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Abstract 

Lizardite and clmochlore from the Wakamatsu mine, Tottori prefecture were investlgated 
by means of X-ray, differentral thermal and chemical analyses 

It was proved that the 1lzardite shows characteristic X-ray powder patterns as described 
in the paper. 

Chlorite was identified by X-ray powder data, but the name clinochlore was determined 
by chemrcal compositron 

The umt cell dimensrons and the chemlcal composrtions of the minerals are mentioned in 
the paper. 

Introductiou 

Chrysotile, Iizardite and antigorite compose the serpentine group minerals. The best 

classification of the minerals in the serpentine group is that of Whittaker and Zussman 

(1956) based on the X-ray diffraction result. Lizardite is generally known as a variety 

of serpentine minerals and the unit cell is single layered orthogonal (~=90'). This 

mineral reported first by Midgley (1951) for a serpentine mineral from Kennack Cove, 

Lizard, Cornwall is white and platy 

It was identified by the writer that a blakish part of the ultrabasic rock distributed 

on the south level of Wakamatsu mine, Tottori prefecture is composed of lizardite by 

means of X-ray powder patterns, differential thermal analysis and chemical analysis 

Chlorites are a group of minerals with layered structure, which in many respects 

resemble the micas. It was investigated by X-ray powder method (McMurchy, 1934 ; 

Engelhardt, 1942 ; and others) that the structure of chlorites is one of regularly 

alternating talc-1ike and brucite-1ike sheets. 

A clinochlore rock from the chtigiri level of Wakamatsu mine, Tottori prefecture was 

found by the writer as a xenolith in chromite body, and the clinochlore was studied 

by X-ray, differential thermal and chemical analyses 

Lizardite 

X-Ray Powder Dif-fraction Patterns 

The X-ray powder diffraction patterns of the lizardite from the above mentoned area 
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and heated specimen were taken by a Shimazu X-ray diffractometer, Ni-filtered copper 

radiation (Cu.Kc~ : I . 5418) was used under the following experimental conditions ; 35 

kV, time constant I .25 seconds, scanning speed l' per minute, chart speed I cm per 

minute, full scale I . OOO counts and slit I mm (divergent) -0.2 mm (receiving) . The 

typical diffractometer traces for the lizardite specimen and the changes observed in the 

X-ray powder patterns after successive heatings was summarized in Table l 

The spacings and intensities of this specimen almost correspond to those of lizardite 

described by Whittaker and Zussman (1956) . The reflections 202 at about 2 . 5 A and 

204 at about 2 . 15 A., and the pair of reflections of 060 at about I . 54 A and 208 at about 

1 . 51 A are available for the distinction of lizardite from antigorite and clinochrysotile 

The strong line from antigorite at d=2.52 A may be confused with 202 of lizardite but 

it should be noted that in the latter varieties d202 has been observed about 2.51 A. The 

strong line at d =1.563 A in antigorite is important that it is not 060 and has no 

counterpart in chrysotile or lizardite patterns 

The moderately strong 060 (d=1.537 A) and 208 (d=1.506 A) in the specimen are 
not strictly equivalent to the strong pair at d = I . 535 A and I . 503 A given by lizardite 

The basal peaks (002, 004) of the specimen are strong as those of usual serpentine 

minerals, and particularly, the Oll peak is comparatively strong. These facts suggest 

that the lizardite is high in crystallinity. The lizardite (one-1ayer orhto-structure) shows 

a few weak reflections (130, 310) . 

Table l. X-ray powder data for lizardite from the south level 

of Wakamatsu mine, Tottori pref 

hkl 

(OO1) 

O11 

002 

020 

022 

004 

1 30 

20 2 

203 

204 

206 

310 

060 

208 

Normal temp 

d
 

I
 

7 . 89 25 
7 . 38 100 

4 . 63 12 
3 . 93 8 
3 . 63 49 
2 . 63 2 
2 . 508 36 

2 . 151 7
 

1 . 720 2 
1 . 537 25 

1 . 506 7 

After 200'C 

d
 

7 . 43 

4 . 61 

I
 

83 

12 

3 . 67 64 
2 . 66 3 
2.511 20 
2 . 350 3 
2 . 151 5 

1 . 538 20 

1 . 509 5 

After 300'C 

d
 

7 . 49 

4 . 65 

I
 

44 

7
 

3 ･ 70 22 

2 . 67 2 
2 . 514 15 

2 . 347 1 
2 . 160 2 
1 . 803 1 

1 . 544 

1 . 513 

8
 
2
 

After 400'C 

d
 

14 . 7 

7 . 36 

4 . 61 

3 . 67 

2 . 51 

2 . 158 

I
 

1
 

47 
8
 

27 

25 

5
 

1 . 535 10 

1 . 507 2 

(OO1) : Chlonte-like 

a* = 0.1864 
b* = 0.1084 
c* = 0.0679 
~* = 89.9'. 

Unit cell of lizardite 

a = 5.364A 
b = 9.223A 
c = 14.711A 

~ = 90' 
V == 727.8A3. 



80 Jun-ichi KITAHARA 

Table 1. (continued) 

After500oC 一
hk1 d 1 I

（001） 14．4 2
O02 7．38 15

020＊ 5．14 1
022 ，021＊ 3．91 2

101＊ 3．754 1
O04 3．673 2

130＊ 2．784 2
202 ，131＊ 2．610 8

112＊ 2．468 2
060 1．533 1

* : Olivine 

Table 1. (continued) 

hkl 

(OO1) 

020 

110 

021 

101 

111 

121 ; 221+ 

002 

310+ 

1 30 

131 

112 

041 

210 

122 

140 

220 , 211 

330+ 

132 

222 

Af ter 600'c Af ter 700'c 

d
 I I d

 
I
 

14 . 2 

5 . 15 

3 . 90 

3 . 746 

3 . 506 

3 . 007 

2 . 775 

2 . 521 

2 . 468 

2. 

2. 

275 

165 

1 . 752 

3
 

8
 
3
 
5
 

2
 

8
 

12 

10 

7
 

2
 

10 

() 
no mark 

: Clmoenstatite 

Chlonte-1ike 

Olivine 

5 . 12 

4 . 33 

3 . 883 

3 . 727 

3 . 493 

3 . 007 

2 . 993 

2 . 902 

2 . 771 

2 . 514 

2 . 461 

2 . 267 

2 . 245 

2 . 163 

2 . I15 

2 . 096 

1 . 749 

1 . 623 

1 . 569 

l . 496 

2
 
2
 

15 

5
 

10 

5
 
3
 
1
 

17 

25 

41 

12 

7
 
7
 
l
 
1
 

25 

2
 

3
 
8
 

Af ter 800c' 

d
 

I
 

5 . 14 

4 . 36 

3 ･ 900 

3 . 746 

3 . 4.93 

3 . 003 

2 . 893 

2 . 871 

2 . 771 

2 . 514 

2 . 461 

2 . 347 

2 . 320 

2 . 270 

2 . 163 

1 . 750 

1 . 672 

1 . 638 

1 . 615 

1 . 496 

5
 
3
 

17 

10 

8
 

10 

2
 
1
 

22 

39 

29 

3
 
3
 

24 

7
 

29 

3
 
2
 

5
 

7
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Thermal Changes 

On heating up to 4.00'C the lizardite still maintains well its original structure, and 

the basal peaks (002, 004.) and the pair peaks (060, 208) decrease about 500/0 in intensity, 

the other peaks decrease moderately. The Oll peak found at normal temperature, 

diminishes at 200'C and chlorite-like 14 .7A Iay.er appears at 400'C after the partial 

dehydration. When heated at 500'C for one hour, the disruption of the original 
structure remaining the basal and 060 peaks almost completes, and forsterite peaks are 

observed and this is followed by disappearance of the lizardite at about 700'C. After 

heating at 600'C for one hour, the lizardite transforms to forsterite, remaining the 
reflection that diminishes from 14 . 7 A down to 14 . 2 A of chlorit~-1ike layer. A part of 

the mineral is converted to an intermediate chloritic material with a spacing which 
remove from 14.7A at 4.00'C to 14.2A at 600'C as mentioned above. An amorphous 

state is distinctly presented at 500'C and followed by the appearance of forsterite 

pattern. Here the intensity of the low angle reflection (OO1) (chlorite-like layer) at 600'C 

is weaker than the one of 500'C, and then at 700'C the chlorite-like reflection is not 

observed. It may be considered that the formation of the chlorite-like 14 A Iayer is 

contained appreciable amount of alumina and ferric oxide in the specimen, and it may 

also be recalled that chlorite-like layer persisted after the partial dehydration of 

magnesia chlorite. After heating at 700'C for one hour, forsterite patterns with slight 

clino-enstatite reflection from the mineral are remarkably developed before or after the 

lizardite reflections completely disappeared 

Serpentines transform to forsterite in the same general way as do magnesian chlorites 

Although the final transformation appears to be closely similar for all structural 

varieties of serpentines, the transitional sta*"e appears to depend on whether the initial 

minerals have a tw0-1ayer or a orie-1ay~r type of structure. It is said that the two-layer 

serpentines behave similarly to the two-layer alumina silicate, giving a transitional 

product with a nearly constant 14.5 A spacing, while the one-layer serpentines generally 

give a transitional product with a spacing which diminishes from about 14 A down to 
lO A. 

The transformation of pure lizardite (magnesian serpentine) to forsterite is as the 

following relation 

2Mg3Si205 (OH) 4 = 3Mg2Si04 + Si02 + 4H20 

The unit cell relations, 2as(Serp.) ~ bF(Fo.) and 2s ~3cF , show that four cells in one 

layer of serpentine transform to 3 ce'lls in one layer of forsterite 

It is possible to determine the composition from the X-ray diffraction powder data 

The molecular fraction (x) of the olivine generated at 800'C from the specimen is 

calculated as follows 

x=15.8113V3.035~~-d(~13~d) -7.2250 (Fisher and Medaris, 1969) 

= O . 911, 

Fo (mole o/o) =91.1. 

Fo (mole o/o) = 4.233 . 91 - 1494 . 39 )･. d (130) (Yoder and Sahama, 1957) = 90 . 9 

The lattice parame'ter and the unit-cell volume of the olivine (F0g0.9) generated at 800'C 

are listed as follows : 
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a 4 760A b 10 220A, c=5.991A, V=291.4A3. 

Differential Thermal Analysis 

The differential thermal analysis curve (Fig. 1) for the mineral was obtained under 

the heating rate of lO' per minute and chart speed of 4 mm per minute. The differential 

curve consists of their principal peaks : (1) an endothermic peak at about 104'C, 

appearing small endothermic reaction-like forms at 222'C, 402'C and 661'C, (2) a 

relatively broad but well-marked endothermic peak at 664'C, starting at about 614'C 

and finishing at about 700'C, and (3) a strong, sharp exothermic peak at 795'C, 

starting at about 780'C and finishing at 810'C. The low temperature endothermic peak 

is mostly caused by the removal of absorbed water. The high temperature endothermic 

reaction between about 600'C and 700'C, which is due to dehydration of constitutional 

water but it is not so much investigated as compared with those of chrysotile and 

antigorite. The pre-temperature region of this endothermic reaction corresponds to the 

The endothermic peak agrees to the formational stage of chlorite-1ike material. 

expulsion of structural water as mentioned above or the complate decomposition of its 

structure. Between 700'C and 780'C, no thermal reaction can be recognized on the 

curve, so it is indicated that the stage is amorphous state before the formation of 

forsterite. The sharp exothermic peak seems to be related to the formation of forsterite 

and/or enstatite between 700'C and 800'C, but in the specimen heated at 500'C, olivine 

is slightly appeared on the X-ray powder pattern 

Chemical Analysis 

The lizardite specimen was chemically analyzed by the writer. The chemical compos-

ition and atomic ratios calculated on the basis of (O, OH) = 9 are shown in Table 2 

In the general formula of natural serpentine X6Y40ro (OH) E,., X represents the possibility 

for the substitution of the ions Mg2+, Fe2+, Fe3+, C02+, Ni2+, Mn2+, Cr3+, Cu2+, A13+ 

900 ' (o 

7co ' 

EX 

500 ' 

EN 

300 ' 

Fig. 1. Differentral thermal curve for the llzardrte from the Wakamatsu 

mme, Totton pref 



Table 
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2. Lizardtte from the south level of Wakamatsu mine, Tottori pref 

83 

Si02 

Ti02 

A1203 

Fe203 

FeO 
NiO 

MnO 
MgO 
Ca O 

Na 2 O 

K20 
H20. 
H20_ 

Wtolo 

38 ･ 52 

O ･ Ol 

2 . 33 

3 . 64 

1 . 95 

O . 06 

O ･ 07 

38 . 36 

O . 13 

O ･ 07 

O . 02 

13 . 97 

O . 62 

99 . 75 

Mols 

641 

0･1 

23 

23 

27 

0･8 

1
 

959 

2
 
l
 
0･2 

7 76 

Si 

Ti 

A1 

Fe3 

Fe2 

Ni 

Mn 
Mg 
Ca 

Na 

K 
H. 
O
 

Atom. ratros 

641 

0･l 

46 

46 

27 

0･8 

959 
2
 
2
 
0･4, 

1552 

3187 . 2 

(O, OH) =9.00 

l . 810 

O . O003 

O . 130 

O . 130 

O ･ 076 

O . 002 

O . 003 

2 . 708 

O . 006 

O ･ 006 

O ･ OO1 

OH 4･.383 

O 4 . 617 

Tetrahedral ions 

Si4+ l . 810 

A13+ O . 130 

1 . 940 

Amons 

02- 4.617 
(OH) - 4 . 383 

9 . OOO 

~ Charges on anions 13.618 
2 Charges on cations 13 . 617 

Octahedral ions 

A18 + 

Ti4+ 

Fe8+ 

Fe2+ 
Ni 2 + 

Mn2+ 
Mg2+ 
Ca 2 + 

Na + 

K+ 

O
 
O . 130 

O ･ 076 

O . 002 

O . 003 

2.708 
O . 006 

O . 006 

O . OO1 

2 . 932 

(Analyst : J. Kitahara) 

and Ti4+ in octahedral coordination ; Y represents Si4+, A13+, and Fe3+ in tetrahedral 

coordination and OH represents (OH) -, C1-, and F~ 

A ratio of Fe203 to FeO for the lizardite is larger than that of antigorite or chryso-

tile. If the mineral formula is calculated on the assumption of 14 negative charges, 

the average sum of octahedral cations is 2 . 932, but involves excess (4 . 383) of hydroxyl 

The sum of tetrahedral ions for the lizardite is I .940, and low than 2.00 (Table 2) . 

The lizardite have lower ratio (10 .7) of (Fe2++Mg~+) to (Fe8+H- A13+) than that of 

normal chrysotile (Fig. 2) . The anion charges of the lizardite are 13 . 618 and those of 

cations are 13 . 617 (Table 2) . Those values are almost equal, so it shows that the chemical 

analysis is correct. 

Occurrence 

The principal occurrences of serpentine minerals are those in which they are derived 
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　　（After　Page）Great　open　c1rc1e　represents　the　chemca1compos1t1on　of

　　11zard－te　from　the　Wakamatsu　mme　Tottor1pref

from　uヱtrabas1c　rocks　The　processes　wh1ch　serpent1n1zat1on　takes　p1ace1n　such　rocks

as　d．m1tes　pyroxemtes　and－per1dot1tes　have　been　the　sub］ect　of　much　d1scuss1on

The　format1on　of　serpentmes　by　the　act1on　of　water　on　forstente　can　occur　on1y　be1ow

400oC　　Bowen　and．Tutt1e　suggest　that　the　o11Y1ne　and．Pyroxene　are　mtruded　m　the

crysta11me　state　w1thout　water，and．are　subsequent1y　serpent1n1zed．be1ow500oC　by

water▽apour　acqu1red　through　contact　w1th　wet　rocks　　If　the　three▽ar1et1es　have　no

essent1a1che皿1ca1dlfference，1t　cou1d　a1so　be1nferred　that　the　forInat1on　of　each　po1y一

㎜orph　m　nature1s　fa∀oured－by　part1cu1ar　eny1ronmenta1cond1t1ons　L1zard1te（士
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chrysotile) serpentinite generally occurs in higher-grade static metamorphism. In lower-

grade static metamorphism, massive ultrabasic rocks consist predominantly of lizardite, 

whereas shearing produces preferentially chrysotile. Antigorite originates in a higher 

dynamometamorphic environment. The area is predominantly composed of serpentinized 

harzburgite, but it is considered that a small part of dunite only in the ultrabasic rock, 

was hydrothermally autometamorphosed to lizardite 

Clinochlore 

X-Ray Powder Data 

The X-ray diffraction patterns of the clinochlore fronl the chtigiri level of Wakamatsu 

mine, Tottori prefecture were taken by Shimazu X-ray e~uipment under the above 

mentioned same experimental conditions. The X-ray powder patterns and data L0r 

normal and successive heating specimens are as shown in Fig. 3 and Table 3. The 

clinochlore rich in magnesia and alumina gives moderately weak reflection for OOI and 

003 net planes and comparatively strong peak for 002 and 004 ones. The identification 

by X-ray analysis for the various forms of chlorite is very difficult unless chemical and 

optical data are available. The lattice constants of the specimen computed from the 

reciprocal lattice are as the following description : 

800~C 
i
l
 700~c t 

f
 

50 o~c '. 

i
 

400~cJ + 

300~c~ ~~' 

{
 200~c~ Lt '~~ I V~~_LJv~-~-l

 

N~'m'l/ l" ~- ~ ~AJ~~~-* T*~P '~ky/ 

5 lO 20 50' 2 e 30 40 

Fig. 3. X-ray powder diffraction patterns for clinochlore and its heated specimens 
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Q004 O 0788 Q201=0.1543, Q204 O 2475 Q060 O 4232 

a* =0.0701, b* =0.1084, c* =0.1890, ~* =83'2/ 

a=5.330 A, b=9.223 ~¥_, c=14.353 A, ~=96'58/ 

dlo0=5.291 A, V=700 4 A3 

Thermal Changes 

Each of the fine powdered specimens was heated in an electric furnace, and kept at 

successive temperatures from 200'C to 800'C at intervals of 100'C. After cooling, the 

diffractometer traces of each of the heated specimens were obtained with Shimazu X-ray 

equipment as described above 

In the course of the transformation from clinochlore to olivine, silica and water are 

expelled from the structure, but the role of aluminum is not understood for clinochlore, 

where the Al203 content is greater, the formation of olivine is impeded. When the 

clinochlore specimen is heated in electric furnace, olivine appears at 700'C on the X-

ray diffraction pattern, but chlorite structure is still remained. The structure of clinoc-

hlore is almost decomposed, remaining slightly OOI reflection at 800'C. Thermal data 

are considerably influenced by the state of substitution of the specimen, and by the 

precise chemical composition, particularly iron content. For chlorite the 14 A~+ spacing 

is not generally changed on moderately heating to about 700'C. The specimen have a 

Table 3. X-ray powder data for clinochlore from the ch~giri level of 

Wakamatsu mme, Totton pref 

hkl 

OOl 

002 

003 

020 

004 

005 

131, 105 

131, 202 

132, 201 

132, 203 

133, 202 

133, 20i 

007 

135, 204 

135, 206 

136, 205 

137, 208 

060, 331 

062, 331 

0･0.lO 

208 

Normal temp 

d
 

14 . 3 

7 . 16 

4 . 75 

4 . 59 

3 . 56 

2 . 84 

2 . 65 

2 . 58 

2 . 54 

2 . 44 

2 . 38 

2 . 26 

2 . 029 

2 . OIO 

1 . 887 

1 . 827 

1 . 569 

1 . 537 

1 . 503 

1 . 400 

I
 

42 

83 

44 
5
 

53 

15 

2
 
5
 

12 

8
 
4
 
3
 
2
 

13 

3
 
4
 
9
 
8
 
3
 

4
 

After 200'C 

d
 

14 . 6 

7 . 21 

4 . 78 

4 . 64 

3 . 58 

2 . 86 

2 . 58 

2 . 54 

2 . 45 

2 . 39 

2 . 28 

2 . 036 

1 . 99*o 

1 . 891 

1 . 827 

l . 572 

l . 538 

1 . 504 

1 . 424 

l . 399 

I
 

30 

61 

42 
5
 

60 

15 

3
 
6
 
5
 
3
 
2
 
2
 
7
 
2
 
2
 
9
 
5
 
2
 
1
 
8
 

After 400'C 

d
 

14 . 4 

7 . 16 

4 . 77 

4 . 61 

3 . 57 

2 . 86 

2 . 58 

2 . 54 

2 . 44 

2 . 38 

2 . 26 

2 . 034 

2 . 009 

1 . 889 

1 . 827 

1 . 569 

l . 538 

1 . 503 

1 . 425 

1 . 399 

I
 

40 

75 

47 
3
 

51 

15 

3
 
7
 

4
 
3
 
4
 
8
 
3
 
2
 
8
 

2
 
2
 
7
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Table 3. (contmued) 

hkl 

OO1 

OIO 

002 

OO~* 

020 

004 

005 

13T, 10~ 

131, 202 

132, 201 

132, 203 

133, 202 

133, 201 

135, 204 

1*"5, 206 

136, 207 

060, 331 

062, 331 

208 

d
 

After 500'C 

14 . 2 

9 . 45 

7 . 19 

4 . 78 

4 . 64 

3 . 56 

2 . 82 

2 . 67 

2 . 61 

2 . 56 

2 . 45 

2 . 33 

2 . 26 

2 . 008 

l . 882 

1 . 712 

1 . 546 

l . 514 

1 . 387 

I
 

100 

3
 
9
 
2
 
2
 
7
 

26 

6
 
2
 
2
 
8
 
2
 
4
 

2
 
1
 
2
 
6
 
3
 
3
 

d
 

After 600'C 

14 . 2 

9 ･ 56 

7 ･ 21 

4 . 76 

4 . 67 

2 . 81 

*2 . 68 

2 . 60 

2 . 56 

2 . 46 

2 . 34 

2 . 26 

2.19 

2 . 006 

1 . 886 

1 . 553 

I
 

79 

4
 
2
 
5
 
6
 

24 

5
 
1
 
l
 
6
 
2
 
2
 
2
 
2
 
2
 

5
 

basal spacin*' of approximately 14.3 ~':¥-14 .6 ~9~, and is stable when heated to 500'C 

The mole percent of forsterite generated at 800'C from the clinochlore is as follows 

Fo (mole o/o) = 4233 . 91 - 1494 . 59 x d (130) (Ydder and Sahama, 1957) 

= 4233 . 91 - 1494 . 59 x 2 . 776 

= 85 . O. 

x=15 . 8113V3 . 0358 - d (130) - 7 . 2250 (Fisher and Medaris, 

1969) 

= O . 839, 

where x : mole fraction of forsterite 
Fo (mole o/o) =83.9. 

The mole percent of above mentioned sample that derived from d (112) (Jahanba*"-

loo, 1969) is 85.0. 

The unit cell dimension of the forsterite (85 .O mole o/o) is as follows : a=4.858 .,-~, b= 

10.256A, c=6.012A, V=294..O A3 

Differential Thermal Analysis 

The fine-grained clinochlore shows an endothermic peak at llO'C, to expulsion of 

adsorbed water. That position of peak affected by composition is proved by curve from 

the clinochlore, which is the first large endothermic peak at 655'C. The temperature 

of the second endothermic peak is related to the amount of silicon in the tetrahedral 

sheet ; the higher the silicon content, the higher the temperature of this peak. Thus the 
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Table O. (conitnued) o 

hkl 

OO1 

002 

020 ' 

021 ' 

101 ' 

O 04 

111 ' 

220 + 

310+ 

005 
1 30 ' 

131 ' 

112 ' 

122 ' 

140 ' 

220', 211' 

22*o ' 

137, 208 

060, 331 

d
 

14 . 2 

7 . 19 

5 . 12 

vo . 90 

After 700'C 

UQ ' 513 

2 . 862 

2 . 809 

2 . 682 

2 . 514 

2 . 461 

2 . 323 

2 . 267 

1 . 749 

l . 615 

1 . 559 

1 . 553 

Olivine 

Clinoenstatite 

I
 

41 

1
 
1
 
2
 

2
 

1
 

19 

2
 
2
 
9
 
2
 
5
 

o
u
 

1
 
l
 
2
 

d
 

14 . 2 

After 800'C 

5 . 14 

3 . 883 

2 . 738 

3 . 506 

3 . 158 

2 . 875 

2 . 775 

2 . 514 

2 . 461 

2 . 270 

2 . 253 

2 . 160. 

1 . 749 

l . 672 

1 . 492 

1 . 475 

1 . 392 

I
 

1
 

1
 
4
 
2
 

3
 

10 

5
 

11 

11 

3
 
3
 
o J 
7
 
1
 

1
 

l
 

clinochlore specimen decomposes at temperature of 805'C, and is followed by a small 

exothermic reaction 

The exothermic peak occurs at 817'C, and the peak is related to the formation of 

forsterite and clinoenstatite 

Chemical Analysis 

The specimen is readily attacked by hydrochloric acid leaving behind a colloidal 

silica. In the case of a magnesian chlorite, it has been suggested that aluminian ions 

in tetrahedral coordination are less readily removed than those of octahedral sites 

The pure specimen was analyzed by the writer, and the atomic ratios were calculated 

by means of a computer. 

The result is shown in Table 4. Tetrahedral and octahedral ions are denoted in 

T.able 4, based on 4 of tetrahedral ions 

In chlorites a wide range of substitutions occur in talc and brucite layer. s, silicon 

being replaced by aluminum within the range CSi3'5Al0'5~Si2A12)t. A first subdivision 

is made between chlorites with more than 4 percent Fe203 and those with less, and 
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Table 4. Clmochlore from the chtigiri level of Wakamatsu mme Totton pref 

Si02 

Ti02 

A1208 

Fe203 

FeO 
NiO 

MnO 
MgO 
CaO 
Na20 
K20 
H20+ ' 

H20_ 

Wt olo 

32 . 61 

O ･ 02 

19 . 77 

1 . 73 

1 . 15 

O ･ 25 

O ･ O1 

32 . 76 

0.03 

O . 03 

O ･ 02 

11 . 61 

O ･ 08 

100 ･ 07 

Mols Atom ratiOS 

544 

194 

11 

16 

3
 

819 

645 

.3 

.1 

.5 

.5 

.2 

Si 

Ti 

A1 

Fe3 
Fe 2 

Ni 

Mn 
Mg 
Ca 

Na 

K 
H
 

544 

388 

22 

16 

3
 

819 

1
 

1290 

3
 

l
 

5
 

4
 

Ditto when (O, OH) = 18 

OH 
O
 

3 . 070 

O . 002 

2 . 190 

O . 124 

O . 090 

O . 017 

O . OO1 

4 . 622 

O . 003 

O . 006 

O . 002 

7 . 281 

10 ･ 719 

Table 4. (continued ) 

(Analyst : J Kitaha ra) 

Tetrahedral ions 

Si 3 . 070 

A1 O . 930 

4 . ooO 

Fe203 : 1.730/0 " " 'O . 124 

(Fe 2 + Fe 3) / (Fe 2 + Fe 3 + Mg) = O . 044 

Octahedral ions 

A1 
Ti 

Fe8 
Fe 2 

Ni 

Mn 
Mg 
Ca 

Na 
K
 

l . 260 

O . 002 

O . 124 

O . 090 

O . 017 

O . OO1 

4 . 622 

O . 003 

O . 006 

O . 002 

6 . 127 

Clmochlore (composition range) 
(A11 .8 5_.7 oFe3.0 o -.8 oFe2 o o - .80Mg3. 65 _ 5 .1 o) 

(R31.45_.ooR24.45_5.1 o) (Si2.76_3.10A11.24-.90) Olo (OH) 8 with Fe2/R2

R3 1 384 R2 4 733 S1 3 070, Al=0.930, Fe2/R2=0.019 (clinochlore specimen) 

these are termed oxidized and unoxidized respectively. Unoxidized chlorites are the 

most common and for these divisions are drawn according to Si content. Chlorites 

were produced from composition with more than O . 50 Al per formula unit at temperat-

ures above 500'C. Septechlorites were produced for all composition from Mg3Si205(OH) 4 

(serpentine) up to (Mg2Al) (SiAl) 05(OH) 4 at temperatures below 500'C. The number of 

silicon atoms per formula unit of the specimen is 3 . 07 out of a maximum of 4 

Tetrahedral coordination is O .93 atoms of Al, and octahedral coordination is I . 26 

atoms of Al. Chlorites are described by three suitable parameters : ferric iron, silicon, 

and total iron. The idealized composition of a pure magnesian chlorite should be 
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Mg3Si4010(OH)2' Mg3(OH)6' In it Mg can be replaced by Fe2, Fe3, A1, C~3, Ni, or Mn, 

Al also replacing Si in the tetrahedral sites. The general formula of chlorite should be 

written as (Mg, Fe, Al, Cr, Ni, Mn) 3 (Si, Al) 4010 (OH) 2' (Mg, Fe; Mn) 3 (OH)6' The 

The clinochlore cherDical compo'*ition range of clinochlore is shown in Table 4.. 

composition (Mgl.6Fe0'2Ah.3) (Si3'1Al0'9) Oro (OH) 8(Fig. 4) was calculated from the chemical 

analysis and confirmed by the position and intensity of the OOI reflection on the 

diffractogram. The clinochlore composition is limited in the range as shown in the 
table . 

Occurrence 

Chlorites are common constituents of igneous rock in which they have generally 

been derived by the hydrothermal alteration of primary ferromagneaian minerals. The 

composition of chlorite is often related to that of original igneous rocks, and clinochlore 

(aluminum-rich chlorite) is commonly found as replacement of aluminum rich enstatite 

The formation of chlorites, during the regional mefamorphism of ultrabasic rocks is 

not common, but has been described from a number of localities 

The nickel-containing clinochlore specimen in the region is related to ultrabasic rocks, 

which have undergone hydrothermal alteration of enstatite rich xenolith in a chromite 

body. Here the earlier deuteric chloritization of primary enstatite has been followed by 

FERROANTIGORtTE OAPHNITE 2(Hf"s,ao~ 80 eo 20 3(H*F'2AtaSi08] 

Fig. 4. 

OO 
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ANTIGonaTE AMESITE Chemical and optical classifications of chlorite. (After Wmchell.) Dot'represents 

the analysis of clinochlore from the Wakamatsu mme, Totton pref 
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more extensive hydrothermal action. The hrydothermally formed chlorite differs from 

the deuteric chlorite in being fine-grained and colourless. The clinochlore is tlne last 

mineral of the hydrothermal alteration sequence, and in the most advanced stage of 

the alteration almost completely replaced the earlier formed talc. Thus, it appears that 

the deuteric hydrothermal alteration of pre-existirLg rocks in the region resulted in the 

formation of chlorite and serpentine in large amounts as described above 
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