization in clayey minerals.

The palagonite, being more fragile, is strongly disintegrated than the nonaltered
glasses. Insignificant admixture of palagonite crust fragments is revealed in the se-
diments.

The olivines, part of the pyroxenes, ilmenite (Plate 111 H), Ti-magnetite, basic
plagioclases are referred to the basaltic minerals.

The heavy subfraction of fractions studied, consisting mostly of hydrothermal (red
to brown-black clayey-ferrous aggregates, brown-black ferrous and black manganese
crusts), terrigenous (amphiboles, pyroxenes) and basaltic (olivines, pyroxenes, epido-
tes, altered undetermined rock fragments) minerals, is in the range of 0.1-1.0%..Its
amount is relatively high — up to 0.9-1% in sediments from the 10 km profile sites
(st. 187, 189). Grains of pyrite and fragments of Fe- and Mn-oxyhydroxide crusts are
found in almost all studied horizons. The amount of olivines usually exceeds 50% o/f
the heavy subfraction, while the Fe-oxyhydroxide aggregates constitute almost 20%
of it. The amounts of olivines and ferrous aggregates in this subfraction from 20th km
profile are approximately equal — 20-40%. The olivines at the 40th km from the ridge
axis are less than 10%, pyroxene findings are very rare, while the Fe-oxyhydroxide
aggregates compose the main mass of the heavy subfraction (>90%). These facts are
explained by the basaltic origin of the olivine. During disintegration of basalts from
the extrusive axial zone this mineral falls into the sediments nearby due to its high spe-
cific gravity. The hydrothermal ferrous aggregates are transported by the plume and
currents at long distances. Probably they enlarge during the transportation and after
deposition. .

The light subfraction usually covers more than 99% of the coarse-aleuritic frac-
tion and is composed almost exclusively by organogenic CaCO, (foramitlnferal tests
and their detritus). Its abiogenic part was studied after treatment by 5% HCI. The
general mass is represented by orange-brown oxydized fragments — >50%. Quartz,
feldspars, micas, volcanic glasses, chloritized fragments, palagonite, altered undeter-
mined grains are present. The basic varieties (basaltic) dominate among the'feldspars
and volcanic glasses. Negative correlation of the amounts of ba51c.volcamc glasses
and plagioclases with the distance from the spreading axis is establ ished.
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5) The diagenetic formations in area sediments are represented by iron-manganese
micronodules and radial-ray phosphorite sphaerolites.

Iron-manganese micronodules are spread irregularly in the area sedimentary cover
and pertain to the coarse-aleuritic and psammitic fractions. They are black-brown,
black, with irregular shape and sooty, uneven, hilly surface (Plate 1V A). Their sur-
face and inner structure are microglobular (Plate IV B). The X-ray microanalyser and
XRD-data reveal that the micronodules are composed of X-ray amorphous Fe- and Mn-
oxyhydroxides.

Fragile radial-ray phosphorite sphaerolites (Plate 1V C) with white colour and
psammitic size are found in the sediments from the 10 km profile sites only. Forami-
niferal tests often serve as their growth centre (Plate IV D). The sphaerolites are
composed of thin (~4p m), long (up to 300p m), needle-like crystals (Plate IV D)
of phosphorite composition. We could not establish any definite regularity in their
distribution in the sediment section.

The diagenetic nature of the Fe-Mn micronodules dispersed in the sediment cover
of the region is beyond doubt (Bornamnos et al., 1979, etc.). They are typical for
the normal pelagic sediments of the given climatic zone.

The inner structure of the phosphorite sphaerolites, their growth around centres,
as well as some ideas of previous researchers (b aTy p un, 1978) are indicative of
their diagenetic origin.

6) The elements in the hydrogenic formations accumulate by slow deposition from
the normal sea water (Bonatti et al., 1972). The mineral formations of this
genetic group are extremely rare in sediments studied, and are represented by Fe-Mn
crusts and micronodules. The results from the investigations proved that the latter are
built up of X-ray amorphous oxyhydroxides of iron and manganese mostly.

The thin (0.1-1 mm), sooty, black iron-manganese crusts lie directly over the sur-
face of fresh and palagonitized basaltic glasses (Plate 1V E) and fragments. Their sur-
face is hilly, microglobular.

Black, spherical, ellipsoid iron-manganese micronodules (0.1-0.5 mm) with hilly
surface are found only onto the surface of fresh basaltic glasses and fragments (Plate
1V F).

The hydrogenic mechanism of formation of Fe-Mn oxyhydroxides on the sediment
surface and the outcropping basement of the ocean crust is well treated of in literature
(Kponewn, 1982; Bornaunos et al., 1990, etc.), although some details are sub-
jected to discussions. The direct link of the crusts and micronodules studied with the
basaltic substratum and the low sedimentation rates in the region (Dekov, Kup-
t sov, 1990; 1992) allow to suggest a hydrogenic way of formation. The oxyhydroxide
crusts and micronodules could be formed in this way, either onto basaltic glasses and
fragments lying on sediment surface, or on the surface of basalts from the extrusive
zone, where from they could disseminate in the sediments as a result of tectonic disin-
tegration.

7) Cosmogenic component in the form of space dust is always present in accessory
amounts in ocean sediments (/1 u ¢ ¥ 1 b1 H, 1974; 1978). Spherical (Plate IV G) and
drop-like particles of psammitic size and characteristic slag surface (Plate IV H) are
rarely found in the investigated metalliferrous sediments. They are magnetic with Fe-
Ni composition mostly, while the silicate ones (Plate 1V G), being less, are built up
of Fe-Mg silicates with insignificant contents of Ni (X-ray microanalyser data). The
shape, surface character and composition of these particles reveal their cosmic genesis.

* % %
As evident from the discussion, many minerals (hydrothermal group), which could

be recommended as criteria of submarine sul phide ore prospecting, accumulate in the
fine-psammitic and coarse-aleuritic fractions of metalliferrous sediments from the vi-
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Fig. 2. Vertical distribution of Fe and some mineral components in core 121
I — samples of high contents of eolic quartz; 2 — samples with established barite crystals

cinity of the hydrothermal systems. The best indicators of sulphide ore mineralisation
at the area studied are the particles of Fe-, Cu- and Zn-sulphides; barite; Fe-umbers;
compact, black-brown Fe-crusts; black, sooty Mn-crusts; colloform semitransparent
aggregates of Fe-oxyhydroxides and SiO,,,, which amount in the sediments regularly
increases towards the hydrothermal fields.

The proportions of the mineral components in the sediments vary considerably in
space and time (along the core depth).

When analysing the mineral composition of sediments in order to solve problems
concerning the hydrothermal activity of the spreading centre at 21°S EPR, it is impor-
tant to differentiate the components, which compose the sediments -— the pelagic back-
ground and those, which are related with volcanism and hydrothermal activity. Atten-
tion should also be paid to redeposition of sediment material (st. 86, 96, 123), as it
could be an indicator of tectonic and volcanic activity of the given ocean floor struc-
ture.

The main sediment forming material, which forms the pelagic background, con-
sists of biogenic CaCO, and teriigenous clastic and clay minerals. As mentioned above,
the mineral composition of the allothigenous part of the sediments from the region is
determined by the petrographic composition of the supplying area — granite-gneiss
mineral complex (quartz, feldspars, micas, zircon, apatite, garnet, staurolite, disthein,
rutile, sphene, etc.).
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PLATEL

SEM photomicrographs: A — well polished grain of eolic quartz; B — typical “eolic” reliel of the]
surface (smooth, ground, with V-shaped traces) on the same enlarged grain (Plate I A); C — powdery,
clayey-iron aggregate (non-transparent, yellowish-red under stereomicroscope); D — enlarged sur-
face of the same aggregate. The basic fine-grained mass and included microglobule can be seen; E —
surface of foraminiferal test. Sharp edges of calcite monocrystals and fine-grained oxyhydroxide
incrustations in the unevennesses among them are seen; F — foraminiferal test surface with foramens
filled by oxyhydroxide mass; G — compact, colloform iron crust with sharp edges (non-transparent,
brown under stereomicroscope); H — enlarged colloform area of the same crust.

PLATEIL

SEM photomicrographs: A — part of the surface of iron crust. Different stages of crystallization of
initially amorphous oxyhydroxide mass can be distinquished; B — cavernous, bubble part of the
surface of iron crust; C — Fe-oxyhydroxide bacteriomorphous structures on the surface of iron crust;
D — colloform lump of silica-iron gel (semi-transparent, yellowish-green under stereomicroscope);
E — crystallized part of the same gel. Flake-shaped crystals are seen; F — microgeode of pyrite.
Well-shaped cubic crystals are seen (with metallic lustre, greenish-yellow under stereomicroscope).

PLATE IIL

SEM photomicrographs: A — angular, vesicular piece of basic glass (dark green under stereomicros-
cope). Conchoidal fracture and spherical cavities of open gas blebs are well seen; B — angular, vesi-
cular piece of basic glass (black-brown under stereomicroscope). Spherical cavities of open gas blebs
are seen; C — magnificent phenocryst of olivine sticking up from a piece of basic glass (Plate 111 A);
D — mossy heaps (dark green under stereomicroscope), sticking up from a basic glass piece (right
part of Plate 11l B); E — palagonite coating (orange red under stereomicroscope) of completely
altered piece of basaltic glass. The primary morphology of the glass is well preserved; F — enlarged
upper right part of the same coating. The mat outer and the crystallized inner surfaces of the coating
are seen; G — enlarged reniform geodes of septal crystals of the inner surface of palagonite coating
(Plate 11l F); H — well formed ilmenite crystals.

PLATE IV.

SEM photomicrographs: A — Fe-Mn micronodule of irregular form with sooty and hilly surfdce;
B — enlarged fracture of the same micronodule. Microglobular inner structure is observed; C — ra-
dial-ray phosphorite sphaerolite (white under stereomicroscope); D — fragment of the inner part
of phosphorite sphaerolite. Crystallization nucleus of forminiferal test is seen; E — fresh, angular,
bubbly peace of basaltic glass (the left part is seen), covered with fine, Fe-Mn crust of hilly surface
(the right part of the particle); F — spherical Fe-Mn micronodule of hilly surface onto the fresh piece
of basaltic glass (Table IV E); G — cosmogenic spherical particle;, H — enlarged fragment of the
surface of the same particle. Typical slag surface is seen.
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The volcanogenic-basaltic clastics (including the green-stone altered one), the hyd-
rothermal-edaphic material (products from destruction of hydrothermal mounds) and
solid fine particles, formed like suspension near the hydrothermal vents mouths and
transported later by the sea-bottom currents, should be mentioned among the “local”
material. The hydrothermal suspended particles are represented mostly by Fe-and
Mn-oxyhydroxides in the sediments of the hydrothermal fields.

The dispersed basaltic material, as mentioned above, is present in the whole se-
diment cover of the area as a product of destruction of the fragile glassy chilling zone
of basalt. The process of destruction still continues, and the findings of dispersed glass
in the sediments reveal that vulcanites are outcropped on floor and the rift zone is cha-
racterised by high seismicity.

The graphics of vertical distribution of the major hydrothermal geochemical in-
dicator — iron (on a cerbonate free basis (CFB)), and of some mineralogical indicators
of volcanism and hydrothermal activity (in relative units) in core 121 are represented
on Fig. 2. The Fe-distribution in time reflects the intensity of hydrothermal processes.
Two hydrothermal cycles are established. During these cycles, the amounts of sulphide
particles, powdery clayey-ferrous aggregates, compact brown-black ferrous crusts and
colloform semitransparent lumps of Fe-oxyhydroxides and SiO,., in sediments in-
crease. The amount of fractions < 10p m increases also. A considerable part of the eje-
cted hydrothermal material from the black smokers is probably concentrated in this
part of the grain size spectrum (Dekov, Gurvich, 1991). Before and after the
hydrothermal cycles, the amounts of volcanic glass, basic plagioclases, olivines and
magnetite increase (up to several times). Deposition of these minerals in the beginning
and the end of the hydrothermal stages probably testifies for basalt destruction growth,
whichtis related either with the tectonic movements, or with rising of the volcanic
activity.

Two other groups, absent from the background sediments, are selected among the
clastic minerals. The first one includes minerals from the epidote group, chlorite and
altered undetermined fragments. These minerals in the given region could be geneti-
cally bound only to the green stone altered volcanic rocks. As such relatively abyssal
rocks do not outcrop the ocean floor within the rift structure studied, the mentioned
minerals could be formed during the basalt alteration, caused by high temperature hyd-
rothermal fluids, and could disperse in the water column and sediments during the
volcanic stages (before and after the hydrothermal).

The second group includes fragments of Mn-crusts and barite. As these mineral
formations are of low-temperature, they probably mark the initial and final low-tem-
perature phases of hydrothermal stages (Fig. 2).

Similar phenomena are described in literature for the slow spreading Mid-At}an-
tic ridge — TAG hydrothermal field (Jlucwnu b u et al., 1989) and for the ridge
with middie spreading rate — Juan de Fuca (Borngamuos, 1990). Hydrothermal
processes with different intensity are observed in rifts with various spreading rate.
Volcanic stages, during which the hydrothermal activity subsides, follow the hydro-
thermal ones in the slow- and middle-spreading ridges. Nonmetalliferrous sediments
are formed, while the volcanic stages are clearly marked by horizons almost completely
composed of volcanoclastics. The hydrothermal activity relatively subsides during
the volcanic stages and “bursts” again after them on the fast-spreading ridge studied
(21°S EPR). As aresult, uninterrupted (along to the section) cover of metalliferrous
sediments is formed. The pattern becomes more complicated by the simultaneous ac-
tion of several hydrothermal fields. That is why the indicator of the volcanic stages
(the volcanoclastics) is not so contrastly expressed.
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Conclusion

The mineral composition of the fine-psammitic and coarse-aleuritic fractions of sedi-
ments studied is determined by the following factors: area’s appurtenance to the south
arid zone and axial part of the ultra fast-spreading ridge with high hydrothermal ac-
tivity, remoteness from landmasses, ocean depth. The sedimentary formation of the
investigated spreading segment is polygenetic. Seven genetic mineral groups partici-
pate in its formation: biogenic, terrigenous, hydrothermal, basaltic, diagenetic, hydro-
genic and cosmogenic ones. The pelagic background is formed mostly by biogenic CaCO,
and terrigenous (eolic) clastic and clay minerals. The diagenetic and hydrogenic mi-
neral formation processes are less important in the environment. The tectono-magma-
tic activity in region supplies specific local material in the sediments — volcanogenic-
basaltic, hydrothermal-edaphic and hydrothermal-sedimentary.

Many minerals (hydrothermal group), which could be recommended as criteria for
submarine sulphide ore prospecting, accumulate in the metalliferrous sediments of
the spreading sediment formation. The best indicators for sulphide ore mineralisation
of the area studied are: Fe-, Cu- and Zn-sul phides; barite; Fe-umbers; compact, brown-
black Fe-crusts; the black, sooty Mn-crusts; colloform semitransparent aggregates of
Fe-oxyhydroxides and SiO,a.n. Their content in the sediments regularly increases ap-
proaching the hydrothermalfields. Their spatial distribution is controlled by the rate
and direction of sea bottom currents, and by the location and powder of the hydro-
thermal system. '

" Regular variation of the mineral composition of investigated sediment fractions
is observed during the cyclic tectono-magmatic development of the spreading centre.
The amount of volcanogenic-basaltic minerals increases before and after the hydro-
thermal cycles (during the volcanic ones). The concentration of hydrothermal-sediment
minerals in sediments increases during the hydrothermal cycles. Low-temperature mi-
nerals are formed during their initial and final phases.
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