
23

Thc C analian M brc ralo g i s t
Vol. 34" pp. 23-28 (1996)

THE FIRST REPORT OF COBALT PENTLANDITE
FROM A MID-Af,LANTIC RIDGE HYDROTHERMAL DEPOSIT

NADEZ{DAN. MOZGOVA
IGEM P'/.S, Snromonetny 35, Moscow, 109017, Russia

SERGEY G. KRASNOV
WllOkeangeologiya, Angliysl<y Prospect 1, St. Petersburg, 109121, Russia

BORIS N. BATTIYEV
PMGRE, Sevmargeologiya Associatio4 Pobedy, 24, Inmonosov, 189510, Russia

YLIRY S. BORODAEV
Departlnent of Geology, Moscow State University, Moscow, 119899, Russia

ANDREYV. EFMOV
IGEM P,AS, Staromnnetnt 35, Moscow, 109017, Russin

WADIMIR F. MARKOV
PMGRE, Sevmnrgeologiya Associntion, Pobedy, 24, Inmorwsov, 189510, Russin

TAMARAV. STEPANOYA
Wllokeangeologiya, Angliyslcy Prospect l, St. Petersburg, 109121, Russia

ABSTRACT

We report the first occurreuce of cobaltpentlandite in oceanic deposits at 14'45'\ Mid-Atlantic Ridge (MAR). The mineral
occurs as small (ess than 20 Um), round to irregular grains and aggregates associatei witl chalcopyrite, bomite, isocubanite,
chalcocite, digenite, with minor pyrite and marcasite, and with rare covellite and Au-bearing zincian copper. On the basis of
twenty-two analyses, the compositional range (in wt To) is: Co 42.9-53.9,Ni7 .2-12,4, Fe 3.4-5.5, Cu 0.7-9.4 and S 3L.G329.
Seventeen of the twenty-rwo compositions plot bet'ween MenSs and Me15S13. The narrow range of sulfur contents corresponds
closely with those of synthetic pentlan&te (44.2-47.9 at.%o).T\e cobalt content of a pentlandite-group mineral depends on the
mineral assemblage with which it is associated-

Keywords: cobalt pentlandite, Mid-Atlantic Ridge, electron-microprobe data.

SomaLnr

Nous ddcrivons le premier exemple de cobalt pentlandite d'un gisement oc6anique, situ6 e 14'45'N sur la cr6te m6dio-
atlantique. h sulfire se pr{sente sous forme de petits (40 pm) grains ronds ou irrdguliers et en agr6gats, associ6s i
chalcopyrite, bomite, isocubanite, chalcocite, digenite, avec pyrite et marcasite accessoires, et covellite et cuivre zincifdre et
aurifbre rares. Nous avons effectu6 vingt-deux analyses, qui documentent les intervalles suivants, en pourcentages pond6raux:
Co 42.\53,9,Ni7 ,2-12.4, Fe 3.4-5.5, C! 0,74.4, et S 31.G- 32.9. Dix-sept des vingt-deux compositions se situent entre les
stoechiomdtries MeeSr et Me15S13. L'intervalle restreint de teneurs en soufre correspond 6toitement ! celles de la pentlandite
synth6tique (44,2-47,9Vo, en termes atomiques). I,a teneur en cobalt du mineral du groupe de la pentlandite d6pend de la nature
des min6raux associ6s.

(Iraduit par la R6daction)

Mots-cl6s: cobalte pentlandite, crdte m6dio-atlantique, donn6es de microsonde 6lectronique.
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Frc. la. Location and morphology of the l4'45'N
Mid-Atlantic Ridge (MAR) hydmthermal field- 1: rift-
valley floor, 2: volcanic zones, 3: crests of linear highs
flanking the rift valley, 4: cress of linear highs on the
rift-valley slopes, 5: transverse dislocations, 6: position of
area in Fig. lb.

INTRoDUSrtoN

Cobalt pentlandite (Co,Ni,Fe)eSs was first described
by Kuovo et al. (1959) from several localities in
Finland. Subsequently, it was reported from various
localities world-rvide (Stumpfl & Clark 1964, Peftuk
et al. 1969, Haris & Nickel 1972, Lindahl 1973). The
cobalt contents of cobalt-bearing pentlandite range
from less than 10 at.Eo ta morc than 80 aLTo within the
(Co,Ni,Fe) sites. As noted by Harris & Nickel (1972),
all compositions of cobalt pentlandite fall within the
solid-solution field of syntletic pentlandile. Guidelines
fq1 naming mbmbers of a solid-solution series were
recently published by Nickel (1992). In a partial solid-
solution series where the known compositions exteud
beyond the 50Vo mark, for example pentlandite
(Ni,Fe)eSs, the composition of which centers on Ni:Fe
= 1:1, and where the end members are not knpwn, only
one name should be given to the compositiohal range.
For the colalt-bearing pentlandite, the name cobalt
pentlandite is used for compositions where Co is the
major componentin the (Co,FeNi) sites, and cobaltian
pentlandite is used for the other compositions of
cobalt-bearing pentlandite.

Variations in Ni/Fe ratio of synthetic and natural
pentlandites in relation to assemblages of associated
minerals have been discussed by several authors.
Lindahl (1973) indicated that tle cobalt content of
cobalt-bearing pentlandite reflects the sulfide assem-
blage in which it occurs. Where the mineral occurs
with linnaeite or cobalt arsenides, the Co content is
more than 8O x.Vo in the (CoNi,Fe) sites; where it
is associated with pyrrhotite - chalcopyrite - cubanite
- sphalerite assemblages, the Co content ranges from
50 to 80 at.7o; in Co-Ni ores dominated by pyrrhotite -
pydte - chalcopyrite, the Co conlent ranges from 10 to
55 at.Vo. The Co content of normal pentlandite is
generally below 10 at.7o.

Cobalt-bearing minerals have not been reported
from massive sulfide deposits on the ocean floor, even
though up to 0.5 wt.Vo Co has been reported in sulfide
aggregates from a near-axis seamount at 12'50'N
East Pacific Rise (Hekinian & Fouquet 1985). In a
comparison of massive sulfide deposits from
sedimented oceanic ridges with ancient sediment-
hosted Besshi-type deposits, Zieretberg et al. (1993)
noied that cobalt minerals are common in Besshi-type
deposits, but not in occurrences on the present-day
seafloor. Pentlandite has been reported in stongly
altered gabbro from the Carlsberg Ridge in the Indian
Ocean @ozanova & Baturin 1971, Rozanova LW2)
and from the Gorda Ridge in the Pacific Ocean (Hart
et al. l9X)), but no data on cobalt content were given.

In this paper, we describe the first find of cobalt
pentlandite in an ocean-floor deposig at 14o45'N,
Mid-Atlantic Ridge (MAR). The samples were
obtained by a TV-contolled hydraulic grab sampler at
a depth of about 3000 m.

Gwm.ALDrscnprroN
OF TID HYDROTHMMAL FTN,:D

The hydrothermal fleld within the MAR rift valley
was discovered in late 1993 during cruise 7 of RA/
"Professor Logatchev" organized by the Sevmor-
geologiya Association, St. Petersburg @atuev et al.
1994, Krasnov et al. 1995a). The field lies within an
uplifted block of the rift valley, adjacent to its eastem
wall (Fig. 1a). llltramafic rocks (peridotite, pyroxenite
and serpentinite) along with gabbro are prominent
within the block. Basalt is less common and totally
absent within ttre area of hydrothermal activity
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Ftc. lb. Geological map. l: nafic and ulhamafic rocks, 2: rocks talus, 3: carbonate sediments, 4: sulfide mounds, 5: sulfide

sediments, 6: low-temperature hydrothermal deposits, 7: black smokers, 8: shimnering waters, 9: sample sites;
l0: hydrothermal benthos communities.

@ig. 1b). Ttvelve sulfide mounds up to 20 p high wgls
mapped. The largest mound is about 200 x 100 m in
plan. Two black smokers were observed on its top, but
no chimneys appear on the photographs, and chimney
fragments are rare among the sulfide samples (Krasnov
et. aL I995b). The position of the sampling sites is
shown in Figure lb.

Occunnmtce AND Assocr,mox
oF CoBALT hNu,axorre

Cobalt pentlandite occurs in sample 9 (Fig. lb) as

small (less than 20 pm) round to irregulm grains and
aggregates associated with chalcopyrite, bornite,
isocubanite, chalcocite, digenite; minor pyrite and
marcasite are present, as are rare covellite and Au-
bearing zincian copper. Cobalt pentlandite commonly
occurs in bomite veinlets or is partly rimmed by
bornite and digenite in a chalcopyrite matrix. Thin
veinlets ofchalcocite cut cobalt pentlandite and bomile
(Fig. 2). Under reflected light, cobalt pentlandite is
white, without pleochroism or anisotropism. Compared
to chalc-opyrite, its reflectance and hardness are higher.
The grains are too small for quantitative measurements.
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Flc. 2. Back-scattered electron image of two inclusions of
cobalt pentlandite (grey) in aveinlet ofbornite (ight $ey)
within a matrix of chalcopyrite. Thin veinlets of chalcocite
(white) cut the chalcopyrite and the veinlet ofbornite. The
scale bar at the bottom of the image is l0 p"rn. The com-
positional profile was measured along the travene shown.

CrumcerDlm

The average concenfration of eigftt elements in
sample 9 and several large (tens to hundreds of kg)
bulk samples is listed in Table 1. The cobalt pentlandile
identified in sample 9 was analyzed on a CAMEBAX
elecfton microprobe operated at 20 kV, 20 nA, using
the following standards and X-ray lines: pure metals
(CoKa, NiKoq FeKa, CuKcr) and FeS, (SKcr). Results
of the electron-microprobe analyses are listed in

TAEIJ Z RESI'LIII OF Er.ECTRCN-MICRCFROBB ANALYSBS OF
@BALT PBIN.ANDITF" 14'45N, TdIIFAII.ANIIC RIDGE
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Table 2. Given the amount of copper present, the
mineral can be considered a cuprian cobalt pentlandite.
The microprobe analyses show that some gtains are
homogeneous, whereas others are zoned, 'rpith the
central portion richer in Cu and Fe, and poorer in Co,
than the outer zone. Statistical teament of the twenty-
two data sets shows a positive correlation betwesn
concentrations ofFe and Cu, and a negative correlation
between the concentration of each of thesg elements
and Co Clable 3). The sulfur contents Qn at.Vo) are
plotted on a frequency-disnibution diagram (Fig. 3).
The results show a slight sffi to the metal"rich side
of the ideal formula MesSs (47.O5 at.7o S). The
compositions are within the range of sulfur contents

| 429 9.6 5J 9.4
2 442 9.1 5.1 &1
3 &t 9.1 5J 63
4 62 9.1 43 5.4
5 4&6 roj 43 39
6 8,1 9.6 4.0 43
7 499 rcn 43 3.0
8 92 12-4 4:t 03
9 505 9.1 4.0 3,4
r0 51.3 8J 4.0 L4
t1 J1.4 92 43 2;l
12 'tt rM 46 1.6
13 51.6 10' 4! lE
t4 5L0 9A 42 L5
rt t24 l0.l 4A l:l
16 523 96 3J 2.4
u 526 103 45 09
18 52"6 9.1 3J )-l
19 52.6 99 39 r.4
m $.1 8.4 4.0 23
2L 53A &4 4.0 2.4
2 53.9 9.1 3,4 2i
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TABLB 3. CORRB.AIION @EFFISE{TS BE'TWBAN @NSNTRA'NONS OF
EI,IMB{TS IN @BALT PB{TL{T{DITB, MID-ATLANNC RID(IE
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(46.247.9 at.Vo) fot synthetic pentlandite with
Fey'Ni = 1.0 quenched from 600'C (Shewman & Clark
1970). Comparison of our data on cobalt pentlandile
with data from several land-based deposits (Fre. a)
reveals that the ocean-floor compositions are closest to
those found in the deposits in Finland and Norway,
where cubanite is one of the principal sulfide minerals.

DscussroN

The nonstoichiometry of pentlandite has been
discussed by Hanis & Nickel (1972). Many authors
have noted that both natural and synthetic pentlandites
as well as cobalt pentlandite are stghtly sulfir-
deficient (Curlook & Pidgeon 1953, Stumpfl & Cla*
1964, Knop et al. L965, Shewman & Clark 1970).
However, Harris & Nickel stated that the evidence for
appreciable deviation from a 9:8 metal:sulfru ratio is
not strong because the sulfur values were not
considered suf fi cientlv accurate.
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Ftc. 3. Frequency distribution of sulfur contents (alVo) n
ocean-floor cobalt pentlandite. Me1g.S15 and MeeSg
represent range of sulfur proportions in synthetic
pentlandite (after Shewman & Clark 1970).

[s.& nl

Frc. 4. Plot of proportions of Co, (Fe + Cu) and Ni in ocean-
floor cobalt pentlandite and some land-based occurrences.
Symbols: full squares: this study; open triangles:
Kongsfiell, Norway, pyrrhotite - chalcopyrite - cubanite -
sphalerite assemblage (Lindahl 1973); plus signs:
Varislahti, Finlan{ pyrrhotite - cubanite - chalcopyrite
assemblage (Kuovo e/ al, 1959): crosses: Outokumpu
ming, pinland pyrrhotite - chalcopyrite - pyrite assem-
blage (Kuovo et al, 1959); open squares: Canadian
deposits, association of Co-sulfides, Co-arsenides with
pyrite, marcasite and other minerals (Stumpfl & Clark
1964, Ilanis & Nickel 1972); opn diamonds: Birtavarre,
Norway, pyrrhotite - chalcopyrite - cubanite - sphalerite
assemblage (Lindahl 1973).

The data obtained for the ocean-floor cobalt
pentlandite (22 electron-microprobe analyses obtained
under the sa:ne analytical conditions and partly from
the same zoned grain) show a nalrow range of sulfur
content, compared to that recorded in synthetic
pentlandite. This finding corresponds to early observa-
tions and is consistent with the suggestion of-a narrow
field of nonstoichiometry in this mineral. The change
of the oxidation state ofiron from Fez+ to Fe3+, along
with a slightly increasing quantity of Fe*, may account
for the small range in sulfur content. Our data also
support the conclusion of Lindahl (1973) that the
cobalt content of the pentlandite-group mineral in
continental deposits depends upon the associated
sulfides.

Compared to other occurrences of massive sulfide in
the Pasific and Atlantic oceans (Krasnov et aL.1995a),
the samples examined in this study are richer in Cu and
Au, with lower Zn and Cd, but they show comparable
Co contents. However, Bogdanov et al. (L995)
reported a relative enrichment of sulfides from this site
in cobalt. The main feature of the 14"45'N site is the
wide disnibution of ultramafic rocks. The presence of
Ni minerals should be expected on the basis of elevated
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Ni contents of ulfamafic rocts, which are subject to
leaching by hydrothermal solutions. However, Ni has
limited mobility in chloride solutions, and is captured
from solutions by chlorite, serpentine and other
secondary magnesian minerals present in ocean-floor
rocks (Grichuk & Krasnov 1989). Therefore, Ni is
expected to have low mobility in oceanic hydrothermal
processes, and never becomes endched in massive
sulfides. This is evidently the reason for the formation
of cobalt pentlandite instead of pentlandite in the
samples studied.
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