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ARegularly　Interstrati6ed　Chlorite／Vermiculite

　　　　　　　　　　　　　　in　a　Talc，Chlorite　Vein

Yoshihiro　NAKAMuTA

Abstract

　　　　Aregularly　interstrati6ed　chlorite／vermiculite　was　found　at　the　surface

of　an　outcrop　of　talc－chlorite　vein　which　developed　in　a　serpentinite　body　at

Torika，　Saipi－Cho，　Nagasaki　Pref㏄ture，　Japan．　The　regularly　illterstratified

chlorite／vermiculite，　which　is　regarded　as　a　weathering　product　of　A1－poor　Mg－

chlorite　with　Ilb　polytype　on　the　basis　of　its　mode　of　occurrence，　was　inves－

tigated　by　x－ray，　chemical，　infrared　and　thermal　methods　together　with　the

parent　chlorite．

　　　　The　regularly　interstrati6ed　chlorite／vermiculite　forms　an　intimate　mix－

ture　with　chlorite　in　varying　proportions，　and　seems　to　be　a　relatively　stable

intermediate　phase　in　the　weathering　process　of　chlorite．　The　chemical　and

x－ray　properties　of　the　regularly　interstrati6ed　chlorite／ve㎜iculite　suggest

the　preferentiaI　removal　of　alternate　hydroxide　sheets　of　chlorite　during　the

weathering　Process．

　　　　The　regularly　interstrati6e．d　chlorite／vermiculite　givesんωre且ections，

which　have　bee．n　indexed　in　terms　of　an　orthohexagonal　ce11（α：＝5．34，　b＝9．25，

o＝28．8A）．　The　20Z　intensities　are　interpreted　as　a　stacking　sequence　com－

posed　of　Iαvermiculite　and　IIb　chlorite　layer　types．

Introduction

　　　　Chlorites　are　common　constituents　of　many　metamorphic　and　sedimentary

rocks．　In　studies　of　soils　developing　on　these　rocks，　mineralogical　changes　of

chlorites　by　weathering　have　been　investigated　together　with　the　weathering

of　other　minerals（DRosTE，1956；HARRIsoN　and　MuRRAY，1959；DRosTE　et　al．，

1962；MILLoT　and　CAMEz，1963；JAcKsoN，1963；BAYロss　and　LouGHNAN，1964）．

These　investigations　indicate　that　chlorites　change　by　weathering　to　inter－

stratified　minerals　of　chlorite　and　expandal）le　layers．　JoHNsoN（1964）investi－

gated　mainly　by　the　x－ray　method　an　interstrati6ed　mineral　formed　by　the

weathering　of　chlorite　in　a　High6eld　channery　silt　loam　soil　pro61e　in　Adams

Coun七ry，　Pennsylvania．　He　showed　that　the　mineral　was　a　regularIy　inter．

strati6ed　chlorite／vermiculite，　and　hypothesized　a　preferential　removal　of　alter－

nate　brucite　interlayers　of　chlorite　in　a　Ieaching　environment．　PosT　and　JANKE

（1974）and　HARBILLoN　and　MAKuMBI（1975）also　suggested　the　formation　of
regularly　interstrati6ed　chlorite／vermiculite　in　the　weathering　process　of　chlorite．

However，　details　of　the　mineralogical　properties　of　the　interstratified　minerals

Manuscript　received　July　2，1981．



254 Y．NAKAMUTA

formed　in　the　weathering　process　of　chlorite　have　not　hitherto　been　available．

　　　　The　writer　found　that　a　part　of　the　coarse－grained　chlorite，　Al－poor　Mg－

chlorite　with　IIb　polytype，　in　a　talc－chlorite　vein　at　Torika，　in　the　Nishisonogi

Peninsula　in　the　northwest　of　Kyushu　Island，　Japan，　was　altered　l）y　weathering

into　a　regularly　interstrati6ed　chlorite／vermiculite．　In　this　study，　the　inter－

strati6ed　mineral　is　investigated　in　detail　by　x－ray，　chemical，　illfrared　and

thermal　analyses，　and　it　is　found　that　the　chemical　and　x－ray　properties　of

the　mineral　suggest　the　preferen七ial　removal　of　the　alternate　hydroxide　sheets

of　chlorite　during　the　weathering　process，　and　that　the　mineral　has　a　kind　of

three　dimensional　regularity　of　a　type　similar　to　the　semirandom　stacking　of

BRowN　and　BAIL・EY　（1962）．

Locality　and　Mode　of　Occurrence　of　the
　　　　　　　　　　Talc，Chlorite　Vein

　　　In　the　Nishisonogi　Peninsula，　in　the　northwest　of　Kyushu　Island，　Japan，

metamorphic　rocks　composed　mainly　of　graphite．quartz－muscovite　schist　and　a

small　amount　of　greenschist　are　widely　distributed．　Serpentinite　bodies　have

intruded　in　the　metamorphic　rocks，　and　they　are　distributed　mainly　along　the

axis　and　wings　of　the　Nishisonogi　anticline（NoDA　and　MuTA，1957），　which

lies　on　a　NNE－SSW　axis．
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Fig．1．『．Locality　map　of　the　talc－chlorite　vein．
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　　　　　　　　Fig．2．　Schematic　diagram　of　the　talcモhlorite　vein．

serpentinite．　　　　　　　　　　　　　　　　　　2：　fine－grained　scaly　talc．

6brous　talc．　　　　　　　　　　　　　　　　　　4：　coarse－grained　scaly　talc．

6brous　chlorite．　　　　　　　　　　　　　　　6：　scaly　chlorite．

radiated　scaly　chlorite．　　　　　　　　　　8：　foliated　chlorite．

6ne－grained　granular　chlorite　together　with　talc．

　　　　Atalc－chlorite　vein　has　developed　in　a　serpentinite　body　at　Torika，　Saipi－cho，

Nagasaki　Prefecture．　The　Iocality　of　the　talc－chlorite　vein　is　shown　in　Fig．1．

The　talc－chlorite　vein　strikes　N30°W　and　dips　60°W．　The　width　of　the　vein

is　about　65　cm．　It　is　mainly　composed　of　talc　and　chlorite　with　small　amounts

of　magnetite　and　carbonate　minerals，　and　these　minerals　occur　in　symmetrical

and　zonal　arrangement．　The　boundaries　of　each　zone　are　sharp　and　clear．

Therefore，　the　talc－chlorite　vein　was　conveniently　divided　into　five　zones　based

on　the　mineral　assemblage　and　the　habit　of　chlorite．　A　schematic　diagram　of

the　vein　is　shown　in　Fig．2．　The　zonal　arrangement　of　minerals　from　the　side

of　wall　rock　to　the　center　of　the　vein　is　as　follows：

In　the　zones　from飾rous　talc

schistosity　perpendicular　or　oblique　to　the　wall　rock　of　the

On　either

transitional　zone　about　30　cm　wide　between　the

　　　　The　surface　of　the　outcrop　of　the　vein　is　contaminated　by　a　brown　colloidaI

material，　and　most　of　the　chlorite　flakes　on　the　surface，　except　at　the　foot　of

the　overhanging　wall　shown　in　Fig．2，　have　changed　from　green　to　yellowish

green　or　brownish　yellow　in　color．　Judging　from　their　modes　of　occurrence，

the　change　of　their　color　at　the　surface　of　the　vein　is　most　Iikely　caused　by

Zone　I：　6brous　talc　with　small　amounts　of　magnetite　and　carbonate　minerals

　　　　　　　　　（10－15cm　width）．

Zone　II：　scaly　chlorite（2　cm　width）．

Zone　III：　fine－grained　fibrous　chlorite（2－10　cm　width）．

Zone　IV：　scaly　chlorite　and　coarse－grained　radiated　chlorite　with　granular

　　　　　　　　　　chlorite　alld　talc（10　cm　width）．

Zone　V：　talc　with　foliated　chlorite　arranged　approximately　parallel　to　the　walI

　　　　　　　　　rock（5－10　cm　width）．

　　　　　　　　　　　　　　　　　　　　　　　　　　　（Zone　I）　to　6brous　chlorite　（Zone　II），　a　distinct

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　vein　is　observable．

　　　　　　　　　　side　of　fibrous　talc，　scaly　talc　occurs　in　serpentinite　and　forms　a

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　vein　and　serpentinite　body．



Table　1．　Macroscopic　features　and　optical　properties　of　chlorites　in　a　talc－chlorite　vein・

Zone

II

III

IV

V

Habit

scaly

丘brous

scaly

radiated
　scaly

granular

foliated

Color

emerald
green

green

emerald
green

emerald
green

emerald
green

emerald
green

Luster

vitreOUS

earthy

vitreOUS

vitreOUS

vitreOUS

vitreOUS

　　　Average
grain　size（mm）

1－2

0．05－0．1

1－3

5－10

1

5－15

Optical　angle
　and（sign）

very　small
　　　（一）

small
（＋）

very　small
　　　（一）

very　small
　　　（一）

very　sma11
　　　（＋）

very　smal1
　　　（＋）

Pleochroism

X：pale　brownish　yellow

Y，Z：pale　green

X：brownish　yellow

Y，Z：green

X：pale　brownish　yellow

Y，Z：pale　green

X：pale　brownish　yellow

Y，Z：pale　green

X，Y：pale　green

Z：pale　brownish　yellow

X，Y：pale　green

Z：pale　brownish　yellow

Interference
　　　color

ultra　blue

pale　yellow
to　colorless

ultra　blue

ultra　blue

buぜyellow

bu鰐yellOW

β

1．582

1．591

1．583

1．583

1．583

1．585

ト9

鴫
゜
2
レ
匿
苦
d
弓
』
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weathering．　These　yellowish　green　or　brownish　yellow　Hakes　contain　the　regu－

larly　interstratified　chlorite／vermiculite　described　below．

Chlorite　in　a　Talc，Chlorite　Vein　and

　　　　　　　　Weathering　Products

◆
1 Mineralogical　Properties　of　Chlorite

　　　　As　mentioned　above，　the　chlorite　in　the　vein　shows　various　macroscopic

features．　The　features　of　the　fre8h　green　chlorites　in　each　zone　are　Iisted　in

Table　l　together　with　their　optical　properties．　All　chlorites　in　the　vein　have

small　optical　angles，　but　their　optical　signs　vary．　Optically　negative　ones，　i．e．，

scaly　chlorites　in　Zones　II　and　IV　and　radiated　scaly　chlorite　in　Zone　IV，　show

an　abnormal　interference　color　of　ultra　blue　and　have　refractive　indices（β）

of　about　1．58．　Their　optical　properties　agree　with　those　of　minus　penninite

Table　2． X－ray　powder　data　and　cell　dimellsions　for　typical

chlorites　in　talc－chlorite　vein．

1 2 3 4 5

んω

202

201

203

202

20壬

認1）

204

206

205

15；　24；　31

207

206

銘1）

060

∂（001）

Ob

∂（A） 1 d（A） 1 d（A） 1 d（A） 1 ∂（A） 1

2．59

2．546

2．442

2．386

2．26

2．05

2．010

1．89

1．83

1．574

1．540

6

10

10

4き

4き

6

8き

1き

1
百
1

6

7き

2．59

2．546

2．447

2．388

2．265

2．04

2．009

1．89

1．83

1．66

1．572

1．541

7

10

9き

5

4

2

9

3

2き

1±

6き

6

2．59

2．544

2．444

2．387

2．265

2．04

2．011

1．89

1．83

1．67

1．577

1．541

5き

9

8き

4±

4

2

10

2

2麦

1

5き

5

2．59

2．547

2．447

2．387

2．264

2．04

2．010

1．89

1．83

1．67

1．575

1．541

5

9

8き

4き

4

2±

10

3

2き

2

6き

5

2．59

2．54

2．44

2．38

2．255

2．06

2．00

1．88

1．82

1．74

1．715

1．66

1．565

1．538

5

8

7

4

4

1き

6

2き

2き

1

1
す
一

1き

3

7

14．306

9．241

14．210

9．245

14．312

9．245

14．300

9．244

1：fine－grained　scaly　chlorite　in　Zone　IIL　　2：fib工ous　chIorite　in　Zone　III・　3：

radiated　scaly　chlorite　in　Zone　IV．4：fine－grained　granular　chlorite　in．　Zone

IV．5：IIb　chlorite，　Buck　Creek，　North　Carolina（BRowN　and　BAILEY，1962）．
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Fig．3．　Chemical　compositions　of　chlorites　in　talc－chlorite　vein．

scaly　chlorite　in　Zone　II．

6brous　chlorite　in　Zone　III．

scaly　chlorite　in　Zone　IV．

radiated　scaly　chlorite　in　Zone　IV．

granular　chlorite　in　Zone　IV．

foliated　chlorite　in　Zone　V．

chemical　composition　analysed　l）y　EPMA．

as　studied　by　WINcH肌L（1951）．　Fibrous　chlorite　in　Zone　III，　granular　chlorite

in　Zone　IV　and　foliated　chlorite　in　Zone　V　are　optically　positive，　but　the　first

chlorite　differs　from　the　latter　two　in　the　interference　color　and　value　ofβ．

The　fibrous　chlorite　in　Zone　III　shows　an　illterference　color　of　pale　yellow　to

colorless　and　a　refractive　index（β）of　about　1．59，　and　corresponds　to　clinochlore．

The　latter　two　show　an　abnormal　interference　color　of　buff　yellow　and　a　re－

fractive　index（β）of　about　1．58，　and　correspond　to　plus　penninite　or　clinochlore．

　　　　X－ray　powder　patterns　of　the　chlorites　were　obtained　by　a　diffractometer，

using　CuKαradiation．　The　b　dimensions　and　basal　spacings　of　the　chlorites

were　determined　by　measuring　the　O60　spacing　and　OO12　and　OO14　spacings．

Silicon　was　used　as　an　internal　standard　for　the　measuring．　The　x－ray　powder

data　for　typical　chlorites　in　the　vein　are　shown　in　Table　2　together　with　the
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Table　3．　Chemical　compositions　of　typical　chlorites　and

　　　　　　　　calculation　of　ions　in　structural　unit．

Sample

Sio2

AI203

FeO
MgO
Tota1

　　　　　　　　　　　Si

TetrahedraI
　　　　　　　　　　　A1

　　　　　　　　　　　Al

　　　　　　　　　　　Fe
Octahedral
　　　　　　　　　　　Mg

　　　　　　　　　　　Tota1

　

HO
O

1 2 3

29．49

17．75

8．48

30．09

85．81

32．32

13．51

8．32

30．68

84．83

32．16

14．31

7．94

31．00

85．41

2．90

1．10

3．20

0．80

n

O
4

司

⊥
h
δ

　

　
　
り

0δ

0

0．96

0，70

4，41

6．07

0．78

0．69

4．53

6．00

0．84

0．66

4．54

6．04

0
8

1 O
h
δ

1 （

U
只
）

1

1：fine－grained　fibrous　chlorite　from　Zone－L　2：radiated

scaly　chlorite　from　Zone　IV．　3：6ne－grained　granular
chlorite　from　Zone　IV．　Ions　in　structural　unit　are　calcu－

Iated　on　the　basis　of　Olo（OH）8．

values　of　cell　dimensions（d（001）and　b）．　The　powder　data　for　each　chlorite

agree　with　those　for　IIb（monoclinic）polytype（BRowN　and　BAILEY，1962）．
As　to　the　cell　dimensions，　the　b　values　of　all　chlorites　in　the　vein　are　similar，

but　the　d（001）values　are　somewhat　variable；that　of　the　6ne－grained飾rous

chlorite　in　Zone　III　is　distinctly　smaller　than　those　of　the　other　chlorites．

　　　　It　is　well　known　that　the　cell　dimensions（d（001）and　b）and　refractive

index（β）of　orthochlorite　are　intimately　related　with　its　chemical　composition，

i．e．，　the∂（001）value　depends　on　the　number　of　tetrahedral　Al　ions，　and　the

bvalue　and　refractive　index（β）on　the　Fe　atoms　in　the　structure（SHIRozu，

1958，1960）．The　chemical　compositions　of　the　chlorites　in　the　vein　were　de－

termined　with　d（001）－b　and　d（001）一βdiagrams　devised　by　SHIRozu　（1960）．

The　results　were　plotted　on　a　chemical　diagram　together　with　the　data　analysed

by　EPMA（Fig．3）．　The　data　obtained　by　EPMA　are　shown　also　in　Table　3．

The　Fe／（Mg十Fe）ratios　of　all　the　chlorites　are　similar，　in　the　range　from

O．1to　O．2，　but　the　number　of　tetrahedral　Al　ions　vary．　Most　of　the　fine－grained

飾rous　chlorite　in　Zone　III　contains　a　larger　number　of　tetrahedral　Al　ions

than　the　other　chlorites．　The　chlorites　in　Zones　II　and　IV　contain　a　similar

number　of　tetrahedral　Al　ions，　in　the　range　from　O．8　to　O．9．　However，　the　fine－

grained　granular　chlorite　in　Zone　IV　contains　a　slightly　larger　number　of

tetrahedral　Al　ions　than　the　scaly　chlorite　in　Zones　II　and　IV．　This　slight

difrerence　in　the　number　of　tetrahedral　Al　ions　between　the　6ne－grained　granular

chlori七e　in　Zone　IV　and　the　scaly　chlorites　in　Zones　II　and　IV　is　indicated

also　by　their　optical　signs；Al－poor　penninite　is　optically　negative，　while　the
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A1－rich　type　is　positive（WINcHELL，1951）．　Foliated　chlorite　in　Zone　V　contains

aslightly　larger　number　of　tetrahedral　Al　ions　than　the　chlorites　in　Zones　II

and　IV．

　　　　The　results　of　optical　and　x－ray　investigations　of　the　chlorites　in　the　talc－

chlorite　vein　reveal　that　all　the　chlorites　are　Mg－rich　ones　with　Ilb　polytype，

although　the　Al　content　varies　with　the　zone　in　which　they　occur　and　with

their　habits．

II． Weathe血g　Products　of　Chlorite

　　　　The　chlorite且akes　of　which　the　color　has　been　changed　from　green　to

yellowish　green　or　brownish　yellow　are　found　at　the　surface　of　the　outcrop　of

the　vein．　The　surface　is　contaminated　by　brown　colloidal　material，　which　gives

the　x－ray　powder　pattern　of　goethite．　The　chlorites　of　all　the　zones　of　the

vein　show　similar　change　of　their　color　at　the　surface　of　the　outcrop．　But，

the　amounts　of　the　altered　chlorites　vary　within　the　surface　of　the　outcrop．

The　chlorite　which　is　in　the　side　of　the　wall　rock　overhanging　the　vein　is

relatively　fresh．　In　Zones　II　and　III，　which　consist　of　compact　aggregates　of

fine－grained　chlorites，　altered　chlorites　form　very　thin　crust　covering　the　surface．

The　alteration　is　extensive　in　Zone　IV，　in　which　coarse－grained　chlorite　flakes

form　loose　aggregate　together　with　talc．　In　this　study，　yellowish　green（sample

C）and　brownish　yellow　（sample　D）且akes　were　collected　from　Zone　IV　to－

gether　with　two　fresh　green　chlorite　samples（samples　A　and　B）．　The　edge

of　sample　A　has　been　altered　partially　and　shows　an　appearance　similar　to

that　of　sample　C．　Samples　A　and　C　are　coarse－grained　and　scaly，　whereas

samples　B　and　D　are五ne－grained　and　granular．　As　mentioned　above，　both

chlorites　are　Al－poor　Mg－chlorite　with　IIb　polytype．　The　microphotographs　of

these　chlorite　flakes　are　shown　in　Plate　18．

　　　　Optically，　the　yellowish　green　flake（sample　C）shows　a　yellow　interference

color，　differing　from　that　of　the　fresh　green　chlorite（sample　A）which　shows

the　abnormal　interference　color　of　ultra　blue．　The　brownish　yellow　Hake

（sample　D）has　an　appearance　extremely　different　from　that　of　the　fresh　green

chlorite（sample　B）under　the　microscope，　i．e．，　it　has　irregularly　curved　cleavage，

and　many　cracks，　and　shows　no　interference　color．　The　refractive　indices（β）

of　the　yellowish　green　and　brownish　yellow　flakes，　measured　by　the　immersion

Explanation　of　Plate　18

Microphotographs　under　crossed　polars　of　samples　A，　B，　C　and　D．　In　each　photo－

graph，　points　analysed　by　EPMA　are　shown．
A．

　

　
　
　
　
　
コ

B
C
D

Sample　A（green　Hake），　having　coarse－grained　radiated　scaly　form．　The

edge　of　the　fiake　has　been　altered　partially　and　shows　an　appearance　similar

to　that　of　sample　C．

Sample　B（green且ake），　having　granular　form．

Sample　C（yellowish　green　6ake），having　coarse－grained　scaly　form．

Sample　D（brownish　yellow　flake），having　granular　form．
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method，　are　lower　than　those　of　the　fresh　greell　chlorites　which　have　aβof

about　1．58．　The　refractive　index（β）of　the　brownish　yellow　flake　is　1．565－1．570．

　　　　X－ray　patterns　of　the　yellowish　green　（sample　C）and　brownish　yellow

〈sample　D）flakes　are　shown　in　Fig．4，　along　with　that　of　fresh　green　chlorite

（sample　B）．　In　Fig．4，　the　patterns　of　K－saturated　materials，　prepared　by

washing　powdered　material　with　IN　I（C且3COOH，　are　also　shown．

　　　　X－ray　diagrams　of　untreated　materials　of　samples　C　and　D　give　a　sequence

of　basal　reHections　from　about　14A　basal　spacing　with　an　additional　long

spacing　renection　of　about　29　A　spacillg．　These　patterns，　however，　dif［er　from

those　of　usual　chlorites　in　showing　ullusually　intense　14　A　reflections　as　well

as　in　being　accompanied　by　long　spacing　redections　of　about　29　A　spacing．　The

∂－values　of　the　mineral　are　also　a　little　larger　than　for　fresh　chlorite．

　　　　After　K－saturation，　distinct　changes　in　the　diffraction　patterns　were　ob－

served．　The　K－saturated　material　of　sample　D　gives　an　integral　sequence　of

renections　from　about　24　A　basal　spacing．　WALKER（1949，1957）and　BARsHAD

（1954）have　shown　that　vermiculite　contracts　to　about　10　A　and　smectite　to

about　12．4　A　after　l（－saturation，　but　chlorites　do　not，　and　that，　therefore，　K－

saturation　is　useful　for　distinguishing　among　these　14　A－type　minerals．　The

24Abasal　spacing　of　sample　D　after　K－saturation　corresponds　to　the　sum　of

the　spacing　of　14　A　chlorite　and　10　A　vermiculite　layers，　and　the　approximately

integral　series　of　the　re且ections　suggest　a　regular　alternation　of　the　two　mineral

Iayers．　This　being　the　case，　mineral　of　sample　D　can　be　identi6ed　as　an　inter－

strati6ed　mineral　of　chlorite－and　vermiculite－like　layers．　The　x－ray　diagram

of　sample　C　after　K－saturation　shows　that　sample　C　is　a　mixture　of　chlorite

and　the　interstratified　mineral　of　which　the　properties　are　very　similar　to　that

of　sample　D．

　　　　Sample　D　was　boiled　in　5N　HCI　for　30　minutes　to　examine　for　the　presence

of　kaolin（KoDAMA　and　OINuMA，1963）．　The　x－ray　diagram　of　the　HCI－treated

material，　prepared　on　a　glass　slide，　is　shown　in　Fig．5．　In　the　diagram，　the

diffractions　from　the　interstrati丘ed　mineral　disappear，　except　for　the　weak

diffraction　at　14．2　A．　The　diffractions　at　7．3　and　3．56　A，　which　can　be　attributed

to　kaolin，　are　clearly　recognizal）le．　These　diffractions　reveal　the　presence　of

kaolin．

　　　　Consequently，　the　yellowish　green　flake（sample　C）is　composed　of　chlorite

and　interstratmed　chlorite／vermiculite，　while　brownish　yellow且ake（sample　D）

is　composed　mainly　of　interstrati6ed　chlorite／vermiculite　with　a　minor　amount

of　kaolin．　Therefore，　the　change　in　the　color　of　the　chlorite　found　at　the

surface　of　the　outcrop　of　the　talc－chlorite　vein，　corresponds　to　the　alteration

of　the　chlorite　to　interstrati6ed　chlorite／vermiculite　and　partially　to　kaolin．

The　relative　proportions　of　chlorite　and　interstrati且ed　chlorite／vermiculite　and

of　interstratified　chlorite／vermiculite　and　kaolin　vary　within　a　grain　as　well

as　from　grain　to　grain．　On　the　basis　of　the　mode　of　occurrence，　the　inter－

strati且ed　chlorite／vermiculi七e　and　kaolin　are　regarded　as　weathering　products

of　chlorite．　The　detailed　mineralogical　properties　of　the　interstratified　chlorite／

vermiculite　are　investigated　in　the　following　section　using　the　samples　A，　B，

CandD．
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Fig．5．　X－ray　powder　pattern　of　sample　D　after　HCI　treatment．

Mineralogical　Examinations　of　Interstrati丘ed

　　　　　　　　　　　Chlorite／Vermiculite

L　Chemical　Analysis

　　　　The　chemical　analyses　of　samples　A，　B　and　D　were　made　by　EPMA．　The

analysed　points　are　indicated　in　Plate　18．　Analysed　points　AFI　and　AF2　in

sample　A　and　B1，　B2　and　B3　in　sample　B　are　fresh　chlorite．　Sample　B　corre－

sponds　to　the　parent　material　of　sample　D．　Judging　by　their　appearance　under

the　microscope，　AI　and　A2　in　sample　A　correlate　with　the　yellowish　greell

Hake　of　sample　C，　which　is　an　intimate　mixture　of　chlorite　and　interstratified

chlorite／vermiculite．　Sample　D　is　composed　mainly　of　interstrati6ed　chlorite／

vermiculite　with　a　minor　amount　of　kaolin．　The　results　of　the　analyses　are

shown　in　Table　4．　As　for　the　fresh　chlorites，　the　average　compositions　of

AFI　and　AF2，　and　of　B1，　B2　and　B3　are　shown　in　the　table．

　　　　The　results　of　the　chemical　analyses　listed　in　Table　4　show　that　the

chemical　compositions　of　Dl　and　D2，　which　are　composed　mainly　of　inter－

stratified　chlorite／vermiculite，　are　markedly　different　from　that　of　the　parent

chlorite．　DI　and　D2　are　richer　in　SiO2　and　poorer　in　FeO　and　MgO　than　the

parent　chlorite．　They　also　differ　from　the　parent　chlorite　in　containing　a

small　amount　of　CaO．　AI　and　A2　show　chemical　compositions　intermediate

between　that　of　the　parent　chlorite　and　those　of　DI　and　D2．　The　intermediate

chemical　compositions　of　AI　and　A2　are　in　agreement　with　the　fact　that　Al

and　A2　are　a　mixture　of　chlorite　and　interstrati6ed　chlorite／vermiculite．　The

change　in　the　amount　of　Al203　from　the　parent　chlorite　to　D2　is，　however，
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Table　4．　Chemical　analyses　of　fresh　and　weathered　chlorites．

Sample

Sio2

Al203

FeO
MgO
CaO
Tota1

AF B A1 A2 D1 D2

32．32

13．51

8．32

30．68

84．83

32．16

14．31

7．94

31．00

85．41

33．42

13．01

8．09

29．16

0．09

83．77

34．61

13．03

7．33

28．94

0．03

83．94

35．47

14．11

6．88

27．33

0．33

84．12

36．71

15．12

6．74

26．79

0．39

85．75

AF，　A　1，　A2：sample　A（green　nake），　having　coarse－grained　radiated　scaly　form．

The　edge　of　the　flake　has　been　altered　partially　and　shows　an　appearance　similar

to　that　of　sample　C．

B：sample　B（green肱ke），　having　granular　form．

D1，　D2：sample　D（brownish　yellow　flake），　having　granular　form．

AF，　B：fresh　chlorites．

A1，　A2，　A3：mixtures　of　chlorite　and　interstrati6ed　chlorite／vermiculite．

D1，　D2：interstratified　chlorite／vermiculite．

not　simple．　Al203　content　decreases　from　the　parent　chlorite　to　A2，　and　in－

creases　from　A2　to　D2．　As　mentioned　above，　sample　D　contains　a　small　amount

of　kaolin，　and　the　excessive　amount　of　Al203　in　Dl　and　D2　is　probably　due

to　the　presence　of　kaolin．

　　　　These　results　reveal　that　the　interstrati6ed　chlorite／vermiculite　has　re－

latively　high　silica　and　low　magnesia，　alumina　and　iron　contents　compared　with

the　parent　chlorite．　The　interstrati6ed　chlorite／vermiculite　has　been　formed　by

weathering　of　chlorite，　and　such　a　chemical　composition　of　the　mineral　suggests

the　preferential　removal　of　the　octahedral　cations　of　chlorite　as　the　main

、veathering　mechanism．

　　　　The　structural　formula　of　the　parent　chlorite　was　calculated　on　the　basis

of　O20（OH）16．　Calculation　of　the　precise　structural　formula　of　interstrati6ed

chlorite／vermiculite　is　di缶cult，　since　all　samples　contain　varying　proportions

of　chlorite　and／or　small　amounts　of　kaolin　together　with　the　interstrati6ed

chlorite／vermiculite．　In　order　to　consider　the　chemical　composition　of　the　inter－

strati6ed　chlorite／vermiculite，　however，　appropriate　estimation　of　the皿mbers

of　ions　in　a　unit　composed　of　a　2：11ayer，　and　hydroxide　and　hydrous　sheets，

may　be　useful．　As　mentioned　above，　the　chemical　analysis　of　weathered　chlorites

suggests　the　preferential　removal　of　octahedral　cations　of　chlorite　by　weather－

ing．　If　this　is　the　case，　then，　the　number　of　ions　per　unit　can　be　estimated

by　assuming　the　same　tetrahedral　Si　to　Al　ratio　as　for　the　parent　chlorite．

The　results　of　this　estimation　are　shown　in　Table　5．

　　　　　The　values　of（OH，　O）for　the　weathered　chlori七es（A1，　A2，　DI　and　D2）

were　derived　from　the　total　charge　of　cations　when　iron　was　in　ferrous　form．

It　is，　however，　reasonable　to　suppose　that　some　amounts　of　iron，　being　in　ferrous

form　in　parent　chlorite，　have　beell　oxidized　to　Fe3＋during　the　weathering

process．　As　to七he　oxidation　of　Fe2＋to　Fe3＋ions　in　the　chlorite　structure，

BRINDLEY（1961）suggested　that　OH－would　be　reduced　to　O2－in　conjunction
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Table　5．　Calculation　of　ions　in　a　unit．

Sample

　　　　　　　　　　　Si

Tetrahedral
　　　　　　　　　　　A1

Octahedra1

Al

Fe

Mg
Ca
Tota1

0
（OH，0）

AF B A1 A2 D1 D2

6．41

1．59

6．32

1．68

6．41

1．59

6．41

1．59

銘

窃

　

　
　
　

（
り
呼
⊥

銘

68
　
　
　
　
　

ρ
0
噌

⊥

1．57

1．38

9．07

12．02

1．64

1．31

9．08

1．35

1．30

8．33

0．02

1．25

1．13

7．99

0．01

12．03 11．00 10．38

1．28

1．03

7．26

0．06

9．63

1．39

0．97

6．88

0．07

9．31

（

U
ハ
り

Ω
乙

司

⊥

（

U
（
0
2
1

20

13．76

20

12．42

20

10．86

20

10．33

Ions　in　a　structural　unit　of　fresh　chlorite　are　calculated　on　the　basis　of　O20（0且）16．

Cations　in　a　unit　of　weathered　chlorite　are　estimated　from　the　calculatioll　by

assuming　the　same　tetrahedral　Si　to　AI　ratio　as　for　the　parent　chlorite，　alld　the

value　of（OH，0）of　weathered　chlorite　is　derived　from　the　total　charge　of　cations

assuming　ferrous　iron．　AF，　B，　A1，　A2，　DI　and　D2　are　same　to　those　in　Table　4．

with　the　oxidation　of　Fe2＋　to　Fe3＋，　as　follows：Fe2＋（OH）一→Fe3＋02－十H．

Following　BRINDLEY’s　hypothesis，　the　value　of（0且，0）calculated　assuming

ferrous　iron　gives　the　total　number　of　OH－and　O2－ions，　the　latter　being　derived

from　the　reduction　of　OH－in　association　with　the　oxidation　of　Fe2＋to　Fe3＋，

and　it　corresponds　to　the　number　of　sites　occupied　by　O且一ions　when　the

oxidation　does　not　occur．

　　　　In　the　Table　5，　the　total皿mbers　of　octahedral　cations　in　weathered　chlorites

have　smaller　values七han　for　the　parent　chlorite，　and　the　values　for　DI　and

D2，　which　are　composed　mainly　of　interstrati6ed　chlorite／vermiculite，　are　near

to　that　contained　in　the　ideal　formula　for　regularly　interstratified　chlorite／

vermiculite　which　contains　a　total　of　about　9　cations　in　its　octahedral　positions．

The　values　for　（OH，　O）in　the　units　of　weathered　chlorites　decrease　as　the

total　numbers　of　cations　decrease，　and　the　values　for　DI　and　D2　are　also　near

to　that　contained　in　the　ideal　formula　for　regularly　interstratified　chlorite／

vermiculite　which　contains　100且ions．

　　　　Each　cation　of　AI　and　A2　takes　a　value　intermediate　between　the　parent

chlorite　and　sample　D，　and　these　values　of　AI　and　A2　are　in　agreement　with　the

fact　that　they　are　a　mixture　of　chlorite　and　interstrati6ed　chlorite／vermiculite．

IL　X’ray　Analysis

　　　　In　the　former　section，　the　interstratified　mineral　formed　by　weathering　is

identified　as　interstrati血ed　chlorite／vermiculite　from　its　x－ray　properties　after

I（－saturation．　After　K－saturation，　the　interstrati6ed　chlorite／vermiculite　gives

an　integral　sequence　of　l）asal　reflections　from　about　24　A　spacing．　In　this　section，

x．ray　properties　of　the　interstrati6ed　chlorite／vermiculite　is　further　investigated．

　　　　Sample　D　was　saturated　with　Mg　and　Ca　by　washing　with　IN（CH3COO）2Mg
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　　　　　　　　　　　Fig．6．　X－ray　patterns　of　sample　D．

Mg－saturated　materia1．　　　　　Ca：Ca－saturated　materia1．
after　ethylene　glycol－solvation．　　　G1：　after　glycero1－solvation．



Regularly　Interstrati6ed　Chlorite／Vermiculite 267

and　with　IN（CH3COO）2Ca．　The　Mg－and　Ca－saturated　materials，　prepared
on　glass　slides，　were　treated　with　ethylene　glycol　and　glycerol，　then　their　x－ray

patterns，　together　with　those　of　untreated　materials，　were　taken　using　CuKα

radiation（Fig．6）．　The　Mg－saturated　material　gives　an　integral　sequence　of

basal　reHections　from　about　28．8　A　spacing．　Ethylene　glyco1－and　glycero1－

solvations　do　not　expand　the　Mg－saturated　material．　The　Ca－saturated　materiaI

also　gives　an　integral　sequence　of　basal　reHections　from　about　29．2　A　spacing，

which　is　a　little　larger　than　that　of　the　Mg－saturated　material．　Ethylene　glycoI

and　glycerol　solvations　expand　the　Ca－saturated　material，　giving　spacings　of

about　30．7　A　after　ethylene　glyco1－solvation　and　of　about　32．4　A　after　glycerol－

solvation．

　　　　In　all　cases，　sample　D　gives　an　integral　sequence　of　basal　reflections，

although　its　basal　spacing　varies　with　the　exchangeable　cation　and　the　solvent

Table　6．　X－ray　data　for　regulary　interstrati6ed　chlorite／vermiculite

　　　　　　　　and　chlorite．

chlorite／vermiculite chlorite
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in　the　interlayer　positions．　The　integral　sequences　of　basal　reflections　of　the

materials　after　various　chemical　treatlnents　suggest　a　regular　alternation　of

two　mineral　layers．　K－saturation　of　sample　D（see　Fig．4）suggests　that　the

two　mineral　layers　are　chlorite－and　vermiculite－type　layers．　When　a　14．3　A

thickness　of　the　chlorite－type　layer　is　as8umed　（the　measured　value　for　the

parent　chlorite　is　14．30　A）the　thic㎞ess　of　the　vermiculite－type　layer　would

be　about　14．5　A　after　Mg－saturation，14．9　A　after　Ca－saturation　and　ethylene

glycol－solvation，　and　18．1　A　after　Ca－saturation　and　glycol－solvation．　The8e　be－

haviors　of　the　vermiculite－type　layer　are　similar　to　those　of　low　charge　ver－

miculite（BRIN肌EY，1966），　and　confirm　the　identi6cation　of　sample　D　as　a

regularly　interstrati6ed　chlorite／vermiculite．

　　　　001reHections　from　the　regularly　interstrati6ed　chlorite／vermiculite　were

obtained　up　to　OO32．　Using　the　OOI　intensites，　the　on6－dimensional　structure

along¢苦of　the　regularly　interstrati6ed　chlorite／vermiculite　was　determined．

The　one－dimensional　structure　of　the　parent　chlorite　was　also　determined，　using

the　intensities　of　OOhenections　up　to　OO16　from　granular　chlorite　of　Zone　IV

（sample　B）．　The　intensities　of　basal　reflections　were　measured　by　a　diffracto－

meter，　using　CuKαradiation　for　the　material　prepared　on　glass　slide；the

integrated　intensity　of　a　reHection　was　calculated　by　summing　up　the　heights

of　the　reflection　measured　at　2θ＝0．05°intervals．　The　x－ray　data　for　the

regularly　interstrati6ed　chlorite／vermiculite　and　the　parent　chlorite　are　shown

in　Table　6．

　　　　Astructural　model　of　the　regularly　interstrati6ed　chlorite／vermiculite，

having　the　following　composition，　was　constructed　on　the　basis　of　the　chemical

analysis：

chlorite　layer：　　　（Mg4．54Feo．65A】o．82）（Si3．16Alo．84）010（OH）8

vermiculite　layer：　（Alo．64）（Mg2．65Fo．35）（Si3．16Alo．84）010（OH）24H20．

Table　7．　Final　structures　of　regularly　interstrati6ed

　　　　　　　　chlorite／vermlcu胱e　and　chlorlte．

Chlorite／vermiculite
　　　　　　　　　　　　　り　　d（001）＝28．76A

　　Chlorite
　　　　　　　　　　　む∂（001）＝14．30A

Composition Z Composition Z

Interlayer　hydroxide

sheet

2：11ayer

Interlayer　Water

Interlayer　CatiOn

3．8Mg，0．6Fe，1．6AI

60H
0．000

．032

3．8Mg，0．6Fe，1．6Al

60且

0．000

．0693

60
3．2Si，0．8Al

40，20H
5．3Mg，0．7Fe

40，20H
3．3Si，0．8Fe

60

．134

．154

．214

．250

．286

．345

．364

60
3．2Si，0．8AI

40，20H
5．3Mg，0．7Fe

．2685

．3086

．4245

．5

4H20
0．6A1

0躬

5

●

　
　
．
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Fig．7．　One－dimensional　Fourier　syntheses　of　interstratmed　chlorite／vermiculite

　　　and　chlorite．　The　solid　line　shows　the　electron　density　derived　from　observed

　　　structure　factors　and　the　dotted　line　shows　that　derived　from　calculated　struc－

　　　ture　factors　of　the　mode1．

　　　　The　structural　model　was　then　re6ned　by　changing　the　z－parameters　using

aleast－square　procedure．　The　structure　of　chlorite　was　refined　by　changing

the　z－parameters　and　the　amounts　of　octahedral　cations　in　the　2：11ayer　and

hydroxide　sheet　using　a　Ieast－square　procedure．　The　final　struc七ures　of　the

interstrati五ed　chlorite／vermiculite　and　of　the　chlorite　are　shown　in　Table　7．　The

residual　R　values　for　the　interstratified　chlorite／vermiculite　alld　for　the　chlorite

are　10．6　and　4．6％　respectively．

　　　　Results　of　one－dimensional　Fourier　syntheses　of　electron　densities　normal

to　basal　planes　of　the　interstrati6ed　chlorite／vermiculite　and　of　the　chlorite　are

shown　in　Fig．7．　The　Fourier　projection　of　the　interstrati丘ed　mineral　is　similar
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㎡

㎡

30 　　　　　　　　　　　　　40　　　　　　　　　　　50

　　　　　　　　　　　　　　　　　　　　　2e（CuKの

Fig．8．　X－ray　dif［raction　diagrams　of　random　powder　samples．

　　　　1：sample　B．　　2：sample　C．　　3：sample　D．

60

to　that　of　its　structural　model，　and　shows　that　the　electron　densities　of　the

2：11ayer　and　hydroxide　sheet　are　similar　to七hat　of　the　parent　chlori七e，　and

that　the　electron　density　of　the　cation　sheet　in　the　interlayer　position　of　the

vermiculite　component　layer　are　very　low．　These　results　con6rm　the　regular

alternation　of　chlorite－and　vermiculite－type　layers．

　　　　Fig．8shows　random　powder　patterns　for　the　parent　chlorite（sample　B），

for　sample　C，　which　is　a　mixture　of　regularly　interstrati6ed　chlorite／vermiculite

and　chlorite，　and　for　sample　D，　mainly　composed　of　regularly　interstrati6ed

chlorite／vermiculite．

　　　　The　powder　pattern　for　sample　8　agrees　with　that　of　the　IIb　polytype　of

chlorite．　Sample　D　also　shows　distinct疏heflections．　The　pattern　of　sample　D

differs，　however，　from　that　of　sample　B，　and　does　not　agree　with　any　pattern

previously　reported　for　chlorites　and　vermiculites．　ReHections　of　sample　C　are
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Table　8．201　spacings　and　intensities　of　chlorite／vermi¢ulite．

∂cale 20膓 Iea1。（IIb／1α） 1。。1C（II6／IIα） ∂obs Iobs
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acomposite　of　the　patterns　of　samples　B　and　D．　The励Z　reflections　from

sample　D　have　been　inferred　to　be　20Z（13のseries　reHections，　which　are　comon

in　layer　silicates，　and　can　be　indexed　as　listed　in　Table　8　in　termes　of　an　ortho－

hexagonal　cell　with　b＝9．25　and¢＝28．8　A，　as　was　done　for　the　interstratified

sericite／sudoite　studied　by　SHIRozu　and　HIGAsHI（1976）．

　　　　The　one－dimensional　Fourier　synthesis　of　the　regularly　interstratified

chlorite／vermiculite　reveals　that　alternate　hydroxide　sheets　of　chlorite　have　been

altered　preferentially．　Thus，　if　it　is　assumed　that　the　chlorite　component　layer

maintains　Ilb－type　Iayer　stacking　after　weathering，　then　Iα一〇r　IIα一type　layer

stacking　of　the　vermiculite　component　layers　is　probable　for　the　interstratified

mineral，　given　that　it　has　orthogonal　cells．　Fig．9shows　the　possible　stacking

sequences　of　the　chlorite　and　vermiculite　component　Iayers　in　the（010）pro一
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Ia，

B＝970

　　　Z

Ilb，0＝970

Ila．θ＝970

　　　　　　　　　　X　　　　　　　　　X

Fig．9．　PossibIe　structural　schemes　of　chlorite／vermiculite

　　　in　（010）　projection．

jection，　assumillg　an　orthogonal　cell．　Intensities　of　the　20Z（13Z）reflections

have　been　calculated　for　these　two　8tructures，　which　have　ideal　hexagonal　nets，

with　results　listed　in　Table　8．　The　intellsities　calculated　for　a　structure　having

astacking　sequence　composed　of　IIb　c1110rite　and　Iαvermiculite　layer　types

show　better　agreement　with　observed　intensities．

III．　Infrared　Absorption　Analysis

　　　　Infrared　absorption　spectra　of　regularly　interstratified　chlorite／vermiculite

（sample　D）and　chlorite（sample　B）were　recorded　with　a　Jasco　Model　A－302

grating　infrared　spectrophotometer，　using　the　I（Br　pellet　technique，　and　are

shown　in　Fig．10．

　　　　The　pattern　of　sample　B　agrees　witll　that　of　Mg－chlorite（SHIRozu，1977）．

The　patterll　of　sample　D　differs　from　that　of　chlorite，　especially　in　the　region

from　4000　to　1800　cm－1　and　from　1200　to　800　cm－1，　and　absorption　due　to　kaolin

is　also　recognized　together　with　that　due　to　the　interstrati6ed　mineral．　The

band　at　3420cm－10f　sample　D　is　partly　due　to　interlayer　water　in　the　ver－

miculite　component　layer　of　regularly　interstrati6ed　chlorite／vermiculite．　The

OH　bands　due　to　the　hydroxide　sheet　of　the　chlorite　component　layer　are

overlapped　with　this　band　and　are　obscure．　III　the　lattice　vibration　region　of

sample　D，　the　band　at　1003cm－1　is　strong，　and　the　shoulders　at　1050　and

1085cm－1，　which　are　distinct　in　the　pattern　of　chlorite，　are　obscure　in　the

same　way　as　those　of　non－interstratified　vermiculite．　The　band　at　955　cm－1　is，

however，　distinct，　like　that　of　chlorite．　Such　a　pattern　for　the　regularly

interstrati且ed　chlorite／vermiculite　may　sugge8t　that　its　lattice　llas　in　part　a

vermiculitic　character　as　well　as　a　chloritic　one．
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IV．　Thermal　Analysis

　　　　DTA　and　TG　curves　for　sample　B（the　parent　chlorite）and　for　sample　D

（regularly　interstratified　chlorite／vermiculite）were　obtained　with　a　Shimazu

simultaneous　macro　TG－DTA　apparatus，　using　250　mg　material（Fig．11）．

　　　　The　curves　for　the　parent　chlorite　agree　with　those　for　normal　Mg－chlorite，

and　the　endothermic　peak　at　680°C　is　attributable　to　dehydroxylation　of　the

interlayer　hydroxide　sheet，　and　that　at　820°C　to　dehydroxylation　of　2：11ayer，

followed　by　the　formation　of　new　phases（MAcKENzlE，1970）．　The　DTA　curve

of　sample　D　shows　additional　endothermic　peaks　at　126，172，280　and　546°C

associated　with　the　two　endothermic　peaks　at　650　and　823°C．　The　temperature

（650°C）of　the　peak　due　to　interlayer　dehydroxylation　of　the　chlorite　component
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Fig．11．　DTA　and　TG　curves　of　samples　B　and　D．

　　　1：sample　B．　　3：sample　D．
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1ayer　is　slightly　lower　than　that　of　sample　B．　Three　endothermic　peaks　in　the

range　from　120　to　280°C　corresponding　with　weight　losses　on　the　TG　curves

are　attributable　to　dehydration　of　the　interlayer　water　of　the　vermiculite　com－

ponent　layer．　The　small　endothermic　peak　at　about　550°C　may　be　due　to　kaolin

impurity．

Summary　and　Discussion

　　　　The　talc－chlorite　vein　in　the　serpentinite　body　at　Torika　is　mainly　composed

of　talc　and　chlorite　with　small　amounts　of　magnetite　and　carbonate　minerals．

These　minerals　occur　in　symmetrical　alld　zonal　arrallgement．　Thus　the　vein　is

divided　into命e　zones　based　on　the　mineral　assemblage　and　the　crystal　habit

of　chlorite．　All　the　chlorites　in　the　vein　are　Mg－rich　ones　with　IIb　I）olytype，

although　the　Al　content　varies　with　the　zone　in　which　they　occur　and　with

their　habits．　The　surface　of　the　outcrop　of　the　vein　is　contaminated　by　brown

colloidal　material　mainly　composed　of　goethite，　and　the　chlorite　flakes　on　the

surface　have　changed　from　green　to　yellowish　green　or　brownish　yellow　in

color．　These　yellowish　green　or　brownish　yellow　flakes　contain　an　interstratified

mi皿eral　investigated　in　this　study．　On　the　basis　of　its　mode　of　occurrence，　the

interstrati6ed　mineral　is　regarded　as　being　formed　by　the　weathiering　of　chlorite．

　　　　The　mineralogical　properties　of　the　interstratified　mineral　can　be　summa－

rized　as　follows：

　　　　　（1）　Based　on　the　x－ray　properties　of　the　material　after　various　chemicaI

treatments，　the　interstrati6ed　mineral　formed　by　weathering　is　identified　as

regularly　interstrati丘ed　chlorite／vermiculite．

　　　　（2）　In　the　weathered　chlorite　grains，　regularly　interstratified　chlorite／

vermiculite　and　chlorite　form　an　intimate　mixture，　and　the　relative　proportions

of　both　the　minerals　vary　within　a　grain　as　well　as　from　grain　to　grain．

Kaolin　is　found　in　the　sample　composed　mainly　of　interstrati6ed　chlorite／

vermiculite．　This　suggests　that　the　regularly　interstratmed　chlorite／vermiculite

is　a　relatively　stable　intermediate　phase　in　the　weathering　process　of　chlorite．

　　　　（3）　These　weathered　chlorites　are　richer　in　SiO2　and　poorer　in　MgO，　FeO

and　Al203　than　the　parent　chlorite．　The　number　of　ions　in　a　unit　composed

of　a　2：11ayer　alld　hydroxide　and　hydrous　sheets　was　calculated　by　assuming

the　same　tetrahedral　Si　and　Al　ratio　as　for　the　parent　chlorite．　The　result

reveals　that　the　regularly　interstrati負ed　chlorite／vermiculite　formed　by　weather－

ing　has　about　90ctahedral　cations　and　100H　ions，　which　approximates七he

ideal　formula　for　regularly　interstrati6ed　chlorite／vermiculite．

　　　　（4）　One－dimensional　Fourier　synthesis　normal　to　the　basal　plane　of　the

interstrati6ed　chlorite／vermiculite　confirms　its　regular　alternation　of　chlorite－

and　vermiculite－type　layers．

　　　　（5）　The　regularly　interstrati6ed　chlorite／vermiculite　gives〃んZ　reθections，

which　have　been　indexed　in　terms　of　an　orthohexagonal　cel1（α＝5．34，　b＝9．25

and　c＝28．8　A）．　The　201　intensities　are　interpreted　by　a　stacking　sequence

composed　of　Iαvermiculite　and　IIb　chlorite　layer七ypes．
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Fig．12．　Relations　betweell　the　decreases　of　Mg，　Fe　and　AI　atoms　and　OH

　　　ions　in　the　weathered　chlorites　against　parent　chlorites．

　　　A1，　A2：Analyses　of　sample　A．　D1，　D2：Analyses　of　sample　D．

　　　　The　results　summarized　in（3）and（4）suggest　that　the　alternate　hydroxide

sheets　of　chlorite　are　attacked　preferentially　by　weathering．　JoHNsoN　（1964）

described　a　regularly　interstratined　chlorite／vermiculite　formed　by　weathering

from　chlorite　in　a　High且eld　channery　silt　loam　soil　pro且le　in　Adams　Country，

Pennsylvania．　For　the　change　on　weathering　of　the　chlorite，　he　also　suggested

a　preferential　leaching　of　alternate　hydroxide　sheets　of　chlorite，　based　on　the

x－ray　properties　of　the　interstrati6ed　mineral．　Regarding　the　change　ill　chemicaI

composition　on　the　weathering　of　chlorite　to　regularly　interstrati6ed　chlorite／

vermiculite，　however，　little　has　hitherto　been　knowl1．

　　　　Now，　however，　it　is　possible　to　calculate　the　decrease　in　ions　in　the　change

from　the　parent　chlorite　to　weathered　chlorite，　using　the皿mbers　of　ions　per

unit　listed　ill　Table　4．　As　summarized　in（2），weathered　chlorites　are　composed

mail11y　of　chlorite　and　regularly　interstrati6ed　chlorite／vermiculite，　and　the

relative　proportions　of　both　minerals　vary．　Calculations　may　give　suggestions

for　the　change　in　chemical　composition　from　chlorite　to　regularly　interstrati負ed

chlorite／vermiculite．　In　Fig．12，　a　decrease　of　each　cation　of　weathered　chlorite

against　the　parent　chlorite　is　plotted　against　the　decrease　of　OH－ions．　These

plots　show　that　from　parent　chlorite　to　A2　Mg，　Fe　and　Al　ions　decrease　with

Iinear　relations　to　a　decrease　of　O且一ion．　These　linear　relations　are　also　shown
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in　Fig．12　by　solid　lines，　alld　they　suggest　that　3．8Mg，0．6Fe　and　1．OAI　ions

decrease　for　each　decrease　of　120H　ions．

　　　　　The　allocation　of　cations　between　the　two　octahedral　sheets　of　parent

chlorite（sample　B）was　made　in　former　section（p．268）．　Based　on　those　results，

the　composition　of　sample　AF　is：

　　　　2：11ayer　　　　（Mg5．27Feo．73）（Si6．41Al1．5g）020（OH）4

　　　　hydroxide　sheet（Mg3．80Feo．65Al1．57）（OH）12．

The　composition　of　sample　B　is：

　　　　2：11ayer　　　　　（］Mg5．30Feo．70）（Si6．32Al1．68）020（OH）4

　　　　hydroxide　sheet（Mg3．78Feo．61Al1．64）（OH）12．

Both　chlorites　have　similar　2：11ayers　and　hydroxide　sheets．　The　decreases

of　3．8Mg　and　O．6Fe　per　120H　ions　are　very　similar　to　those　for　hydroxide

sheets　of　chlorite．　A　decrease　of　1．OAI　per　120且ions　is，　however，　less　than

the　1．6AI　content　per　120且of　the　hydroxide　sheet　of　the　parent　chlorite．　The

2：11ayers　of　both　parent　chlorites　have　a　similar　negative　charge　of　about

－ 1．6，and　the　negative　charge　is　electrostatically　balanced　by　the　positive　charge

of　hydroxide　sheet．　When　the　hydroxide　sheet　of　chlorite　has　decomposed，　some

cations　must　be　retained　in　the　interlayer　position　to　balance　the　negative　cllarge

of　the　2：11ayer．　When　the　retained　cation　is　an　Al　ion，1．6／3Al　ions　are

necessary　in　the　interlayer　position　to　balance　the　negative　charge　of　2：11ayer．

The　solid　lille　for　AI　in　Fig．12　shows　a　decrease　of　1．OAI　per　120H　ion，　then

the　sum　of　the　retained　and　decreased　AI　ions　is　about　1．5，　i．e．1．6／3十1．0．　This

amount（1．5Al）is　similar　to　the　1．6Al　content　of　the　hydroxide　sheet　of　parent

chlorite．

　　　　For　DI　and　D2，　the　decreases　of　Mg　and　Al　ions　are　plotted　at　slightly

different　position、s　from　the　solid　lines　in　Fig．12，　e．g．，　the　decrease　of　Mg

per　that　of　OH　ions　is　larger　and　the　decrease　of　AI　ions　is　smaller　than　those

expected　on　the　basis　of　the　decreases　in　Al　and　A2．　In　sample　D，　a　small

amount　of　kaolin　is　intermixed　with　the　interstratified　chlorite／vermiculite．

These　deviations　from　the　linear　relations　found　in　AI　and　A2　may　be　due　to

the　kaolin．

　　　　Consequently，　it　is　reasonable　to　suppose　that　the　plots　of　weathered

chlorites，　shown　in　Fig．12，　indicate　that　the　dominant　compositional　change

from　chlorite　to　regularly　interstrati且ed　chlorite／vermiculite　can　be　attributed

to　the　alteration　of　the　hydroxide　sheet　to　a　hydrous　sheet　with　Al　ions　as

exchangeable　cations．

　　　　The　result　summarized　in（5）suggests　that　the　vermiculite　component　layer

has　Iα一type　stacking．　The　IαIayer　sequence　is　common　in　non－interstrati6ed

vermiculite．　HAYEs　（1970）　suggested　that　vermiculite　resulting　from　the

weathering　of　IIb　chlorite　has　a　Iα一type　layer　sequence，　but　he　stated　that　the

力OZ　reflections　of　the　regularly　interstrati丘ed　chlorite／vermiculite　resulting　from

the　weathering　of　Ilb　chlorite　could　not　be　related　to　any　particular　chlorite

polytype．　The　Iα一type　stacking　of　the　vermiculite　component　Iayer　suggested

in　the　present　study　is　consistent　with　these　results，　and　furthermore　indicates

that　in　this　interstrati6ed　mineral　there　is　a　kind　of　three　dimensional　regu一
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1arlity　of　a

（1962）．

type　similar　to　the　semirandom　stacking　of　BRowN　and　BAILEY
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