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Agstnecr

Sepiolite has been found in samples dredged from the Mid-Atlantic Ridge. The mineral

is intimately associated t'ith laminated clay and coccolith ooze, both containing clinoptilo-

lite; one sample contained chert. Serpentine was recovered in the same dredge, but the

sepiolite seems to have formed by the reaction of Mg in solution with SiOz liberated

during alteration of silicic volcanic ash, rather than by direct alteration of the serpentine.

INrnooucrroN

Early in 1963, about 15 rock dredge hauis were made in equatorial
Atlantic waters flom the Woods Hole Oceanographic Institution's re-
search vessei CHAIN. These hauls were concentrated near Saint Paul's
Rocks, a region where the Mid-Atlantic Ridge is displaced laterally by
a number of large faults. One of the hauls, CH 35 Dr. 11 was made near
01o23'S,  29o49'W, (F ig.  1) .  About  11.5 k i lograms of  rock were brought
to the surface in dredging a siope from a depth of 4,200 to 3,600 meters.
Most of this rock probably had been encounteled near a depth of 3,600
meters. There the dredge snagged, the ship became anchored by the
trawl lvire, and it rvas necessarv to back over the dredge to break it loose
from the bottom.

The dredge haul rvas composed of the material l isted in Table 1.
Figures 2 and 3 show two views of a representative piece of the white

rvaxy material (t1'pe III) as it was found in the dredge. Most pieces of
the t-vpe illustrated consist of nearly white or very light tan, generally
tabuiar masses ranging up to 17X19X6 centimeters. When wet the
pieces were verr. soft, had a greasy talclike feel and a pearly luster.
Upon drf ing the1. became harder and more earthy. Many of the pieces
are foliated, and some are intimatel.v associated with lenses or layers of
finely laminated brown clay. In places, veins of the white material cut
through the clav and form boxwork structures. These veins can be seen
cutting laminated clav in the bottom part of the piece shown in Fig. 2.
Figure 4 shows such a boxwork of veins in another piece after removal of
the brown clal 'b1'handpicking. Light-brown cla.v also coats the surfaces
of the pieces. At least one and usually both flat surfaces of the tabular
white material are coated with a thin manganiferous crust, and one of
the pieces contained intercalated bands of hard white cherty material.

1 Publication authorized by the Director, U. S. Geological Survey.
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Frc. 1. Chart of the equatorial Atlantic Ocean showing the location
of dredge haul Ch 35 Dr. 11.

Much of the materiai is traversed by burrows up to 7 mm in diameter
(Fig. 3); this is some indication of the hardness in situ. The interiors of
many of the burrows are entirely coated with a thin manganiferous crust
of nearly uniform thickness.

At the depth where the material was found, hydrostatic pressure is
about 350 bars and water temperature is between 2o and 3o C.

MrNBnar,ocrc ExAMTNATToN

A sample of the white waxy mineral from the type III material was
dried, ground, and packed as a randomly oriented powder for x-ray

Tanr,n 1. DnDce Haur- Mnrnnra.r-
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SOUTH 'i

Tlpe Description ls by Werght

I

II

III

Rounded weathered brownish cobbles and pebbles oI serpentine 37

One angular, slickensided cobble of granular magnetite with minor
amounts of serpentine

Masses of white waxy material with pearly
clay

3 1

luster, and light-brown
2 l

IV Cobbles and pebbles of friable chalky material containing numerous
burrows 1 1
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I'ro. 2. Piece of type III material showing sepiolite (top) with veins cutting through

laminated broun clay (loll'er right). Each small division of scale is 1 mm.

examination. Additional samples of the r'vhite mineral were not dried but
clispersed in distilled water and mounted on porous tiles b-v drawing the
r,vater of the suspension through the tiles by vacuum. A thin layer of the
mineral thus remains on the surface of the ti le. One ti le mount was left
untreated, one was treated with ethylene gycol, and a third was heated

Irrc. 3. Back of piece shown in Fig. 2 showing borings lined

terial. One large boring appears above 2.4 on the scaie. Each

1  mm.

with manganiferous ma-

small division of scale is
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Frc.4. A piece of type III material showing boxwork of sepiolite veins remaining after

removal of the laminated brou'n clay. Each small division of scale is 1 mm'

to 40 io C. X-ray diffractometer patterns were made of the randomly

oriented powder and of the tile mounted material. Another f-ray diffrac-

tometer pattern was made of the heated ti le after further heating to

550" C. These patterns indicate that the white mineral in the type III

material is sepiolite. Figure 7A shows the pattern for the randomlY

oriented powder; a comparison of the r-ray powder diffraction data of

this sample with data for sepiolite from Utah (Brindley, 1959) is given

in Table 2. An electron micrograph showing the fibrous shape of our

sepiolite particles is shown in Figure 5. One of the pieces contained qtartz

in the form of intercalated white chert bands. The brown clay associ-

ated with the type III materiai, shown as laminated masses and coatings

of the pieces in Figs. 2,3 and 4, was found on similar r-ray examination

to be composed of montmorillonite, a zeoTite, and a small amount of

sepiolite (Fig. 7C). The zeolite was identif ied as clinopti loite, rather

than heulandite, on the basis of the resistance of its structure to thermal

attack. The clinoptilolite in the brown clay persisted after heat treat-

ment  at  800'C.  for  20 minutes.  Mumpton (1960),  and Shepard (1961)

showed that heulandite first undergoes a phase change by heating at

temperatures of 250'-300o C. and then is destroyed at about 500' C'

Previous unpublished work on heulandite and clinoptilolite by Hathaway

confirmed these results. A comparison of the r-rav powder data for

clinoptilolite from Hector, California, with the ) 8p fraction from the

85s
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brown clay described above is shown in Table 3. Removal of the ciav
and very fine silt-sized particles concentrated the clinoptilolite in nearlv
pure form. Examination of the ) 8pr fraction under the petrographic
microscope showed a Iarge number of stubby laths and irregular aggre-
gates of clinoptilolite, a small amount of quartz, a few unidentified iso-
tropic grains with medium index of refraction, and rare dolomite rhombs.
The c-ray diffraction pattern for the ) 8p fraction is shown in Fig. 7D.

A sample of the white chalky material from the type IV pieces (Fig.

T.tsr,E, 2. X-nav Pomnn Dau lon Srpror.rre

d(A)

h k l r
Little Cottonwood,

Utahl
Mid-Atlantic Ridge

110
130
200,040
150
060
131
330
260
241
080
331
261
370
081
421
0 . 1 0 . 0 , 5 1 0
441,281
530
11,2,371, 191
2 . 1 0 . O
r32
202,042
7 . 1 7 . 0 , 2 2 2 , 4 6 1
062,312,2 .70 .7
620,570,332

12.05 (100)'
7.47 (10)
6.73 (s)
s .01 (7)
4.498 (2s)
4.s06 (40)
4.022 (7)
3.7s0 (30)
3.s33 (r2)
3.s66 (30)
3.196 (3s)
3 0s0 (r2)
2.e32 (4)
2.82s (.7)
2.771 (4)
2.6e1 (20)
2.617 (30)
2.s86 (NR)
2.s60 (ss)

2.47e (s)
2.449 (2s)
2.406 (15)
2.263 (30)
2.206 (3)

12.233 (100)'
7.s6 (s)
6.68 (4)
s.07 (3)
4.s03 (11)
4.sr2 (10)
4.033 (2)
3.7ss (7)
3 .509 (4B)
3 i44 (tL\l

3.184 (8 )

2 .684 (78)
2.619 (68)
2 .s92 (88)
2.s6r (r2)
2.s12 (4B)

2.443 (2)

2.261 (6)

I Brindley (1959).
2 Numbers in parentheses are relative intensities. B-broad, NR-not resolved.
3 X-ray pattern was made using the following instrumental factors: Cu Ka radiation,

I=1.54050;40 KVP; 40 MA; scanning speed 1/4'/min.; chart scale l/4./in.; time con-
stant 0.5 sec.; scale factor 2,000 cps full scale; loru angle cut-off 20 29; NaCl present in
sample served as internal standard.
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Frc. 5. Electron micrograph of a Pt preshadowed replica of

the sepiolite showing its fibrous structure.

6) was also prepared as a randomly oriented powder, and an tr-ray dif-
fractometer pattern was made. A strong diffraction pattern for calcite
was produced by this material, but a considerabie insoluble residue was
obtained by solution of the calcite in dilute acetic acid. Gasometric
determination of COz in the sample gave aboft 40/6 CaCOr. An r-ray
difiractometer pattern (Fig. 7B) of this insoluble residue showed sepio-
Iite and clinoptilolite. Petrographic and electron microscopic examina-
tion of the type I\i material showed that the calcite fraction is mostly
coccolith ooze with some discoasters. Attempts to observe the relation-
ship of the coccolith material to the sepiolite and ciinopti lolite by elec-
tron microscope replication techniques were not successful. Some pieces
of the type III material showed intercalations of sepiolite and white
chalky coccolith ooze like that of the type IV material.

A sample of the sepiolite from the type III material was selected for
chemical anall'sis. Care was taken to avoid contamination by the brown
clay associated with the sepiolite. In Table 4 the chemical composition
of this sepiolite is compared with four relatively pure sepiolite samples
reported in the literature and with the theoretical composition based on
the structure proposed by Brauner and Preisinger (1956).

As the sample was preserved in water-tight containers prior to analysis,

8s7
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Tasrn 3 X-nev Porvnon Da:r,r. lon Cr,rNoprrr,orrrr

d(A)

Hector, Californial Mid-Atlantic Ridge

9.00 (100),
7 .e4 (40)
6 .77  (30)
6.64 (2o)
s .91  (10)
s.24 (30)
s . 1 1  ( 1 0 )
4.69 (20)
4.48 (2o)
4.34 (20)
s.96 (1oo)
3.e0 (80)
3 .83  (10)
3 .73  (10)
3.ss (20)
3.46 (20)
3.42 (60)

3.r2 (30)
3.07 (20)
3.04 (20)
2.e7 (so)
2.87 (10)
2.82 (30)
2.80 (10)
2.7s (10)
2 .72  (10 )
2.68 (10)
2.M (10)

9.0  (100) ,
7  .96  (61)
6 . 7 8  ( 1 4 )

s .e2  (14)
s 2s (r2)
s . r 2  ( 3 1 )
4.6s (18)
4-49 (10)
4.3s (6)
3.e6 (71)
3.e l  (34)
3.83 (4)
3.70 (e)
3 . ss  (11 )
3.s0 (9)
3.42 (25)
3 .16  (2 r )
3 .12  (10 )
3.o7 (10)
3.03s (18)
2.e6s (31)
2.e00 (4)

I
>2.795 (22)
)
2.7s0 (e)

2.430 (6)

1 Mumpton (1960).
2 Numbers in parentheses are relative intensities,

the high value for HzO-shown in analysis 1 probably results from the
retention of interstit ial sea water. Samples left exposed to room air soon
Iost their waxy luster and became chalky in appearance through loss of
retained water. If i t is assumed that most of the low temperature water
is interstitial, a recalculation of the analysis to allow about 100/6 H2O-
(An amount in agreement with previous analyses and with the theoretical
composition) shows good agreement with other analyses of relatively
pure sepiolites. The low value for HzO* may indicate that some of the
low-temperature water actually is zeolit ic water which should have been
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Frc. 6. A piece of tlpe IV material (coccolith ooze and associated sepiolite) shorving
numerous burrows with manganiferous linings. Piece is about 6 cm. in diameter.

assigned to HrO*. Sodium is an expected impurity, as the sample was
originally in contact with sea water, and weak halite l ines were observed
on the c-ray dif iraction pattern. Less than one per cent CaCOs is pres-
ent. Aluminum and iron probably are due to small amounts of the asso-
ciated brown clay that were not removed in hand picking of the sam-
ples. A semiquantitative spectrographic analysis (Table 5) shows that,
with the above exceptions, this sepiolite is quite pure.

Drscussron

The deposits of sepiolite which are documented in the l iterature may
each be assigned to one of four general kinds of f ield association:

1. With deposits formed in highly saline or alkaline lacustrine environ-
ments. Examples of recent deposits of this kind are reported by Yarz-
hemskii (1949) and Rateev and others (1963). Examples in ancient de-
posits are described by De Serres (1818), Bradley (1930), Rateev and
Osipova (1958),  Mi l lo t  (1960a),  and Regis (1961).

2. With dolomite and marl. Examples are reported by Brougniart
(1822), Longchambon and Mourgrcs (1927), Rateev (1954), Rogers et aI.
(1954), Keeling (1956), Rateev and Kotel'nikov (1956), Kaveev (1960)
and Mueller (1961). Some of these dolomites and marls probably formed
under conditions covered by category (1) but it is not always clear
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FM TYE I MATEAIAL

C BRWN CLAY FROM TYPE E MATERIAL]
TFEATED WITH EIHYLENE GLYCOL

c

, l

OEORETS 2d Co Kd RADIAT/ON

Frc. 7. X-ray difiractometer traces of material from the Mid-Atlantic Ridge. In-
strumental settings were as follows: Cu Ka radiation; 40 KVP; 40 MA; 2" /min. scanning
speed; scale factor, 1000 counts/sec full scale; time constant, 1.0 second, traces A and D
are from ra.ndomly oriented powders; B and C are from oriented aggregates.

whether the sepiolite formed in the lacustrine environment or during
diagenesis of the sediment. Sepiolite has also been observed by Hathaway
in dolomite and dolomitic sediment from Florida.

3. With serpentine, and believed to be an alteration product from
the serpentine. Examples are reported by Smith (1849), Bonatti (1932),
Cail ldre and H6nin (1949), Zhuikova (1953), Yusupova (1955), Muraoka
et ol,. (1958) and Maksimovic and Radukic (1961).

4. Directlv crystall ized from hydrothermal solutions or as products of
hydrothermal alteration. Examples are described by Serdyuchenko
(1949), Aurola (1956) and Midglev (1959).

The boundary between categories (3) and (4) is not sharp. In some
cases aiteration of serpentine may have taken place under either hydro-
thermai or weathering conditions; in other cases sepiolite in association
with serpentine may not have resulted from the alteration of the ser-
pentine but ma-v have been deposited directiy bv hydrothermal solu-
tions as proposed by Aurola (i956).

i \

ffi
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Terr,n 4. Cnr:urcar, ANal,vsns or Snprolrrn
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sio,
Alrot
FegOa
FeO
M n O

CaO
Mso
CuO
NazO
IGO
HzO-
HrO+
TiOz
PzOu
COz
C1

45 .8
0 .35
0 .  16
0.04
0.00
0 .28

19 .  8

o .92
0.09

25.6
5 . 2
0.00
0 . 1 0
0 .22

56 .  1
0.42
0 .20
0.05
0.00
0 .34

24 .3

I . I J

0 . 1 1
10 .0
6 . 4
0.00
o . r2
0 .27

52 .50
0.60
2 .90
0.  70

0.47
2 r . 3 1

12 .06
9 . 2 1

52.97
0 . 8 6
0.  70

I  11*

2 2 . 5 0
0 .  8 7

8 . 8 0
9 . 9 0

2 5 . 3 5

0.09
0.02
9 . 2 5

10.04

0 . 7 6

2+.89

t l . t2
8 .34

54.97 55 .65
0 . 2 6
0 . 2 1

Total 99 99 99.75 99.74 100.25 100.00

1. Sepiolite, Mid-Atla"ntic Ridge (analysts: Paul Elmore, Sam Botts, Gillison Chloe,
Lowell Artis and H. Smith).

2. Analysis 1, above, recalculated to lIToHzO- (see text).
3. Sepiolite, Ampandrandava, Madagascar (Cailldre, 1936).
4. Sepiolite, Little Cottonwood, Utah (Nagy and Bradley, 1955).
5. Sepiolite, Goles, South Serbia (Maksimovic and Radukic, 1961).
6. Sepiolite, theoretical composition for structure proposed by Brauner and Preisinger

(1956), 8HrO.[Mgs(HrO)n (OH)r (Si:O:o)].
* Mn reported as MnzOr.
** See Table 5.
*** A qualitative test shows Cl to be present.

There does seem to be a clear-cut separation between the first two
categories, the sedimentary occurrences, and categories (3) and (4),
the nonsedimentary occurrences. None of the reports of sedimentary
materials indicate that either the alteration of serpentine or the intro-
duction of hydrothermal material was involved in the formation of the
sepiolite.

The occurrence of sepiolite in a deep-sea environment has not been
reported previously. At f irst the serpentine recovered in the same dredge
haul (type 1 material) seemed to be a possible source for the sepiolite.
This serpentine is brown and weathered, and contains veins of white
material. Thin-sections and r-ray diffraction patterns of these materials
showed no sepiolite, only calcite, various pyroxenes and amphiboles,
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Taerr 5. SnlnqurNuurrvB Spnctnocnapruc ANar-vsrsr ori Septortts

lnolr N{ro-Arr,euttc RrocB

(J. L. Harris, Analyst)

Nlajor elements, not looked for: (See Table tl)-

S i C a P
Al Na Mn

F e K
NIs Ti

Elements found:
B  0 .0007  Cu  0 .01

Ba 0.0007 Ni  0.01

Looked for, not found:
A g C r M o S n W
A s G a N b S r Y
Au Ge Pb Ta Yc

Be Hf Pd Te Zn

Bi Hg Pt Th Zr

Cd In Re Tl

C e L a S b U
C o L i S c V

Not looked for:
Pr Tb Lu Cs

Nd Dy In Rb

S m H o O s F
Eu Er Rh

Gd Tm Ru

I Results are reported in per cent to the nearest number in the series I, 0.7, 0.5, 0.3, 0.2,

0 15, and 0.1, etc. which represent approximate midpoints of group data on a geometric

scale. The assigned group for semiquantitative results will include the quantitative value

about 30t/6 of the time.

and minerals of the serpentine group; the brown color seems to be iron
oxide staining of the serpentine. Sepiolite is associated only with l ight
brown laminated cla-v, friable coccolith ooze, and hard white chert. No
serpentine-group minerals were observed in the sepiolite. In many pieces
the sepiolite fi l ls cracks in the cla.v to form boxwork structures. This
relationship indicates that deposition of material as laminae preceded
formation of the sepiolite. Intercalation of sepiolite and coccolith ooze
in some of the pieces establishes that the sepiolite was in contact with
pelagic sedimentary materiai at the time of formation. The lack of direct
association of sepiolite with the serpentine suggests that the serpentine
did not alter in place to form sepiolite.
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Lapparent (1936) proposed that sepiolite was produced in a manner
analogous to montmoril lonite, but that it was not necessary to have
volcanic glass as a starting material. He suggested that the mineral is
formed by the direct action of Mg salts in solution on SiOz gels in the
presence of Ca. Rateev (1954) proposed a similar origin for sepiolite
from Krasanaya Polyana. He suggested that Mg in the form of colloidal
minerals such as Mg(OH), has reacted with authigenic SiOz hvdrogels
in a iacustrine environment. Aurola (1956) suggested that, in addition
to direct crystallization of sepiolite from hydrothermal solutions, impure
opal with high Mg content also may alter to form sepiolite. Hast (1956)
reported the formation of sepiolite at room temperature by the reaction
of  SiOz wi th MgO, Mg(OH),  and MgCO3, but  Mumpton and Roy (1958)

rvere unable to produce sepiolite in the system MgO-AlzOa-SiO2-H2O, and
P. B. Hostetler (pers. comm.) has not been able to duplicate Hast's
results. Mumpton and Ro1' (1958) suggested that the absence of CaO
rnight be responsible for the failure of sepiolite to form, or that struc-
tural control must be exercised by a parent mineral to form sepiolite as
a metastable phase. Millot (1960a, b) reported, however, that in authi-
genic lacustrine sediment of Eocene age in Africa, near-shore sediment
is higher in Al than deposits farther from shore, and that the dominant
clay mineral is kaolinite. As the distance from shore increases, the sedi-
ment becomes lower in Al and higher in Mg; kaolinite gives way to
montmorillonite, which in turn gives way to attapulgite. The sediment
farthest from shore contains sepiolite. It seems unlikely that structural
control by a single parent mineral would produce this diversity of
minerals.

Siffert and Wey (1962) report the formation of sepiolite at ordinary
temperatures from saturated solutions of Si(OH)+ to which various vol-
umes of 0.1M MgCl2 wer€ added. At pH 10.0 or above (adjusted by
addition of NaOH), sepiolite formed in three weeks from mixtures ranging
from 1:1.67 to 1.43:l MgO:SiOr. rJpite et, al. (1963), have synthesized
sepiolite from mixtures of MgO and SiOz in water at 174.5" C. and at
8 atmospheres pressure. Serpentine formed at MgO:SiOz ratios of 4:1
and 2:1 whereas sepio l i te  formed at  rat ios of  1:4 and 1:1.

The sepiolite reported bv Siffert and Wey (1962) contained 36.9 per
cent H2O (*and-; even after drying at 70o C. This, together with the
high water content (30.8 per cent HrO*and-) of the Mid-Atlantic
ridge material, suggests that sepiolite that has formed in, and remained
in an aqueous environment may contain somewhat more water than
previously supposed from analvses of terrestriai material.

The high pH found by Siffert and Wey to be necessary for the forma-
tion of sepiolite at Iower temperatures may have been provided in the
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case of the Mid-Atlantic Ridge material by the clinoptilolite-bearing
brown clay. values of pH as high as 10.1 have been observed in clinopti lo-
l ite-bearing tufis from the Mojave Desert (R. G. Schmidt, pers. comm.).

The high concentration of clinoptilolite points toward volcanic ash as
the most probable origin for the brown clay. Several authors have reported
the occurrence of clinoptilolite as an alteration product of volcanic glass
(Deffeyes, 1959; Wilmarth and others, 1960; Suzuki, 196l; Nemecz and
Varju, 1962; Hay, 1963; Sudo, 1963). In all of these occurrences the
volcanic ash was reported to be rhyolit ic or high in Sioz. volcanic mate-
rials such as rhyolite are not common near the Mid-Atlantic Ridge, but
Daly (1925) reported rhyolite and obsidian rvith as much as 7l-72 per
cent Sioz on Ascension rsland. Peterson and Goldberg (L962) reported,
a province of silicic voicanism on the East Pacific rise, a dominantll'
low-sil ica area; Murata and Erd (196a) reported small amounts of
clinopti lolite in sediment from the eperimental Mohole; and Biscal-e
(1964) tentatively identified clinoptilolite in a large number of samples
from the South Atlantic ocean, and concluded that this mineral might
possibly have formed from the alteration of volcanic ash in situ. The
occurrence of clinoptilolite in deep-sea sediment thus suggests that silicic
volcanic material has been contributed to the ocean regions.

Several of the authors cited in the preceding paragraph have proposed
that clinopti lolite forms from rhyolite glass bv loss of Sioz from the glass,
the Sioz usually appearing as opaline material in association with the
clinopti lolite. No opal was observed in the Mid-Atiantic Ridge sampres,
but quartz occurs as thin bands of chert intercalated with bands of
sepiolite. Sioz released during alteration of the ash may have reacted
with Mg in solution in sea water, to form sepiolite b), a process similar
to that postuiated by Lapparent (1936), and excess Sio2 may have formed
the bands of chert. Decomposition of serpentine also ma1, have provided
Mg-rich solutions, and possibly some of the SiOz. If the presence of Ca
is necessary as suggested by Mumpton and Roy (1958), the close associa-
tion of calcite in the form of coccolith ooze fulf i l ls this reouiremenr.
Al ternat ive ly ,  the molar  rat io  of  Ca:Mg in sea water  is  1:5.3f  thus nor-
mal sea water may provide the necessarv ca. The experiments of Siffert
and Wey (1962), however, suggest that high pH rather than Ca can
promote the formation of sepiolite. rn this occurrence the clinopti lolite-
bearing clay may have provicled a high pH environment.

Donald Langmuir, in work sti l l  in progress (pers. comm.), has studied
the theoretical considerations concerning the formation of sepiorite and
has tentatively concluded that sepiolite is either a stable or very nearly
stable phase in sea water. The Iack of previous reports of sepiolite in
the marine environment suggests that sepiolite does not readily form in
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sea water, but the occurrence reported here indicates that once formed it
may exist as at least a metastable phase if not a stable phase.

CoNcrusroN

The occurrence of sepiolite with the field relationships observed, ex-
perimental data and theoretical considerations all indicate that sepiolite
can form in a deep-sea environment. We infer that sil ica derived from
the devitrif ication of sil icic volcanic ash could have reacted with Mg in
solution to form sepioLite. Clinoptilolite, qtartz, and a montmoril lonite
remain as residual products.

The absence of contacts between serpentine and the sepiolite suggests
that the sepiolite did not form by direct alteration of the serpentine.
Mg-rich solutions also could have been contributed by decomposition of
serpentine, although normal sea water contains relatively high concentra-
tions of Mg and could readily provide the necessarv ions.

AcrNowr,noGMENTS

We wish to thank V. T. Bowen and G. D. Nichols who planned and
in part executed the operations of CHAIN Cruise 35, during which the
material described in this paper was obtained. The sampling program
formed part of the Equalant effort and was supported jointly by the
Office of Naval Research under Contract NONR 2196(00) and the
United States Atomic Energy Commission under Contract AT(30-1)-
3010. That part of the work contributed by P. Sachs was supported
largely by the National Science Foundation under Grant G. P. 1599.
The assistance of each of these agencies is gratefully acknowledged.
This is Contribution Number 1534 of the Woods Hole Oceanographic
Institution.

RrlennNcns

Aunor,r, Emrr (1956) The fibrous sepiolite deposit of Stansvik. BuIl. Comm. GEol. Fin-

land.e,172, 13-40.
Brscarr, Pronnn E. (1964) Mineralogy and, sed,imentation oJ |he d.eep-sea sed'iment fne

Jract'ion in the Atlanti,c Ocean and ailjacent seas and. oceans. Unpublished Ph.D. dis-

sertation, Yale Univ.
Box,trrr, S. (1932) Sopra un minerale di Serrazzano (Pisa) (Parasepiolite?). Atti Memori.e

Soc.  Toscana. Sci .  Nat .42r98.
Bne-or.nv, W. H. (1930) The occurrence and origin of analcite and meerschaum beds in

the Green River formation of Colorado, Wyoming and Utah. U. S. Geol'. Surt:ey ProJ.

Paper 158, l-8
BneuNrt, K. aNo A. PnorsrNGrn (1956) Struktur und Entstehung des Sepioliths. Tsclter'

maks Mineral. Pelrogr. Mitt.6, l2O-140.
Bnrxor-ov, G. W. (1959) I-ray and electron difiraction data for sepiolite. Am. Mineral

rt4, 495-500.
BnoucNta.nt, Ar,nx (1822) La magnesite du bassin de Paris. Annai'es des mines,7, 303-304.

865



866 J- C. }IA:I ' I IAWAY AND P. L. SACHS

Carr.r.inn, S. (1936) Contribution d l'6tude cles mine<raux des serpentines. Bu,lI. Soc Frary.
Mineral. 59, 763-326.

AND S. HfNrN (1949) Occurrence of sepiolite in the Lizard serpentines. Nature,
163,962.

Dar.v, R. A. (1925) The geology of Ascension Island.,4ar. Acad.. Arts. Sci, , Proc.,60, 3-80.
Dnnrrvrs, K. S. (1959) Zeolites in sedimentary rocks Jour. .Sed. Petrology,29, 602-608.
Dt Sonnos, Mancer- (1818) Mdmoire sur les terraines d'eau douce. Jou,r. Physiqr.e,87,

134-135.
Hasr, Nrrs (1956) A reaction betu'een silica ancl some magnesium compounds at room

temperature and at f37" C Arki.t Kemi,9,343-360.
H,tv, Rrorann L (19G3) Stratigraphy and zeolite diagenesis of the John Day Formation of

Oregon. Uni.t'. Cali.Iornio (Berkelel,) Pu,bI. GeoL Sci.42, 199-262.
Kavnrv, M. S. (1960) Occurrence of sepiolite in lower Permian sediments of the Kazan-

Volga district (in Russian) Zapishi Vsesoyuz. Mineral. Obslrchestta, 89, 364-366.
(Chem abs. 55, 9772c, 1961).

Knar.rNc, P. S. (1956) Sepiolite at a locality in the Keuper Marl of the Midlands. Mineral.
Mag. 31, 328-332.

L,LrrlnnNr, J. or (1936) Le milieux g6n6rateurs de la montmorillonite et la sepiolite
Aco.tl.. Sci. (Paris') Comptes Rend.u,s,203, .5.53.

LoNccnnurox, H arn F. MouncuBs (1927) Sur le gisement de magnisite de Salinelles
(.Gard). Bull. Soc. ItranQ. Mineral.5O,66.

Maxsrlrovrc, ZoneNa AND GoRDANA Ralurrc (1961) Sepiolite from Goles near Lipljan
(South Serbia). Ann. GeoI P eninsula Bolhan, 28, 309-316 (Engl. abs. p. 316).

Mrncrrv, H. G. (1959) A sepiolite from Mullion, Cornrvall. Clay Minerals Bull.4,88-93.
X,[rr.r.or, G. (1960a) Crystalline neoformation of clays and silica. Proc. Symp Rasic Sci

Fronce-U. S , ny'ezo Yorh, N li., p 180-191, publ 1962.
--- (1960b) Geochemical aspects of rveathering and sedimentation. Proc. ,Symp.

Basi ,c Sci .  France-U. S,  i lezu Yorh,  N. I . ,  p.  159-169, publ .  1962.
Mtir.r,nn, Gunlrar (1961) Palygorskit und Sepiolith in tertiiiren und quartdren Sedimenten

von Hadramaut (S-Arabien). Netrcs Jahrb. M inetal. Abhandl. 97, 27 5-288.
Munrtow, F. A. (1960) Clinoptilolite reclefined Am. Mineral 45, 351-369.
--- AND R. Rov (1958) Nel. (lata on sepiolite and attapulgite. Natl. Acad. Sci.. NatI.

Res. Counc. Pub.566, 13G143.
Muneora, H., H Mrnaro, Y. TexeNo AND Y. OKAMATo (1958) Sepiolite from Yoshikawa-

mura, Fukuoka Prefecture, lapan. Jour. Mineral,og. Soc. Iapan, 3, 381-387. (in

Japanese, English a.bs) (Mineral. Abs. 14, 197)
Mune:ra, K. J. aNo R. C. Erl (1964) Composition of sediments in cores from the experi-

mental Mohole Project (Guadelupe site). Jour. Sed.. Petrology,34, 633-65.5.
Nacv, B. AND W. Ir. Rnanr.nv (1955) The structural scheme of sepiolite. Am. Mineral.

40,885-892.
Neuocz, E. emn Gv. Vanyu (1962) Sodium bentonitization, clinoptilitization, and adulari-

zation in the rhyolitic tuffs of the Szerenas pieclmont area. Acta Geol. Acad.. Sci.
Hung. 6, 389427.

PntnnsoN, M. N. A. eNn Euvenr D. Gor-onenc (1962) l'eldspar distributions in South
Pacific pelagic sediments. J our . Geo plrys . Res . 67 , 347 7 -3492 .

Rerrnv, M. A. (1954) a-Sepiolite from carbonate rocks of the Aleksin horizons of Krasnaya
Polyana (in Russian). Dokl. Akad.lfozft SS.SR, 96, 1051-1054. (Chem. Abs.,49,709e,
less).

Retnov, M. A. .q.No D D. Korrr.NrKov (1956) Nerv occurrences of a-sepiolite in the Car-
boniferous of the Russian Platform (in Russian). Dohl. Aha.d. lfozh SSSR, 109,
191-194. (Cltem Abs.51, 960d, 1957).



S EPIOLI TE A N D C LI NOPT I LOLI T E 867

A. I. Osrpov.q (1958) Clay minerals in sediments of the arid Paleogene zone
of Fergana (in Russian). Dokl,. Akad.. I/azA SSSR, 123, 76G169. (Chem. Abs. 52,
5032a. 1958).

---, A. K, PoxrlrN aNo M. B. Knernov (1963) Diagenetic alterations of clay minerals
in the Plioc.ene and post-Plocene lormations of the Caspian Sea (from the deep
drilling data) (in Itussian) Dohl,. Akad.. dazfr SSSR, l4S, 187-190.

I{rcrs, A. J. (1961) Sepiolite in the Green River Formation, Sweetwater County, Wyo.
Geol. Soc. Am. Abst. 1961 Meet., p. 127A.

Rocnns, Lrr.lralr E., A. E. MenrrN eNo K. Nonnrsn (1954) The occurrence of palygor-
skite near Ipsu.ich, Queensland. M ineral. M ag. 3O, 534-540.

SnnovucsBNro, D. P. (1949) Sepiolite fromNorthern Caucasus (in Russian). Dohl. Ahad
I[azf t  SSSR,69,  577-580. (Chem. Abs.45,  8411f,  1951).

Snelanr, A O. (1961) A heulandite-like mineral associated with clinoptilolite in tuffs,
Oak Springs Formation, Nevada Test Site, Nye County, Nevada. U. S. Geol. Surtey
Pro.f . Paper 42+C, C320-C323.

Srrrnnt, B. ,ryn R. Wev (1962) Synth6se d'une sepiolite d temperature ordinaire. Acad.
Sci,. (Paris) Comptes Rendus,254, 146O-7462.

Suirn, J. Le.wrnncn (1849) Chrome and meerschaum of Asia NIinor.,4z. Jour. Sci.,7,
285.

Suoo, 'L, 'f. Nrsveue, K. Cnrn eNo H. Heyesnr (1963) Mordenite ancl clinoptilolite in
glassy tufi s of Japan. J our. G eol. S oe. J a pan, 69, l-11.

Suzurr, J. (1961) Clinoptilolite in the tufi from Chita Peninsula, Aichi Prefecture (Jap-
anese rvith English summary). Jou,r. Japan Assoc. Mineral Petrol. Iicon. Geol,.45,
14-16. (Chem.,4bs. 55, 232009, 1961.)

lVrluerrn, V. R., T. Borrrnrr-ly aNo R. E. Wrr,cox (1960) Alteration of tufis by Rainier
underground nuclear explosion, Nevacla'Iest Site, Nye County, Nevada. U. S. Geol.
Sttrtey Prof Paper, 4O0-8, 1.19-151.

Unlrt, A., Z A. KoNsraNr eNn A. V,crvons (1963) Hydrous magnesium silicates IIL
Synthesis of magnesium hydrosilicates from magnesium hydroxide dehydrated at
400'and silicic acid (in I{ussian): Lataijos PSR Zinatuu Akad.. Vesti.s, Kim. Ser.
1963(6), 629-635 (Chem. Abs.6l, 6610e, 1964)

Yenznnlrsrri, Yl. Ya. (1949) Petrographic character of recent salt sediments (in Russian).
Dohlad.y Akod. Nauh SSSR, 68, 1085-1088. (Chem. Abs.4,2907b, 1950).

Yusurove, S. M. (1955) Sepiolite from Darvaz (in Russian). Uchenye Zapiski Tad.zhi,k
(i nit. 6, 3540. (C hem.,4bs. 53, 7 87 1t, 1959).

Ztruirova, M. P. (1953) Sepiolites of the rveathering crust of serpentinites (in Russian).
Trtrdy ()orno-Geol. Inst. Akad.. Nauh, SSSR, t/rol Fi.lial, 2O, Mineralog. Sborni.k, 2,
77 -82.  (Chem. Abs.  49,  3712b, 1955.)

l[anuscriptrece.iaed, Decembey 8,1961;arcepted.Jor publication, Marchl, 1965.




