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ABsrRAcr

A deep sea sediment core collected from the Barracuda Escarpment in the western

Atlantic, contains a layer with a large number of nodular aggregates up t9 
I 

few cm' in

size. Palygorskite is the main co-poriettt of the majority of the aggregates' Other minerals

pr"r"rrt or"" clinoptilolite, serpentine, smectites, sepiolite and quartz' In some of the aggre-

iates clinoptiloliie rather than palygorskite is the major component' Palygorskite was

irobably formed by Mg-rich ,ott'iio-tt, possibly hydrothermal' acting on sedimentary

montmorillonite-grouP claYs.

INrnonucrroN

During a study of the sea floor in the area of the Barracuda Escarp-

ment located in the western tropical Atlantic (Fig' 1), a sediment core

(P64og_2) was collected at 16' 46.8'N, 58o 21'1'W, 5015 meters below sea

level, by in. n/V PILSBURY of Miami's Institute of Marine Sciences'

The core is 410 centimeters in length and for the most part consists of a

brown, fine lutite, age undeterminea' l|ne mineralogy of samples selected

at intervals of about 80 cm through the length of the core was determined

by X-ray diffraction. The variouJ samples have a rather similar composi-

tion and contain' in order of relative abundunce, quartz' smectites' feld-

spars, kaolinite, muscovite and chlorite' The composition of this sediment

is not unusual for this area of the floor of the Atlantic (see Biscaye' 1964)'

except for a relatively high content of,expandable 15- A. clays of the

smectite group. These ,-.iitt' are prevalently dioctahedral'.as suggested

by the ,iu.ing of their (060) planes' Microscopic observations indicate

that thesmect i te- ineru lsu, t i t ' th t formofbrownsubspher ica lpar t ic les
up to 30 pr in size and displaying matted extinction typical of micro-

aggregates.
Our attention was attracted by a 10 cm thick layer located 90 cm be-

low the top of the core' This layer contains within the brown sediment a

lurge ,runiber of semi-indurated nodular aggregates of various shapes'

-ui^ly subspherical; the diameter of the majority of them is 
1 

flw mm or

Iess but in some cases reaches 2 or 3 cm' The grains are-relatively soft

when wet, and when dry can easily be broken or nail scratched' According

to their color, grains oi t*o types were distinguished' Type 1 grains are

Iight-brown or yellowish, uta *tttt dry have an earthy appearance' They

are by far the most abundant type' Type 2 grains are a very liglt yellow'

almost white, and their surface appears smooth when dry' A few grains

consist of type 1 material, encrusted by the type 2 material'
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MruonerocrcAr, AND Cnplrrcrll ExaurxnrroN

Frc. 1. Location of core p6ng-2.

ordinate amounts are crinoptilorite, a mineral of the serpentine family,
quartz and traces of smectites. rn some of the samples traces of sepiolite
were also detected.

Type 2 material consists mainly of crinoptilolite, as indicated by com-
q::i"" of the X-ray pattern with that of clinoptilolite from H..,or,
california' Ambiguity with heulandite is eliminated because the X-ray
reflections of the minerar did not change after keeping the sampre at
500oC for 30 minutes (Mumpton, IOOOi Other compoients presint in
this type of aggregate are palygorskite, montmorillonite, serpentine and
qtartz.

Examination with a petrographic microscope shows that palygorskite
is contained in yellowish puitilt., up to about 30 p in size (Fig. 3)which display matted extinction typical of microaggregates. Such par_
ticles have sizes and shapes similar to those of th" ,rir*..dt. purti.t., .orr-



P = PALYGORSKITE
C= CLINOPTILOLITE
M= MONTMORILLONITE
o=.ouARTz
A=ISERPENTINE

TYPE 2

PALYGORSIJTE FRO]I TTIE DEEP SEA 9i7

Frc. 2. X-ray difiractometer traces (CuKa radiation) of type 1 and type 2 material from

corc P 6409-2, western Atlantic.

tained in the rest of the sediment core. Clinoptilolite appears at the

microscope as colorless laths which occasionally reach up to 25 pr in

Iength (Fig. a). Serpentine minerals appear as pale-green aggregates

reaching up to 30 pr in diameter. Their slightly anomalous' yellow-green

interference colors suggest the mineral is antigorite. Occasionally tiny

crystals of clinoptilolite and of serpentine were observed enclosed within

the palygorskite microaggregates. A few tiny rhombs of dolomite were

also observed both in type t and 2 aggregates.
Carbon replicas were made of type 1 material, and electron micro-

graphs were obtained with a Norelco electron microscope (Fig. 5). Paly-

gorskite is in the form of f,brous, needle-like crystals reaching 2 or 3 p' rn

Iength; the crystals are very similar to those reported by Matshall et al.,

(1942) and by Bates (in Grim, 1953, p. 122). Platy, micron-size granules

are also visible in the electron micrographs; they are probably smectites.

The results of chemical analyses of samples of type 1 and type 2 ma-

terial are given in TabIe 2 where they are compared with an analysis of a

sample of sediment from the top of the core. The amount of water re-

leased by the samples at various temperatures was measured with a mois-

ture analyser (Table 3).

DrscussroN

Palygorskite has not been previously reported from the deep sea en-

vironment. It has been found to form in fresh water and Iagunal sedi-
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Taetr 1. X-nlv Pownnn Der.q, ron PAr,vconsrnra

Barracuda Escaroment Attapulgus, Georgia
(Bradley, 1940)
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" The data were obtained with a G.E., XRD5 diffractometer. fnstrumental Iactors
were as fo l lows:  Cuka radiat ion,  I :1.54050.35KVP;15 MA; scanning speed l ' , /min;
time constant 2; scale factor 1000 full scale. Quartz present in the samples served as
internal standard. The indices are according to Bradley (1940). r:relative intensities of
reflection lines.

ments (Kerr 1937;Heystek and Schmidt 1954);or in shallow marine en-
vironment as a result of the action of Mg-rich solutions on terrigenous
clays (M ulle r , 196l) . In other instances palygorskite has been reported to
form by hydrothermal action directly on igneous rocks (Stephen, 1954).

The aggregates reported here appear to be remarkably similar to ma-
terial dredged from the middle Atlantic Ridge and described by Hatha-
way and Sachs (1965), with the main difference that sepiolite rather than
palygorskite is contained in the Ridge material together with clinopti-
lolite and serpentine. Due to the similar composition and common para-
genesis of palygorskite and sepiolite, much of the discussion contained in
Hathaway and Sachs paper is also pertinent to our findings. These au-
thors suggested that silica derived from the devitrification of silicic
volcanic ash could have reacted with Mg in solution to form sepiolite,
leaving clinoptilolite , qvartz and a montmorillonite as residual products.

fn our case no volcanic glass was observed, but the presence through-
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Terrn 2. Cnnurcer- Axs-vsrs ol Seupr,ns rRoM CoRE P6409-2
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SiOz
AhOs
FesO3'

CaO
Mso
NazO
KzO
TiOz
MnO
HrO-
HzO+

5 3  . 0
1 5 . 3
5 . 7 2
0.45
4.40
t . 2 5
2 . 6
U .  J J

0.  20
9 4
5 . 4

4 9 . 5
I J . J

6 0 1
0 .38
4 .  1 0
1 .95
2 . 0
0 . 6 0
0 .  1 6

I J . J

7 . 9

5 4 0
1 5 . 8
6 .  5 1
0 .  7 5
2 . 5 5
2 . 6 5
3 . 0
0 . 5 5
0 .  1 0

I U .  J

6 . 2

54.2
21.6
8  .30
1 . 1 0
1 . 9 2
0 . 8 4
2 . 3 5

* b

0 . 2 0
5 . 6 1
6 .  10

s No separate determination of FeO and FezOa was made; Fe was determined as such

and is here reported as FezOa.
b Not determined.

1a, lb:two samples o{ type 1 material.

2 :sample of type 2 material.

3 :sample from the top of core P6409-2.

out the core of abundant smectites suggests that volcanic glass was orig-
inally present in the sediment. In fact, alteration of silicic or basaltic
glass in deep sea water and interstitial solutions of normal composition
produces commonly clay minerals of the montmorillonite group, as well

Frc. 3. Palygorskite-containing microaggregates from type 1 material (transmitted light).
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Frc. 4. Crystals of clinoptilolite from type 2 material (transmitted light).

Fro. 5. Electron micrograph of a carbon replica of a palygorskite microaggregate from
type 1 material.
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Tearn 3. AN,q,r,vsns or HrO rN Sawrrs lrou Conn P64W-2
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Sample 20"c 100"c 200"c 400'c 1000"c

L . 62 . 51 . 32 . 56 . 9Type 1 (a)

Type 1 (b) 1 1 . 0 2 . 3 2 . 3 A 1 1 . 4

Type 2 10 .  5 0.  78 1 . 8 0

4 . 4Attapulgus
(Georgia)

1 4 . 0

Percentage (by weight) of water released at increasing temperatures by samples of
gpe 1 and type 2 material and of palygorskite from Attapulgus, Georgia. The analyses
were made with a moisture analyser manufactured by the Consolidated Electrodynamics
Corp., Model 26-321L-l|l[A. Previous to the analysis the samples were kept at about 20'C
in the air with about 60 percent relative humidity. H:O measured at 20"C was released
where the sample was kept in dry nitrogen.

' HzO at 20'C was not measured separately, and is included in that released at 100"C

illustrated by a study of Tertiary ash layers in sediment cores drilled off
Florida (E. Bonatti, unpubl. results) and by several other previous works.

It is known from laboratory experiments (Hawkins and Roy, 1963)
that reactions of silicate glasses with solutions at pH similar to that of sea
water produce smectites only if magnesium is present in the solutions.
The concentration of magnesium in sea water is about 1.3 gr/Kg, which is
in accordance with the fact that montmorillonite generally forms from
volcanic glass on the ocean floor. The MgO/SiOr ratio in palygorskite is
between 2 and 3 times higher than in common smectites (excluding
saponites); in our case, type 1 material has a MgO/SiOz ratio about 3
times higher than the sediment from the rest of the core (Table 2). It
is therefore probable that the formation of our deep sea palygorskite re-
quired solutions with magnesium activities in excess to those which are
commonly able to produce smectites on or below the sea floor.

Such Mg-rich solution could have been provided in our case by hydro-
thermal sources on the sea floor. Evidence of hydrothermal activity was
obtained at station P6402-4 (16' 42.3'N, 58' 03.1'W) only a few miles
from the location of the palygorskite-containing core. Fragments of
basalt were recovered at this station, which had been strongly altered
hydrothermally, resulting in the serpentinization of the femic minerals,
chloritization and zeolitization of the feldspars, and formation through-
out the rock of veins of carbonates (E. Bonatti, unpubl. results). It is in-
deed probable that hydrothermal activity is quite extensive in this area
of the Atlantic Ocean floor, which is strongly disturbed tectonically
hosting what is thought to be a major fracture zone.

4 . 4

J . I 2 . 5



982 ENRICO BONATTI AND OIVA JOENSUA

Thermal liquids associated with basic volcanites could well be high in
magnesium derived both from the volcanites themselves and from leech-
ing of the sediments. For instance, serpentinization of femics should re-
lease some magnesium and sil icon in solution (Thayer, 1966). It is possi-
ble that reactions of such Mg-rich liquids with the smectites contained in
the sediment resulted in the formation of palygorskite.

This suggestion is supported by the fact that the palygorskite-con-
taining microaggregates appear at the optical microscope very similar to
the smectite particles contained throughout the rest of the core. Electron
micrographs indicate that an intergrowth of palygorskite and smectites
may exist within such microaggregates.

Field evidence in favour of palygorskite being derived from montmoril-
lonite has been provided in the past by Kerr (1937) and Haystek and
Schmidt (1954). Synthesis experiment results in the laboratory are not
very indicative of the possibility of smectite being a parent material for
palygorskite, and of the stability field of the latter, due to the failure of
various attempts to synthesize palygorskite (Mumpton and Roy, 1958).

In our case, clinoptilolite is contained in the palygorskite-rich layer and
is not present in the rest of the core; probably the processes which formed
palygorskite are also responsible for the presence of clinoptilolite. Simple
stoichiometric reactions can be written, according to which both paly-
gorskite and clinoptilolite are formed and montmorillonite is one of the
parent materialsl for instance:

montmorillonite * silica * (calcium and magnesium in solution)

--+ palygorskite f clinoptilolite.

A reaction of this type should be possible on the sea floor, since both
calcium and silica are known to be present in bottom and interstitial
solutions; a possible additional source of silica is quartz, which is present
throughout core P6409-2, also within the palygorskite-rich layer. How-
ever, other types of reactions are possible as well, and there is no way of
knowing with precision what took place in our case.

The type of reaction suggested above for the formation of palygorskite
could also explain the presence of serpentine and of traces of sepiolite in
the same material. In fact, whether one or the other of these three mag-
nesium silicates is formed must depend on very delicately balanced con-
ditions, involving the activity of Mgz+ and other ions and the pH of the
solution. For instance, Upite et al., (1963) have synthesized sepiolite and
serpentine at 174.5'C and 8 atm pressure; serpentine formed at MgO/
Sior ratios of 4 to I and2 to 1;sepiolite formed at ratios 1 to 4 and 1 to 1.

Suuruanv eNo CoNcr-ustoNs

The fact that palygorskite was found more than 5000 meters below sea
level in the Western Atlantic suggests that this mineral is stable, or,
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at least metastable at about 1-2oC and under a pressure of about 500

bars. However, pal1,-gorskite is not commonh' found in deep sea sedi-

ments: rather special conditions must be required for its formation on the

ocean floor. It is suggested that an unusually high activitl' of magnesium

is one such condition. There is evidence that the formation of palygor-

skite in core P6409-2 required smectites as parent material.

NOTE ADDED IN PROOF: In December 1967 an additional number of sediment

cores were collected from the Barracuda Fracture Zone. At one station (P6708-13,16"43'

N., 58'07'W.,3728 meters below sea level) the sediment was found to consist of paly-

gorskite, clinoptilolite, smectites, serpentine and quartz, that is, the same assemblage found

in core P6409-2 and reported in this paper. The two palygorskite-containing samples, even

though collected several kms apatt from each other, are both from the steep scalp marking

the Barracuda Fracture. These findings suggest that the Mg-rich solutions which presum-

ably give rise to the palygorskite-containing assemblages debauch on the sea floor all along

the Fracture.
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