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A-Bsrnect

Makatite was found in cores of trona from three drill holes in the Evaporite Series of

Lake Magadi, Kenya. The makatite occurs as white spherulites or radiating acicular

aggregates that fill or partly filI cavities in coarsely crystalline trona. Makatite commonly
makes up 5-20 percent of the core and locally replaces trona. Erionite, magadiite, anortho-
clase, gaylussite, and organic material are associated with the makatite. Makatite is length

slow, shows parallel extinction, and has the following indices of refraction: n^i".:1.472,

n^"*:1.487. Measured specific gravity is2.072. Analvsis on 1.2 grams of material from
which trona had been removed by ultrasonic treatment in distilled water gave: SiOr 61.04,
Alzoa 0.15, Fe203 0.11, MgO 0.04, CaO 0.28, NarO 14.76, KzO 0.09, If20+ 72.7l,HzO- 8.72,
TiO, 0.14, sum 97.t[4 weight percent. The ]ow total is probably due to an organic impurity.
The composition can be expressed as NazSLOg.5HzO or as NaSizOr(OH)s.HeO if HzO+ is

arbitrarily assigned to (OH) groups and HzO- to (HsO). Difierential thermal analysis
shows sharp endothermic peaks at 80o, 100o, and 185oC; broad endothermic peaks at 530o
and 810'C; and a broad exothermic peak at 675'C. The unit cell is orthorhombic, o:16.840
+s A,  b:10.25614 A, c:19.146+7 A, y:g,goo.g+ 1.543.  Strongest  l ines of  the X-ray
diffractometer powder pattern in A are: 9.04 (53) (011), 8.41 (29) (2W),5.09 (100) (203),

4.217 (29) (303,400), 3.419 (s6) (0s0),3.381 (29) (500), 3.127 (3s) (231),3.01s (21) (033),
2.996 (57) (116),2.882 (42) (225). The name is from the Masai (Kenya) word, emakot,
which means soda-in allusion to the hish sodium content of the mineral.

InrnonucrtoN

The mineral described herein was first recognized by Hay (1968, p.
257-259) during an investigation of chert in the deposits of Lake Magadi,
Kenya. Hay found white acicular crystals intergrown with bedded trona
at a depth of 94 feet in drill hole B from the northcentral part of Lake
Magadi (Fig. 1). The material gave a distinctive but unidentifiable X-
ray difiractometer powder pattern, and the optical data suggested a
zeolite. A chemical analysis and X-ray investigation showed, however,
that the mineral is a new hydrous sodium silicate. This is the third new
hydrous sodium silicate mineral to be reported from the deposits of Lake
Magadi. The other two, magadiite (NaSizOla(OH)a.3HzO) and kenyaite
(NaSinOzo.s(OH)r'3HrO), were described by Eugster (1967).

Makatite (mii' kitite) is named for the Masai (Kenya) word, ernakat,
which means soda, in allusion to the high sodium content of the mineral.
The name and mineral have been approved by the Commission on New

1 Publication authorized by the Director, U.S. Geological Survey.
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Fro. l. Map of Lake Magadi showing the locations of drill holes where makatite was found.

Minerals and Mineral Names, fnternational Mineralogical Association.
Type material has been deposited at the U.S' National Museum,

Washington, D. C.

OccunnpNcn

Lake Magadi, Kenya, is a sodium carbonate-bicarbonate lake that is

currently precipitating trona (NazCOa'NaHCOa'2HzO) and halite. It

is intermittently dry except for brine poqls along the margin (Baker,

1958). The lake is underlain by the Evaporite Series, a thick deposit of
trona and interbedded tuffaceous claystone. Trona has been mined from

Lake Magadi since 1916 (Baker, 1958, p. 69).
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Makatite was found in cores from three holes (Fig. 1) dri l led in 1953
for the Magadi Soda Company. Logs and descriptions of the cores were
given by Baker (1958, p. +I-43). Carbon-14 dates for trona in dri l l  hole
B are 4,600 years B.P. ,  5 ,750 years B.P. ,  and 10,100 years B.P.  for
samples at depths of 36, 70, and 156 feet, respectively (Hay, 1968, p.
257). Thus, the Evaporite Series is of Holocene age whether the base is
chosen atl l2 feet as suggested by Eugster (1969) or at 157 feet as sug-
gested by Baker (1958) and Hay (1968).

The distribution of makatite and associated sil icate minerals in the
Lake Magadi cores was determined by X-ray diffractometer powder
study of water-insoluble residues. Trona and other water-soluble minerals
were removed from crushed cores by ultrasonic treatment in disti l led
water. Core from dril l  hole B was sampled more thoroughly than core
from the other holes. The distribution of makatite and associated sil icate
minerals from core of dri l l  hole B is shown in Table 1. In dri l l  hole B,

TesLE 1. Mrnrr.er,ocv ol Warnn-INsolueln Rpsrnurs FRoM CoRE ol Dtrr.r-
Hor,B B. Llxn Macanr, KENvA"

I)epth
(ln reerj

Mineralogy
Denth
.  ;  . .  Lr thology Mineralogl

(rn IeetJ

t2
l4
16
20
36
42
46
49
52
54
58
60
63
65
70
72
74
78
8 0 . 5
8 1  . 5

Trona
do
do
do
do
do
do
do

do
do

Clay and trona
Trona

do
do

C l q  r r c f  n n e

Trona
do

Clay and trona
Trona

do
'lrona 

and halite

Fp
Fp
Fp, Mi
Mg, K
None
None
None
MK
Mk, Mg, E
Mg, Fp
E, Mi
Mk, Mg
MK, Mg
Mg
E, Fp, A
Mg
Ms, Fp
Fp, Mg, E
Mg, K, Fp
Mg, Fp
Mg, K

8 2 5  d o
84 Trona
8 8 5  d o
90 do
92.25 do
92.75 do
93.5  do
94 do
94.5  do
95 do
9 ) . 5  d o

96 do
108 Clay and trona
112 Claystone
114 do
115 do
137.75 Chert
157 Trona
165 Claystone
173 Tufi

Mg
Mg
MK
MK
MK
MK
MK
Mk, Fp
MK
MK
MK
Mg, Mk, l'l
E, Fp, Fl
E, FP
P, Fp, A, C, Mi
FP, E

a
Q, Fp

Q, Fp, E, l'1, A
E , A

'Mineralogy determined from X-ray diffractometer patterns of powdered samples,
Abbreviations: A, analcime; C, clinoptilolite; E, erionite; Fl, fluorite; Fp, anorthoclase;
K, kenl'ai1s; Mi, mica; Mg, magadiite; Mk, makatite; P, phillipsite; Q, quartz Minerals
listed in order of decreasins abunda.nce
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Frc. 2. Photomicrograph of spherulitic makatite. Crossed nicols.

makatite occurs at depths of 46-60 feet and 88.5-96 feet. Makatite is
commonly associated with magadiite in the upper sequence, but it is
generally the only water-insoluble mineral in the lower sequence.
Gaylussite, anorthoclase, and erionite also occur locally with makatite
in the same core samples, but it is unknown whether these minerals or
magadiite are intimately associated with the makatite. The makatite
content of the core samples ranges from less than 1 percent to about 50
percent, although the common range is 5-20 percent. Makatite was also
identif ied in trona at a depth of 31 feet in dri l l  hole A and at a depth of
27 |eet in dri l l  hole D (Fig. 1).

Oprrcar, aNl PuysrcAr, PRopERTTES

The makatite occurs as white spherulites or radiating acicular ag-
gregates that fill or partly fill cavities in the coarsely crystalline trona.
Makatite is length slow and shows parallel extinction. Indices of re-
fraction ar e nmin. : I.47 2 + 0.00 1 and ltmax. : 1.487 + 0.00 1. Other optical
parameters could not be measured because the crystals were too small.
The spherulites are 0.05-0.3 mm in diameter (Fig. 2). Electron micro-
graphs show that individual crystals are 0.0.5-2.Opm wide and commonly
5-30prm long. Makatite commonly replaces trona and is locally pseudo-
morphous after bladed trona. The pseudomorphs are spongy in appear-
ance because of the spherulitic character of the makatite. Specific gravity
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Frc. 3. Difierential thermal analysis curve for makatite, by Erwin L. Dosch.

of makatite, measured by a sink-float technique in a mixture of bromo-
form and acetone,  is  2.072+0.005.

DrplnnrNtrAl THERMAL ANar-vsrs

A differential thermal analysis of makatite is shown in Figure 3. The
sample was heated in a static nitrogen atmosphere at 10o per minute
using a platinel thermocouple. Sharp endothermic peaks are at 80o,
100o, and 185oC; the peak at 185oC is particularly large. Broad endo-
thermic peaks are at 530o and 810oC, and a possible broad exothermic
peak is at 675oC. The endothermic peaks between 80" and 185"C prob-
ably result from the loss of water and suggest that the water is lost in
tirree stages.

X-nav D.tr,q

X-ray diffractometer powder data and cell dimensions for makatite
are given in Table 2. The powder data were indexed by computer from
preliminary cell dimensions derived by Akira Kato using Ito's (1950)
method. Final cell dimensions were obtained by a least-squares refine-
ment through use of the U.S. Geological Survey's FORTRAN IV Pro-
gram W9214.  The or thorhombic cel l  parameters are:  o:16.840*8 A,
b:10.255+4 A, ,  c : lg . l46X7 A,  and V:3,306.9t  1.5 43.  Agreement
between the observed and calculated d values is generally good. How-
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hkl, d (calc) d (obs.)
(A) (A)

d (calc.) d (obs.)

(A) tAr

0 1 1
200
203
t2 l
022
303, 4100
105
32r
322
030
500
215
23t
033
116
225
520
332

9 0 4
8 . 4 1
5 . 0 9
+ .  1 5 9
4 . 5 1 6
+ . z t l

J . I J I

3.694
3 . 5 3 2
3.419
3 . 3 8 1
s . 2 7 9
3.127
3 . 0 1 5
2.996
2.882
2.816
2 . 7 9 3

9.O4
8 . 4 2
5 . 0 9
4 786
4.520
4 . 2 r 5
3 . 7 3 4
J  / 1 4

3.521
3.4t9
3 .368
3.300
3 . r25
3 .014
2 998
2 .883
2  815
2 .793

6ll
0.35
334, 613
622
614
342
@6
436
640
805
717

53
29

100
7

29
10
12
8

36
29
10
. tJ

2 l

42
z

1 1

2.680 2 680
2 . 5 5 0  2 . 5 5 0
2.496 2 493
2.383 2 .384
2 . 3 6 2  2 . 3 5 6
2.266 2 .266
2 . 1 0 7  2 . 1 0 8
2 042 2 040
1.893 1 .893
r .846 1 .845
1 . 7 7 9  1 . 7 7 9

o

74
1 a

10
t9
5
7

()
o

7

Orthorhombic
a(A):  to .s+o+s
b(A):10 256+4
c(A): ls  .146+ 7

Z (As ; :3 ,396  9 * t . t

u Difiractometer, nickel-filtered CuKar radiation, 1o divergence slit, 0.01-inch receiving
siit, scanning speed of l" 20 per minute, fluorite internal standard.

ever, significant differences between the observed and calculated values
for the (321), (322), (500), and (215) reflections suggest that makatite
may have lower symmetry than orthorhombic. Attempts to derive cell
parameters by electron diffraction and X-ray single crystal techniques
were unsuccessful.

Cnplrrc.q.r ANervsrs

Material for chemical analysis was obtained by first removing the
trona by repeated washings in an ultrasonic bath of distilled water. The
relatively large pyrogenic or epiclastic anorthoclase crystals that re-
mained after this treatment were removed by hand picking under a
binocular microscope. The remaining material weighed 1.2 grams-all
nearly pure makatite. The results of a chemical analysis of this rnaterial
by Vertie C. Smith are given in Table 3. Minor organic material ac-
companied the analyzed makatite, and its loss accounts for the low total
of.97.44 percent in column 1 of Table 3. By simplifying the mole ratios,
the formula of makatite can be expressed as NazSiqOs.SH2O, or as
NaSLOT(OH)r'HrO if HrO+ is arbitrari ly assigned to (OH) groups and
HzO- is assigned to (HrO).

Using the measured cell volume, the calculated density is 2.068 g/cm3
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Tl,ere 3, Cnnurcl.r- Awar,vsrs ol M.qxn:rrrB

MoIe ratios

sio:
AlsOa
Fe:os
Mgo
CaO
Na:O
KzO
HrO+
HrO-
TiOr

Total

61 .04
-  l J

. 1 1

.04

.28
1 4 .  / o

.09
t 2 . 7 1
8 . 1 2

. t 4

O J . I /

t5 .28

I J . I J

8.40

4 . 2 6

1 . 0 0

2 . 9 6
1 . 8 9

97.M 100.00

1. Sample B-94, Lake Magadi, Kenya, Serial No. D 102127; analyst: Vertie C. Smith.

AhOa includes PzOs, and total iron is reported as Fe2O3. Low total probably due to loss

of organic material.
2. Analysis in column 1 recalculated to 100 percent disregarding Al2O3, Fe2O3, MgO.

CaO, KzO, and TiOz.

for 21[NaSirOa(OH)r.HrO]. The measured specific gravity (2.072) and

calculated density are in good agreement, but Z:21 is probably in-

consistent with orthorhombic symmetry.
The composition of makatite is compared to that of magadiite and

kenyaite in Figure 4. Makatite contains more Na2O and H2O but less

SiOz than either magadiite or kenyaite. The composition of makatite is

very close to that of two crystalline sodium tetrasilicates' one synthesized

by Baker et aI. (1950) and the other by McCulloch (1952). McCulloch
(p. 2a55) showed that the two synthetic compounds had distinctly

different X-ray difiraction powder patterns. The X-ray data of makatite

do not match either synthetic material, which suggests the existence of

at least three polymorphs of a hydrous silicate with a mole SiOz/NazO
ratio of about 4.

GtNBsrs

The solubil ity of sil ica in sodium carbonate-bicarbonate brines is a

major factor in the precipitation of sodium silicate minerals (Eugster,

1967; Jones et al., t967). Sodium carbonate-bicarbonate brines that are

exposed to the atmosphere commonlyhave a pH of 9.5-11. These alka-

line brines can store substantial amounts of silica in solution. Jones et al.

(1967) found that the Lake Magadi brines contain sil ica in concentra-

tions as high as 1,450 parts per million.



MAKATITE 36s

To No2O To H2O
Fro. 4. Silica-rich part of the system NazO-SiOz-HzO, in weight percent. Abbrevi-

ations: K, kenyaite; Mg, magadiite; Mk, makatite; Sb, synthetic sodium tetrasilicate by
Baker et aI. (1950); Sm, synthetic sodium tetrasilicate by McCulloch (1952).

Direct precipitation of a sodium silicate mineral from waters of a
sodium carbonate-bicarbonate lake that contains a high concentration of
dissolved silica can be effected by lowering the pH or by evaporation.
The precipitation of magadiite in the High Magadi Beds was attributed
by Eugster (1967; 1969) to a lowering of pH by dilution. The High
Magadi Beds were probably deposited in a stratified lake in which fresh
water lay over sodium carbonate-bicarbonate brine. Magadiite precipi-
tated at the interface where the pH was lowered. Thus, precipitation in
stratified lakes probably explains the bedded deposits of magadiite.
Evaporation of the brine probably would not result in bedded deposits
of sodium silicate minerals, but instead would result in a deposit of
trona containing disseminated sodium silicates.

Makatite and magadiite in the trona of drill hole B seem to be of
diagenetic origin because both replace trona. Direct precipitation from
the brine seems unlikely unless the present silicates have simply re-
crystallized from primary deposits of the same mineralogy. Probably the
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magadiite are not understood. The. two hydrous sodium silicates differ

in lhemical compositionl therefore, chemical parameters such as the

activities of sodium, silica, or watel may have controlled their crystalliza-

tion. Inasmuch as both minerals occur in trona, the activities of sodium

and water probably were not the chief controlling factors. The distribu-

tion of the two silicates in the closely sampled 70- to 96-foot interval of

drill hole B suggests that the activity of silica was the principal control.

Makatite occurs alone in trona from the 88.5- to 95.5-foot interval.

Magadiite occurs in trona or in trona with clay in zones both above and

below the interval containing only makatite. The magadiite zones also

than makatite.
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