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NONTRONITE IN A DEEP-SEA CORE FROM THE SOUTH PACIFIC
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Abstract—Smectite close to the pure Fe end member of the nontronite-beidellite series was found in the
fine clay separated from a 354-cm deep sediment core in the southwestern Pacific Basin. The mineral

has a b-axis of 9.09 A

and an unusually low dehydroxylation temperature of 454°C and is composed of

sheaves of fibers less than 50 A wide. Its charge density is 5.09 x 104 esu/cm?2. The charge originates
mainly from the presence of 18% of the total Fe in tetrahedral positions, as determined by Mossbauer
analysis. Slight deviations of the infrared spectra from those reported for nontronites are probably due
to the presence of more octahedral Mg. The presence of authigenic quartz in the same sample permits
some speculation on the concentration of dissolved silicon during nontronite genesis. A §'*0 value of
26 + 0.3%o indicates a temperature of formation of about 22°C. The Sr isotope ratio suggests that the

nontronite formed at least 12 million years ago.
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INTRODUCTION

Nontronite and beidellite form a continuous solid
solution, but, although the pure iron end member has
been predicted, the chemical composition of all spec-
imens described until recently includes at least small
amounts of Al (Weaver and Pollard, 1973; Eggleton,
1977). Marine clays of hydrothermal origin, however,
have been reported to approach the pure Fe end mem-
ber (Corliss et al., 1978; Hoffert et al., 1978; Schrader
et al., 1980; Moorby and Cronaw, 1983; McMurtry et
al., 1983).

Clay material recovered during the 1980 cruise SO-
14 R.V. of “Sonne” in the southwestern Pacific Basin
has been found to contain some layers that consist of
nearly pure nontronite containing only a trace amount
of Al. The present paper describes the physical and
chemical properties of this material and speculates on
its origin.

MATERIALS AND METHODS

Core description

As part of an extensive survey of manganese nodule
distribution in the southwestern Pacific Basin, a drill
core (KL9) was recovered on the transect Tahiti-East
Pacific Rise-New Zealand at 29°28.08'S, 131°36.81'W
in 4250 m water depth. The drill hole was located on
the western flank of a small seamount ranging from
4260 to 3990 m depth in a north to south striking
valley. The structural setting of the sampling area is
unknown because no detailed geophysical survey was
carried out. The core is 354 cm long. The upper 190
cm of the core consists of a dark brown, homogeneous,
fine-grained material. Rather abruptly, at 189 ¢cm depth,
the material changes to an aggregate of coarse-sand
size, greenish yellow to orange granules, some of which
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are partly coated by Mn oxides. The Mn oxide coatings
increase in abundance with increasing core depth, and
at 210 cm core depth the coating envelopes are essen-
tially complete. Mn oxides cement the granules into
larger aggregates, thereby creating dark gray layers; the
most conspicuous one is at 210-215 c¢cm core depth.
The Mn oxides consist of todorokite and birnessite.
Below 215 cm Mn oxides are less abundant and dis-
appear almost entirely near 300 cm. At 302-310 cm
only slight coatings are present. The amount of Mn
oxide coatings appears to decrease with increasing grain
size. Uncoated granules are light yellowish green. From
scanning electron micrographs and X-ray powder dif-
fraction patterns the granules consist of typical smectite
aggregates, coated by birnessite. Numerous quartz
crystals are embedded in the clay matrix or coat the
clay granules and can be discerned by their glitter.

Sample treatment

Preliminary examinations indicated that the smec-
tite was best developed in the lower parts of the core.
Therefore, nodule material from 230-260 cm, 340-
355 cm, and from the core catcher (the lowest part of
the core) was examined in detail. The samples were
washed in distilled water and dispersed ultrasonically.
They were then rewashed in 1 N NaCl, and the excess
salt was removed. The Na-saturated and dispersed
samples were then resuspended in distilled water, and
the fine clay (<0.6 um) fractions were separated by
sedimentation. Untreated granules were also examined
by X-ray powder diffraction (XRD).

Analyses

XRD analyses were made with a Philips diffractom-
eter using CuKa radiation. Differential thermal anal-
ysis was performed on a Perkin-Elmer high-tempera-
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Figure 1. X-ray powder diffraction patterns of material from
core KI1.9; (a) untreated bulk material from an uncoated nod-
ule at 230-260-cm depth; (b) untreated oriented clay (<2 um)
separated from the nodule; (c) glycolated clay; (d) clay heated
to 500°C. (CuKa radiation.)

ture 1700 DTA at a heating rate of 10°C/min.
Transmission electron microscopy (TEM) was carried
out with a JEM 100CX instrument. For selective area
electron diffraction (SAD), gold was used as internal
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Figure 2. X-ray powder diffraction patterns of fine (<0.6
um) clay separated from layer at 340-355 cm depth; (a) Mg-
saturated, unoriented; (b) oriented; (c) glycolated; (d) air-dried,
K-saturated; (¢) air-dried, NH, *-saturated; (f) K-saturated,
glycolated; (g) NH,*-saturated, glycolated; (h) Mg-saturated,
heated to 250°C for 2 hr. (CuKe radiation.)
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Figure 3. X-ray powder diffraction patterns of fine (<0.6
um) clay separated from the core catcher; (a) Mg-saturated,
oriented; (b) Mg-saturated, glycolated.

standard. Infrared (IR) spectra were obtained from
samples prepared in the form of KBr disks and as self-
supporting films, using a Perkin-Elmer 237 spectrom-
eter to record the spectra in the 4000-650-cm ! range.
For Mossbauer spectroscopy, 9 mg of sample (equiv-
alent to 2.2 mg Fe) mixed with glucose was placed in
a Lucite holder 1 ¢cm in diameter and examined by the
procedure described by Rozenson et al. (1979).

The chemical composition was determined by X-ray
fluorescence analysis, using a Philips PW 1400 X-ray
spectrometer with an one-line Philips PH 851 com-
puter. Atomic absorption spectroscopy was used to
determine Al, Co, and Ca after the samples were de-
composed with lithium meta-borate. The cation-ex-
change capacity (CEC) was determined by sodium sat-
uration; specific surface area (SSA) was determined
using ethylene glycol monoethyl ether (Carter et al.,
1965). 6'*0 and 37SR/#¢Sr values were determined us-
ing standard techniques. Free iron oxides were re-
moved by sodium dithionite treatment.

RESULTS AND DISCUSSION
X-ray powder diffraction analysis

XRD patterns of powdered bulk material from the
230-260-cm layer gave distinct reflections at 15.5 and
4.57 A, suggesting the presence of a 2:1 clay mineral
saturated with divalent cations (Figure 1). Strong re-
flections of quartz were also present. The distinct 060
reflection at 1.513 A indicated the dioctahedral nature
of the clay mineral. Untreated and oriented clay ma-
terial, separated by sedimentation from the granules,
gave a strong reflection at 14.47 A, with a very weak
005 reflection at 3.24 A, and a faint quartz reflection.
Upon glycolation, swelling to 17.1 A was complete,
whereas heating the sample to 500°C for 2 hr shifted
the 001 spacing to 9.8 A

Unoriented samples of fine (<0.6 um), Mg?*-satu-
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Figure 4. Differential thermal analysis tracings of fine (<0.6
um) clay separated from the core catcher; exotherms at 432
and 658°C are Ag,SO, calibration peaks.

rated clay separated from the 340-355-cm layer and
from the core catcher sample gave a strong basal re-
flection at 16.05 A (Figures 2 and 3). No accessory
minerals were identified. A 060 reflection at 1.515 A
indicated the dioctahedral nature of the mineral. Ori-
ented samples gave very strong basal reflections at 15.53
A and very weak 005 reflections. Glycolation resulted
in full expansion to 16.9 A.

Saturation with K* at room humidity (50-60% RH)
shifted the 001 spacing to 12.2 A, whereas saturation
with NH,* resulted in a diffuse reflection at 12.5 A.
Upon glycolation the K*-saturated sample expanded
to 13.3 A, and the NH,*-saturated sample expanded
to 15.5 A. Thus, with both K* and NH,* saturation
most of the smectite layers had one interlayer of water
molecules. When exposed to ethylene glycol (EG) va-
por most of the K*-saturated smectite layers became
interlayered with one EG molecular layer. The basal
spacings of the sample saturated with NH,* indicated
a 1:1 ratio between smectite layers interlayered with
one and those interlayered with two EG layers (Cigel
and Machajdik, 1981), suggesting that the smectite is
composed of at least two different structural layers.
Irreversible collapse of Mg-saturated samples to 10.0
A was obtained after they were heated to 250°C (Figure
2). K*- and NH,*-saturated samples, after being heated
at this temperature, still had a spacing of 10.6 A. Final
collapse to 10.0 A occurred only after the samples had
been heated to 300°C. Apparently, irreversible collapse
was obtained only after the removal of the water, which
gave rise to an endotherm at about 280°C on the DTA
curve (see below).

From repeated determinations of the 060 spacing,
the b-axis of the nontronite is equal to 9.08 A for the
granular material collected at 230-260 cm depth and
9.09 A for the nontronite collected at 340-355 cm
depth. These values are close to those expected from
the relationship between the length of the b-axis and
the number of Fe?* ions per unit-cell as given by
MacEwan (1961) and Brigatti (1983), but are lower
than those based on (Fe + Mg) in the equation pro-
posed by Despraires (1983).
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(a), (b) Transmission electron micrographs of fine
clay separated from layer at 340-355 cm depth; (c) authigenic
quartz embedded in nontronite clay matrix, from layer at
200-205 cm depth.

Figure 5.

Differential thermal analysis

The differential thermal analysis curve of Mg-satu-
rated material, equilibrated at room humidity (50-60%
RH), shows a very strong endotherm at 106°C, fol-
lowed by a very weak endotherm at 280°C (Figure 4).
These endotherms are associated with the loss of ad-
sorbed water and cation hydration water, respectively.
The dehydroxylation endotherm at 454°C fits the cor-
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Figure 6. Infrared spectrum of NH,-saturated fine clay from

layer at 340-355 cm depth; (a) 3700-3300-cm ™" region, self-
supporting film; (b) 1100-650-cm~! region, KBr disk.

relation curve between dehydroxylation peak temper-
ature vs. b dimension, and, by implication, Fe content,
established by Brigatti (1983). The curve is similar to
that given by Rateev et al. (1980) for K-, Fe-smectites
from the Galapagos geothermal field.

Electron microscopy

Transmission electron micrographs of finely dis-
persed samples show elongated, feathery flakes (Figure
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5). Moderately dispersed samples showed “mossy” ag-
gregates, similar to the Cheto-type smectites described
by Grim and Giiven (1978) from Arizona. Under high
magnification these aggregates appeared to be com-
posed of very thin fibers, less than 50 A wide, arranged
parallel in bundles, which in turn are oriented at var-
ious angles to each other, forming sheaves (Figures Sa
and 5b). Whether these fibrous units, which appear to
represent primary particles, formed by curling of thin
layers or ribbons is difficult to establish. Nontronites
generally occur in the form of laths or ribbons. Non-
tronite from Pfaffenreuth, Bavaria (Méring and Ob-
erlin, 1971) is lath shaped, with free particles of a mean
width of ~2000 A and has a strong tendency for end-
to-end association, yielding long ribbons. Sudo et al.
(1981) described Fe-montmorillonite with lath-like,
platy particles without well-defined borders, with some
particles having a feather-like appearance. Cole and
Shaw (1983) and Kurnosov et al. (1982) described fi-
brous nontronites, but the fibers were much coarser
than those of the KL9 clay. Grim and Giiven (1978)
showed trioctahedral Mg-smectites from the Amargosa
Valley, Nevada, that exhibit sheaf-like aggregates of
fibers.

Mossbauer spectroscopy

The experimental Méssbauer spectrum could be well
fitted by three doublets, two corresponding to Fe?* in
octahedral and one to Fe3* in tetrahedral coordination.
The parameters obtained by least squares computer fit
are as follows:

Octahedral Tetrahedral
IS Qs r % IS Qs r % IS Qs r %
042 0.68 04325 037 027 041 57 022 0.65 0.34 18

+0.01 +0.02 £0.04 +7 £0.01 £0.02 +0.04 — =+0.01 £0.03 £0.05 +£5

where IS = isomer shift relative to metallic Fe; QS =
quadrupole splitting; ' = peak width; all in mm/sec.

These parameters closely resemble those reported for
nontronites by Goodman et al. (1976), indicating that
the relatively high concentration of Mg in this sample
does not significantly affect the configuration of the
octahedral sheets.

Infrared spectra

Si=0 stretching absorption. An intense Si~O stretching
absorption was noted at 1005 cm~! (Figure 6b), in
complete agreement with the results of Goodman et
al. (1976), who correlated the position of this band in
nontronites with the amount of Fe3* in tetrahedral sites.
The percentage of total iron occupying tetrahedral po-
sitions in sample KL9 is 17% by chemical analysis and
18% by Méssbauer spectroscopy. Goodman et al. ob-
served a frequency of 1006 cm~! for samples with 19—
27% tetrahedral Fe3*,
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Table 1. Chemical composition of KL9 nontronite from the South Pacific and other hydrothermal nontronites.
1 2 3 4 5 6 7 8 9 10 11
wt. %
Si0, 45.5 36.4 38.83 47.12 44.68 44.06 38.42 29.1 40.24  41.86 50.39
Al,O, 0.2 0.4 0.2 0.34 0.89 0.47 1.05 1.92 4.26 4.29 0.027
Fe;0, 37.9 38.6 34.33 31.75 29.13  25.51 21.59 36.96  26.68 27.45 36.24
MnO 1.07 378 4.72 0.129 0.1 0.092 3.52 0.84 0.75 0.6 0.09
MgO 2.91 2.73 2.77 3.018 3.27 3.42 3.25 1.17 294 2.84 3.75
CaO 0.6 2.9 1.63 0.68 0.34 1.23 1.21 5 0.67 0.66 n.d.
Na,O 1.71 1.70 1.89 1.67 1.89 1.88 1.89 0.75 3.09 - 0.03
K,O 3.23 2.77 3.05 3.83 2.94 2.73 1.89 0.72 2.4 2.33 1.68
TiO, 0.02 0.02 0.02 0.02 0.02 0.027 0.045 7 0.19 0.2 0.01
Icn 6.22 9.53 8 7.745 16.6 13.72 16.93 20.87 18.45 15.21 7.70
Si/Al 34.45 993 172,57 1221 443 85.6 32.6 13.44 8.34 8.60 —_
Fe/Mn 152.79 61.11 6.58 246.8 291.28 2514 5.55 39.8 32.2 41.80 —
PO, — - — - - - - - - - 0.04
ppm

Co 2 8 4 4 — 6.6 5.6 — 56 59 10
Cu 46 55 59 — - 70.5 91 6100 50 50 n.d.
Ni 2 116 27 3 - 27 52 — 119 88 6
Zn 6 36 6.6 2 - 106 127 25,700 — 365 107
Cd - - - - - 13 2 — - — -
Sn 59 300 198 43 — 130 138 - - - -
Ba 43 63 76 74 - 507 773 - - — 33
v 5 270 35 - - 32 40.4 - 107.6 97 82
Cr 4 8 10 - - 13.5 12.6 - 35 33 28
B 75 529 566 - - 359 295 — - - —
Ca 2 5 5 - - 2.5 17 - - - -
Pb — - — — - 74 263 - - 11 3
Rb — - - — — - - - - - 47
Sr - - - — - - — - - - 38!
Fe,0, (DCB extractable) - — — - — - - 0.09%

Samples 1-10 = hydrothermal nontronites: samples 1-3 (FAMOUS); 4-5 (Aden); 6-7 (Galapagos); 8 (Red Sea); 9-10
(Cyamex); compilation after Hoffert (1980). Sample 11 = South Pacific, K19, core catcher (<0.6 pm). n.d. = not detected.
! Separation of Sr for 87Sr/#¢Sr analysis showed that this value is too high and that the concentration of Sr is about 8 ppm.

OH-stretching and -bending absorptions. A main OH-
stretching absorption band was noted at 3545 cm™!,
with shoulders at 3582 and 3607 cm~! (Figure 6a).
Changes due to orientation of the film were difficult to
observe. As Fe-OH-Fe is the predominant grouping
in the octahedral sheets, the band at 3545 cm~—! must
be due to OH-stretching vibrations for this grouping.
The band, which was also observed in spectra of the
KBr discs, was noted at a lower frequency in sample
K19 than in any of the samples studied by Goodman
et al. (1976), probably due to the considerably higher
Mg content of sample KL9. The shoulders at 3582
cm~! must then be due to Fe-OH-Mg and Mg-OH-
Mg associations, respectively; however, if the distri-
bution of cations in the octahedral sheet is random,
the Mg-OH-Mg absorption should have been very
weak. The fact that a pronounced shoulder was re-
corded suggests that some clustering of Mg ions must
be present in the octahedral sheets.

Similar considerations apply to the OH-bending vi-
brations (Figure 6b). Following Goodman et al. (1976),
the absorption at 818 cm~! may be assigned to Fe—
OH-Fe and the inflection at about 790 cm~! to FE~
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OH-Mg vibrations. If these assignments are correct,
the intensity of this absorption supports the suggestion
that the incidence of Mg-OH-Mg groups is greater than
would be expected from a random distribution of oc-
tahedral cations. The absorptions at 3607 and 760 cm™!
have not previoulsy been reported for nontronites, be-
cause all of the samples studied had much lower Mg
contents. A shoulder at about 760 cm~! was detected
in some of the spectra of K-, Fe-smectites by Rateev
et al. (1980), but was not discussed by them.

Chemical composition

The chemical analysis of the fine clay from the core
catcher shows an extremely low Al content for this
nontronite (Table 1, column 11). Marine hydrothermal
nontronites commonly are low in Al (Table 2). Similar
low Al contents were reported by Corliss et al. (1978)
and more recently by McMurtry et al. (1983) for non-
tronite from the Galapagos hydrothermal mound. The
Fe content of the clay from core K19 is high. The free
(dithionite-extractable) iron content is only 0.09%, and
no crystalline iron oxides were identified, indicating
that nearly all of the iron is within the clay mineral.
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Table 2. Structural distribution of cations in hydrothermal
nontronites and the KL9 nontronite.’

FAMOUS (Cyp 74.26.151a)

(Cag o Nay, 5, Ko ca)(Fe**3.10Mgg 67)(Si; 0:AL 03Fe**0.94)
Aden (6243-12)

(Cag ;3Nay ;K 6s)(Fe>"5 1 4Mgg 10)(Si; 1ALy 1, F€* 0.42)
Galapagos (424-2-4-30-33)

(Cag.03Nag 45Ky 75)(Fe** 3.1 Mg 91)(Si7 56Alo.osFe* o 38)
Red Sea (120 K)

(Cay5N2y 45K 712)(Fe*" | 2, Fe?* | 7, Mgg 77)(Sis s6Alg 35F€* " 1)
Cyamex (Cyp 78 07 13)

(Cap0sNay, 15K 65)(Fe*" 3.4/ MBo 66)(Si7.28Ak0.0sF 75, 64)
KL 9 (core catcher, <0.6 um)

((NH.)o.65Ko.30)(Fe™*3 3:Mgo 51 )(Siz 3356 0.67)

' Compilation of data after Hoffert (1980).

Similar Fe contents were also reported by Bischoff
(1972) for a ferroan nontronite from the Red Sea, by
Corliss et al. (1978) for a nontronitic clay from hydro-
thermal mounds near the Galapagos Rift, and by Hof-
fert et al. (1978) for FAMOUS samples from the At-
lantic Ocean. Ferrous iron was not detectable by
chemical analysis or by Mossbauer spectroscopy. In-
deed, ferrous iron has been reported in only one marine
hydrothermal nontronite from the Red Sea (Bischoff,
1972). The near-monomineralic nature of the present
clay sample is indicated by its very low Ca, Na, P, Mn,
and Ti contents. The Mg and K contents are similar
to those reported for many hydrothermal nontronites
(Table 1).

Based on this chemical composition and assuming
a monomineralic character for the material, the fol-
lowing structural formula is proposed for the NH,-
saturated nontronite:

(Ko.30(NH, ") 6o(Fe3* 3 3,Mgg 5, )(Si; 33F€* ¥ 67)O2(OH),.
sum = 4,13 sum = 8.00

The amount of tetrahedral iron calculated from the
chemical analysis is in complete agreement with that
deduced by Mossbauer spectroscopy. XRD data and
IR spectra suggest an unequal distribution of the layer
charge and octahedral site occupancy of the nontronite.
Unequal charge distribution is also suggested by the
observation that some of the interlayer K+ could not
be replaced by NH,*. Thus, this structural formula
merely represents an average composition of the min-
eral.

The interlayer charge as calculated from the formula
is somewhat larger than the charge suggested by the
cation-exchange capacity (97 meq/100 g) determined
separately (Table 1), and more than half of the charge
originates in the tetrahedral sheets. McMurtry et al.
(1983) assigned no tetrahedral iron to the nontronite
from the Galapagos hydrothermal mounds; yet, as the
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data compiled by Hoffert (1980) show, tetrahedral iron
is a characteristic feature of many hydrothermal non-
tronites (Table 2). The concentrations of octahedral
Mg and interlayer K+ appear to be within the range
common for hydrothermal nontronites.

From the basal spacings of untreated bulk nodule
material, the exchangeable cations appear to be mostly
divalent. From the specific surface area of the clay
sample (550 m?/g) and its CEC, the charge density is
1.76 x 10-'9 eg/cm? or 5.09 x 10~* esu/cm?, similar
to the value obtained by Newman (1983) for beidellite
from the Black Jack mine in Idaho.

Using the Fe-Mn—~{Co + Cu + Ni) ternary diagram
proposed by Bonatti et al. (1972), Hoffert (1980) showed
that most of the minor element compositions of hy-
drothermal smectites are poor in Mn and transition
metals and therefore cluster close to the Fe apex. From
Table 1 it can be seen that the KIL.9 nontronite is par-
ticularly low in Cu (not detectable), Ni, Co, and Mn
and therefore exemplifies this trend. Zn is higher than
the values reported by Corliss et al. (1978) for the
Galapagos Rift nontronite and by Hoffert et al. (1978)
for the FAMOUS hydrothermal clays. The Cr content
is similar to the values cited by Hoffert ez a/., but higher
than those given for the pure nontronite by Corliss et
al. (1978). The V content is within the range given for
hydrothermal clays. Whereas metalliferous hydrother-
mal sediments commonly are greatly enriched in Ba,
hydrothermal clay minerals are low in Ba, and the Ba
content of the KL9 nontronite is even lower than those
reported hitherto. Pb is considerably lower than the
values cited by Hoffert (1980) for the Galapagos Rift
nontronite. No comparable values for Sr and Rb were
found in the literature.

NONTRONITE FORMATION

Oxygen isotope analysis of the purified <0.6-um
fraction of K19 nontronite gave 830 =26 * 0.3%o
relative to SMOW. Using the geothermometric equa-
tion of Yeh and Savin (1977) for smectite—water:
1000,, = 2.67-106- T2 — 4.82, and assuming 60 of
0.0 for seawater, a formation temperature of 21.3—
22.8°C can be calculated, close to the lowest temper-
ature of formation deduced by McMurtry ef al. (1983)
for Al-poor nontronite formed in Galapagos mounds
sediments. The ratio Fe,0,/(MgO + ALQ;) vs. %0
for sample KL9 falls within the field of deep-sea au-
thigenic nontronites delineated by McMurtry et al.
(1983, Figure 5).

The two features cited by Harder (1976} as critical
for the formation of nontronite are relatively low Si
concentrations and the presence of reduced iron in so-
lution. Scanning electron micrographs revealed the
nearly perfect euhedral habit of quartz crystals embed-
ded in the nontronite clay matrix (Figure 5¢). Accord-
ing to Stoffers et al. (1984), oxygen isotope data indi-
cate that these crystals were formed at 25°C. Harder
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(1971) noted that quartz crystallizes at such low tem-
peratures only from solutions which are undersaturat-
ed in SiO, with regard to quartz (i.e., <2.8 ppm SiO,).
Because no other less-crystalline silica phases were
identified in the KL9 sediment, soluble Si during quartz
crystallization must have been in this range.

Because the quartz crystallites were found embedded
in the clay matrix, and even coating clay granules, non-
tronite precipitation must have preceded quartz crys-
tallization. Thus, silica in solution during nontronite
formation may have been only slightly oversaturated
with respect to quartz, and probably was below the 20
ppm SiO, indicated by Harder (1976). Oxygen isotope
geothermometry of the authigenic quartz and non-
tronite showed that both minerals were formed under
closely similar thermal regimes.

Oxidation gradients in core KL9 are indicated by the
vertical Fe-Mn segregation, which is governed by the
balance between oxygen-poor hydrothermal fluids at
the bottom and oxygen-rich seawater diffusing down-
ward. In the presence of the hvdrothermal fluids Mn
was brought into solution while nontronite precipitat-
ed. Mn precipitated higher up in the sediment where
the redox potential was higher. A similar process has
been proposed for the formation of the nontronites in
the Galapagos sediment mounds by Dymond ez al
(1980). Coating of nontronite granules by Mn oxides
possibly indicates fluctuations in the oxidation gradi-
ent.

The K19 nontronite contains significant amounts of
interlayer K*, like many other hydrothermal nontron-
ites; it may therefore represent a transition stage in the
“celadonitization” process of the smectite by adsorp-
tion of K from seawater, as suggested by Rateev et al.
(1980).

The *'Sr/%Sr ratio obtained for sample KL9 was
0.71157 £ 0.0002, considerably larger than the value
of 0.70907 characteristic of modern seawater (Burke
et al., 1982). As both increasing age of seawater and
basalt-seawater interaction cause a decrease in the Sr
isotope ratio, some of the ’Sr must be radiogenic. On
the basis of the observed Rb/Sr ratio, and using the
appropriate Sr isotope ratio of seawater of that age, a
minimum time of formation of the nontronite of 12
million years can be deduced. Any contribution of ba-
salt Sr, like that observed in other authigenic deep-sea
smectites (Staudigel et al., 1981) would increase the
calculated age of formation of the nontronite. The area
from which the sample was collected was dated at 25
million years by geomagnetic polarity (Plate Tectonic
Map, 1981). If the nontronite formed at that time, the
initial #Sr/%¢Sr ratio would have been about 0.706, a
value that could have been attained by seawater-basalt
interaction.

The uncertainties involved in a single isotope anal-
ysis preclude definitive dating of the sample. It can,
however, be established that the nontronite was formed
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at least 12 million years ago and may even be as old
as the area in which is was found (25 million years),
having been formed in situ in the vicinity of the active
ridge.
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Pe3stome — CmexTuT, 61mu3xnii uncroMy Fe koHeTHOMY 4ieHy cepiil HOHTPOHUT-GeAae/LTAT, OGHAPYKHBAJICS
B MEJIKOH [IAEE, OTAENEHHOA 13 354 M riryGoKo# KOJIOHKH OCa/(Ka B I0r0o-3anaaHoM paione Tuxoro Okeana.
Munepan umeeT ochk b papuyio 9,09 A u HeOBBIKHOBEHHO HU3KYIO TEMIIEPATYDY ACTHAPOKCHIHDOBAHUS U
COCTOHT B3 CBA30K BOJIOKOH MeHee, 4eM 50 A mupoxux. ITnoTHocTs 3apsina pasHa 5,09 X 10~* ace/mm?2.
3apsia BOHUKAET, IIABHBIM 00pa3oM, B CIEACTBHE IPHUCYTCTBHA 18% Beex aromor Fe B TeTpasapuueckux
MecTax, Kak 370 6pLIO onpeleseHo pu moMoiny aHamusa Mecc6ayepa. HeGonnbime oTknonenns uadpa-
KPacHOIo CIIEKTPa 3TOr0 MUHEPAJIA OT CIIEKTpa HOHPOHUTA SIBIAIOTCS Pe3yJIbTATOM OPHCYTCTBUSA GOJIBIIOTO
KOnuYecTBAa OKTasAprueckoro Mg. IlpucyTcTBue ayTureHHOro BKapma B 3TOM Xe caMoM ofpasie maer
BO3MOXHOCTD KaKOTO-THGO NPEANONCKEHNT KOHUEHTPAUMK PACTBOPEHHOIC KPEMHHS BO BPEMS T'eHE3HCA
HOHTpOHHUTA. 3HaueHue §'°0, paBuoe 26 + 0,3%o, yKa3sIBaeT Ha TeMIepaTypy (opMapoBanus oxkoyo 22°C.
Sr H30TONHEI COCTAB NOKA3bIBAET, YTO HOHTPOHUT 0GPA30BAIICH O KpaiineR Mepe 12 MHAJITHOHOB JIET TOMY
Hasan. [E.G.]

Resiimee—Ein Smektit, der in der Zusammensetzung dem reinen Fe-Endglied der Nontronit-Beidellit-
Mischungsreihe sehr nahekommt, wurde in der feinen Tonfraktion, die von einem 354 cm tiefen Sedi-
mentbohrkern von siidwestlichen Pazifik Becken abgetrennt wurde, gefunden. Das Mineral hat eine kleine
b-Achse von 9,09 A und eine ungewdhnlich niedrige Dehydroxilierungstemperatur von 454°C und ist
aus Faserbiindeln zusammengesetzt, die eine Dicke unter 50 A haben. Seine Ladungsdichte betragt 5,09 x
10~* esu/cm? Die Ladung rithrt hauptsichlich von der Anwesenheit von 18% Gesamteisen in tetraedri-
scher Koordination her, wie aus der Mdssbauerbestimmung hervorgeht. Geringe Abweichungen der
Infrarotspektren von denen, die fiir Nontronit angegeben werden, kommen wahrscheinlich durch die
Anwesenheit von mehr oktaedrischem Mg. Die Anwesenheit von autigenem Quarz in der gleichen Probe
erlaubt einige Spekulationen iiber die Konzentration des gelosten Siliziums wihrend der Nontronitent-
stehung. Ein §'0-Wert von 26 * 0,3%o deutet auf eine Bildungstemperatur von etwa 22°C hin. Das Sr-
isotopenverhiltnis 148t darauf schlieBen, daB der Nontronit vor mindestens 12 Millionen Jahren gebildet
wurde. [U.W.]
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Résumé— De la smectite proche du membre terminal Fe pur de la série nontronite-beidellite a été trouvée
dans Plargile fine séparée d’une carotte sédimentaire de 354 cm de profondeur dans la Basin Pacifique du
sud-ouest. Le minéral a un axe-b de 9,09 A et une température de déshydroxylation inhabituellement
basse de 454°C et est composé d’un ensemble de fibres d’'une longueur de moins de 50 A. Sa densité de
charge est 5,09 x 10—* esu/cm?. L’origine de la charge est principalement due & la présence de 18% du
Fe total en positions tétraédrales, comme 1'a déterminé ’analyse de Mossbauer. De 1égéres déviations
des spectres infrarouges par rapport a ceux déterminés pour des nontronites sont probablement dues a
la présence de plus de Mg octaédral. La présence de quartz authigénique dans le méme échantilion permet
quelque speculation quant 4 la concentration de silice dissoute pendant la genése nontronite. Une valeur
330 de 26 * 0,3%0 indigue une température de formation d’environ 22°C. La proportion d’isotope Sr
suggére que la nontronite s’est formée il y a au moins 12 million d’années. [D.J.]
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