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                            Abstract

    The writer found speeimens of pseudomorphs of kaolinite after biotite

fyom deep-weathered granite. X-ray analyses indleate that the speeimens
are highly-erystalline kaolinite with the basal spacing of 7.17 A and that

the c-axis is c}osely similar in directiok to that of biotite be£ore kaolinite.
As for the chernical eomposition, the ratio of Al to Si is O.89rw1.07 foy

all i"dividual partieles analysed.

    From the geologieal point of view, the granite in Seto district, north--

ern part of Nagoya City, has been bathed for a !ong period in pereolating

ground water with pff values from 5 to 6, eommon pH values of ground
wate? rich in COL, and organic acids. IB this plE{{ region, the solubility of

AI20s, derived from biotite may be neglected, skace lt is very small eom-

pared to othey elements entering into the compositions of biotite,
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    On the assumption that Al has yemained coBstant from bietite to
l<aolinite, lt is noteworthy that the weathering proeess is the requirement

for a Iarge amount of veltime ehange whieh may be calculated theoretieally.

IR fact, the volume ef l<aolinite after biotite is veyy srr}ai} eoiv}pared wlth

unaltered biotite from the same granite.

    It is pointed out that the shrixLkage was invo}ved mainly within the

cleavage plane.

                           Xntroduceion

    Many investigators such as geologists, milteralogists, ehemists, and

soi} scientists, have provided a tremendous amouiit of informatioll on the

mechanism of weathering. However they have not always agreed on the
step-by-step meehanism by which one miReral is weathered or aitered to
another.i)

    From the ehemical point of view, the main faetors eontrolling the
weathering proeess may be summarized as follows:
    The pH of solutlon, eompesition and erystallinity such as g}assy or
erysta}line state of parent materials, and oxidation-reduetion potentials

of environment must be eonsideyed.
    Regarding only the faetors mentioned above, we could not gain aRy

information about how aRd why some elay minera}s eoncen£rate i" some
districts and some geologieal ages. This is, very important problems of

geology and mineralogy. IIence, ftmdamentally, geochemieal studies
should yield infoymatioR about step-by-step weatheriAg mechanism.
    Biotite and feldspar are important eonstituents of many igneous
rocks and of some rnetamorphic roeks such as gReiss and sehist. It has

long been 1<nown by the geologists ai3d mineralog!sts that certain ery-

stalline minerals show evidence of the existence of pseudomoyphs such
as kaoiinite after mica, eh}orite after biotite, 1<aolinite or halloysite after

feldspar, bastite after hypeysthene, hemaeite after magnetite, limonite

after pyrite and numerous others.

    It is obvious that the examlnation of the pseudomorphs diseussed
here will yield information on the natuye of one weathering meehanism
directly related to biotite and deep-weathering meehanism of granite.

    Earlier investigation of pseudomorpks of kaoliiaite after b2otite was

made by [I]AI<AyAsu2) in 1950, and yecently Roy et al. have reported
I)l7ETATIil'ERING STUDIES.:i> 4)
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                 Mode of eccurrence and erystal kabit

    There are many kaolin deposits in Seto district, northern part of
Nagoya City, Japan. They were tyansported mainly from deep-weathered
granite whieh is a basal roek in thls (listriet. Kaolin bedding is rhyth-

mically interbedded with si}ieious sand which is composed of quartz
from granite.

    The genesis of the kaolin elay depesits of Seto distriet is lnferred in

lgfiig. 1 aRd will be discussed following paper.

The kftelinite after biotite considered here was eollected in deep-weathered

granite whieh is preserved gyanitie textuxe.

    Th specimens are yellow to yellowish brown in eolor, less than about

1×1×2mm. in size and take the form mainly of hexagonal prisms sueh
as biotite as shown in Plate I, soxne of which shovLT long prisms cttrvatured

along to c-axis." The average volume and weight measured for 300
partieles aye O,647 mmn and 1.60 mg per one particle.

    In thin section, it is noteworthy that cleavages of the specimens run

mainly paralle} with eaeh other, through detailed ebservation shows that

              Fig" l. Provenanee of kaolin deposits in Seto distriet.

                              Parent roek...........

                            (AutoGhryadnriatteion ?) (cretaeeous)

                           """'''''''''''''''[''""""""'
                            (Deep-weathering)
             Pereolating of ground water with COL･ and organie aeids
                                  l
                        'ff/,.iJ/ltllaY=-Ku.'1.0a.iii/e;IPets.,,l.g,e$?sgsga.`ghe'sd,,.gft?･gi2e,.xnei

                        (Transporting and sorting)
                                  t

'11'1''

1･lg,SR&M,",,1'-r,ta.,'Lik.s,/gy&O';'/k'IL'S:03"iei,ii,$fi./s,11i/P`bedS(ii,?.lei,r,',,,,.-.".-....,,,,,,.,l,

  Si/rsipo.ussand M.i.iy,,.p,,,d.fq..,t, 9//.trX,Oiciai8gi,."ig.t20dfhgurOm"i2d.if,adt,e'ffaiisy,.r.l.rf..

                                                            Kaoiinite

   *' Speeimens are very similar in appearanee to kaolinite books fyom the Georgia elay
    deposits.s)
  *"i` Specimens eonsidered here,
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direction of eleavage ls not linear, but slightly zigzag as shown in Plate II.

This is very impoytaBt evidenee for eonsidering meehanism of weathering

from biotite to kaolinite anct will be diseussed later. Sometimes, as shown

iR PIate II, B, the specimen shows byownish part o£ less pleochyoism.
It ls a disordered biotite para}lel with eleava･ge plaRes.

    It is not indieated by X-ray studies that the speeimens have a. mixed-

layered lattice bet･weeR kaolinite and biotite.

                           ExperimeRtaZ

    Xvray anaXyses

    The X-way powder patteyns of the speeimeRs were obtained by a
}?hilips Geiger Counter X-ray Speetrometey with filtered CR kev radiatioll,

The expeyimental eonditioRs were as follows:
    35 Kv., 13 mA., seale factoi' 4, rnultip}ier 1.0, tirne eenstant 4 seeonds,

scanhig speed 2e or 10 pey miiiute, angula,r apertuye 10, reeeiving slight

O,O06 inch.

    The X-ray powder diffraetion patterns of the speeimens are depieted
in Y"ig. 2 and their spaciRgs are giveA in Table i,

    The results are sLimmarized as follows:

    (1) It ls clear that the specimens after biotite are eomposed mainly
of kaolinite with a basal spaeing refieetion of 7.17 A (OOO, which is of

slight}y disordered type as revealed by uRificati.on of the close doublets

(111) and (III).

                  [l]ABLE 1. X-ray diflrraetion data.
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                    Fig. 2. X-ray diffTaetion pattexns.
                A: powder specimens, B: oriented specimens

    (2) A weak and byGad line of le A approxiinates to the refieetion

of biotite (OOI) whieh is a disordeyed one.

    (3) The orientecl layeyed speclmens paya,llel with e}eavage plane
suyfaces as shoxNrn in Fig. 2, B, give a･ clear sequeAce of four basal reflec-

                                                   otioRs viz., (eOX), (O02), (O03) axxd (Oe4) from t･he 7.17A basal spaeing,
and a weak and broad liRe of le.e A.

    Those resLdts iiidicate that the c-axes between I<aolini£e after biotite

and biotite be£ore l<aolinite are elosely similar in their direetions.

                 IDifferenetiaE therixiag atkaKysis etirve

    ffeating rate for differential thermal analysis was 100C per mainute.
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                e 2oo tloo 6{]o soe leoo
                            Temperaiure OC

                 Fig. 3. Differential thermal analysis eurve.

The differential thermal aRalysls curve of the specimeRs as shown in
Fig. 3, displays the fo}}owing peaks:

    (1) A weak endothermic peal< in the temperature range of 1000rw
2000C, and a sharp one in 5950C.

    (2) A weak exothermie peak in the range o£ 3000niv'40eOC and a
sharp one in 9500C.

    These peaks prove that the speeimeBs are mainly eomposed of highly-g

cyystalline kaolinite as iBdleated in X-ray difliyaetion patt,eyns. The fiyst

weak endothermic peak at below 2000C repyesents the loss of adsoybed
water from eleavage plane surfaees.

                        Dehydratien ctirve

    The heating yate for dehydyatioR aiialysis vtras 100C per minute,
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                    loo 3eo .[)oe 7oo goo
                              Temperature "C
                       Fig. 4. Dehydration eurve.

The dehyd¥ation eurve of the specimens, as i'n Fig. 4, shows that at tem-

peratuye below 1000C there is rapid loss of sma}1 amotmts of water and

a very slight }oss up to 4000C, From 5000 to 6000C the hydroxyl water
is Iost rapldly and abruptly. Above 6eOOC there is again a graduai ioss

of water up to abont geOOC, where dehydration is essentially complete.

Those peal<s for dehydration are very similar to those of differential

thermal reaetions.

                     Infrared absorption spectra

    Infrared absorption spectra were recoyded on a }IILGER }I. 800 using

sodium eh}erite opties in the region 4000 to 650 Cmr'. The samples taken

20 mg in amout after and before keating were prepared and exposed as
mulls of uniform thicl<ness by usiiig O.07 ce Nujol. Infrayed spectra of

the specimens before heating and after heating up to llOOC, as shown
in Fig. 5 correspond closely with patterns of the referenee 1<aolinite.

    As for ehe patteyn of C after heating up to 6000C, the absence of
a sharp band at about 3660 Cm"' shows that iR this ternperature, kaolinite

dehydrates as indicated by the differeRtia} £hermal analysis and dehydra-
tioll cul've.

                       Cheknieal eomposition

    The chemica} composltion, ratio of Si to Al or Fe, was determined
by colorimetricallyr') for individual particles as given below:
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                              Al/Si FelSi (Analyst: K. GoTe)

                  A i.eo o.o37
                  B 1.00 O.065
                  C 1.02 O.047
                  D 1.07 O.054
                 E O.89 O.129
    These results show that the yatio of Al to Si for partieles A to D

are very similar to the theoretica} value of kaolinite and for partlcle E

which is slightly lowest in that ratio, highest in ratio Fe to Si among

them, It might be expeeted that partiele E has an Lmalteyed part of
biotite as shown in PIate II, B,

                                                             A

                                                              B

c

               N

                 N

                                          N

 looo

A, before

C, heating

     Fig. S.
heating

 for 2 hours

      2000 3000
Wave Number iR cM.MI

 Infrared absorption eurves.

          B, heating for 2 hours at
at 6000C N, absorptien by Nujol

11oec

aooo
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                Specific gravity, voluixie and porosity

    Average apparent speeifie gravity and volume were deterrnined '£ox
300 partieles as giveR below :

               Sp.G. ::2.475(iE:g), Volume=O.647mma3

    'I]he appairent speeifie gyavity is slightly lowey t･han the theoretieal

vaiue of 2.618 computed from the strueture a£ter BRINDLEy.'O) Thls datum
would probably indieate the presence of elosed poyes in the specimens,
If so, the poroslty of the speeirnens may be calculated as a value of about

5.5 per eent.

                           Disceiss{on

           Ckemicai factors eeixtrolling weatkering process

    The granite ii} Seto distriet has been bathecl for a long period in per--

colating gyottRd watey with plE{ values frema 5 to 6, eommon pH va}ues

of ground watey rieh in C02 and organie aclds, especially humie aeids.
    In this pli[ Tegion, alkali metals ln interlayer positions are first soluble

and first moved away from lattices.
    CoRRENs6) poiRted out that at p}I values frorn 5 t-o 9, AIL,03 is very

slight}y soluble whilst Si02 beeome more and rnore soluble. At pU 10
and higher, A}L,03 and Si02 are both soluble. Therefore, at low pH values
Si02 is inso}uble and AIL,O:.} is soluble.

    OKA]y[oTo, OKuRA and GoTo,T) aRd GoTo, Ocm and OKuRA8) have

shown that the solubility e£ amorphotis silica inereases yapidly with tem-
perature and pH. Therefoye, the solubility of aluminum at p]}I values
below 5 or above 9 is abrupt}y increased but negligible at p}I values from

5 to 9.

    [I]he genera,1 attributes of solubility for aluminum silicate rniRerals

aye not well known, btit the data given by CoRRENs and by OKAMoTe

and his eolleagues for solubility o£ arriorphous materials strongly indicate
that aluminum in sllicate minerals is also very insoluble at the pH values

of ground water eollsidexed here.

    While silicoR is being released from lattiee of biotite, coordination

of aluminum will be ehanged from four to six and Al-Si Iayered lattices

will be repolymerized. 1)hat proeess cause a sigkifieant loss of volume to

biot2te.



490 T. MyysuDA

                         Volaxme change

    en the assumption that a,luminuyn has remained constaiit from biotite
to l<alinite, it is Rotewerthy that the happeniiig of the weatheriRg precess

is the requirement for a layge ametmt o£ volume change.
    By deteTmining the population of aluminum in a tmi:t cell of. 'biotite
and its voltime, the ratio of volume ehange fyom biot･ite to kaolinite mRy
be ealculated as below and as shown in Fig. e.

£Al

s. e

4.8

tl.6

4.4

4.2

ti.o

3.8

3. 6

3.4

3.2

3. ()

2.8

2. 6

2. tl

2. 2

2.0

1.8

2M

1 lvf

   H
   <-- mff(Averages of   ec
   <

15 analyses)

t

Hrl
H
 Il
 It N
AREA II

 li ll
 Sl 3 H,6 T, 24T

              lo 2o 3e 4o so 6o 7o
                   Loss of volume in pen ¢ent
          Fig. 6. Loss by volume ehange fxom biotite to kaolinite.

             Biotite K/aolinite
(K Na Ca),(R AI)6(AI Si)sOL)o(eil'F)4 A}4Si40io(Off)s
  R: Fe"2, Fe'3, Mg, T.i, Mn, Li

Chemical unit volume on the Chemical unit volume on
  basis of 02o(OH･F)4 basis of Oio(OH)s
                      o       ZM 488.21 A3
       2M -- 465,85 A3 327.32 A3
       giTtS. 4s6.s3 A3

      24 TJ

the
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    In the above, unit cell voiumes aye ea}eulated from IE{ENDRIcKs' strue-

tLu'e") for biotite and fyorr]L ]BRINDLE¥'s struettirei(b) for kaolinite. Aeeord-

ing to many investigators, there aye many eases of polytypism o£ mieas,
though volume on the basis of OL)o(OIi{'Xff)i per tmit layer shows slight

variat･ion among struetgres in respeet to polytyplsm.

                    V. L. (1 ]X(I)=100-16.76 X AI

                    V. L. (2 M) == lee-17.57 : Al

           V.L. (3 iEi[, 6T, 24T)==leO-16.82 ptY. Al

    In the above, V.L. is loss o£ volume in pey eeRt from bietite to kaelinite

and 2' AI is the total of aluminum per chemical Lmit £or biotite.
    It is impossible to shew strictly the ehemieal eompositions of biotite

               TABm 2. Ionie fermulae for some bietites.

h'Al K Na

3.69 1.40 O.32

2.52 1.73 O.17

2.85 1.66 O.12

3.76 1.97 O.11

3.57 1.72 e.11
   12.68 1.62 O.12
2.78/1.67 O.15

2.54 1.75 O.08

2.67 1.73 O.13

3.19 1.48 O.15

3.22 1.46 O.08

2.60 1.51 e.52

2.91 1.19 O.50

3.09 O.98 O.38

3.16 1.29 O.37

  1)
3.02 1.54 e.22

3.38i1.80 O.07

2.68 1.75 O.li

2.93i1.65 e.12

2.93 1.65 O.12

2.73 1.76 O.15

2.78･1.82 O.08

3.18 1.17 O.22

 3.25 1.55 O.24
    1-- ' u}) '
 2.98･1.64 O.14

Ca rwv.

e.41 2.13

e.05 1.95

O.10 1.88

O.04 2.12

O.OO'1.83

O.10 1.84

O.07 1i 1.89

   1
O.06 1.89

   1O.10 1.96

e.14 1.77

O.19 1.73

e.13 2.16

e.09 1.78

O.35 1.71

e.25 l.91

O.14 1.90

e.oo 1.s7

O.03 1.89

O.16 1.93

O.16 1.93

O.10 2.01

0.e6 1.96

O.14 1.53

O.12 1.91

O.i 9 1.88
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{IrABLE 2. Ionie foymulae for some biotites. (Continzeecl)

2XAI K Na Ca X Si
2.50 1.87 O.17 O.05 2.09 5.54

3.38 1.8e O.07 O.eO l.87 5.35

2.85 1.83 O.e8 O.06 1.97 5.43

2.85 1.66 e.12 O.IO l.88 5.43

2.76 1.80 O.05 O,e6 1.91 5.46

2.59 1.73 e.09 O.02 l.84 5.49

3.18il.77 O.IO O.04 1.91'5.35

3.26 il.81 O.le O.02 l.93 5.34

     1i   3)
2.92 1.78 O.10 e.04 1.92 5.42

3.14 2.19 O.63 e.l2 2.94 5.75

3.26 2.le O.52 O.12 2.74 5.68

3.03 1.55 O.18 O.Ol l.74 5.23

3.04 1.38 O.11 O.l5 1.64 5.35

2.67 l.53 O.04 O.13 1.7e 4.89

2.53 1.31 O.16 O.05 1.52 5.40
3.82 1.s8 o.41 O.1412.13!s.33

                  ll5.10 1.49 0.0i e.18 1.6s14.gs

4.53 1.45 O.30 O.15 1.90 4.93

2.70 1.52 O.13 O.06il.71i5.66

3.83 O.98 O.20 O.10 1.28i4.91
3.98 1.46 e.23 e.07 l.76!5.27

3.22i1.26 e.70 e.2012.16 5.33

  4>
3.45 1.52 O.28 O.l2 1.91 5.29

3.57 1.79 O.06 0.00 1.85 5.25

3.57 1.79 e.06 O.OO 1.85 5.25

5.50 1.85 O.12 O.OO 1.97 5.33

3.00 1.86 e.08 O.02･1.9615.41
3.49 1, l.72 O.13 e.eO il 1.85l5.32

3.94l1.22 e.35 O.10l1.67i5.10

    L ]l    1 t/3.31i'1.2e O.24 O.Olil.45i5.44
    1
3.40ill.69 e.29 O.02 2.eO 5.58
  5) i'

3.47 1.64 O.17 O.02 1.83 5.34

    1,  6) 1
3.17il.61 O.20 O.09 l.90 5.39

    i) averages of 15 analyses

   `) averages of 13 analyses

    * Oeeurrence
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2.57 8.00 O

2.57 8.00 O

2.s4 s.oo o
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2.5i 8.00 O

2.65 8.00 O

2.66･8.eO e
    '

Al l)'e'L' Fe"i Mg

.04 1.91 O.51 2.68

.73 2.61 O.l2 1.86

.28 2.42 e.5'4 2.36
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.22 3.67 O.l3 1.5'O

.08 2.32 O.e9 2.67

.53 2.67 O.10 1.84

.60 2.67 O.08 1.82

 34 2.62 O.20 2.07

 89 3.27 O.15 1.52

94 3.29 O.62 O.10

26 2.71 1.57 O.29

39 3 27 1.45 O.03

eO 3.00 2.62 O.11

eO 2.04 2.39 e.22

15 O.86 2.52 e.50

e8 1.14 1.l2 e.43

46 1.53 1.35 O.46

36 3.68 O.90 O.14

74 2.44 1.21 1.26

25 1 52 1.53 O.48

55 2.69 1.3e O.i9

77 2.42 l.44 e.44

82 2.44 e.24 1.78

82 2.44 O.24 1.78

83 2.3e e.08 1.99

41 2.72 O.le 2.00

81 2.45 O.03 1.76

04 1.85 O.19 2.27

75 1.73 1.el 2.04

98 2.12 e.40 1.92

81 2.26 O.29 1.94

 [l]i
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o.oo

e.oo

o.Ie
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O.17
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O.03

e.o3

O.09
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O.12
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O.30
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O.34
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O.32

O.31

Mn

o.e7

o.e7
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O.04
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O.03
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O.IO

O.07 -

o.oo

O.l5

O.15 O.

O.16 O.

O.05 O.

e.14 o.

e.12 o.

O.07 O.

O.07 O.

e.lo e.

0.03

O.05

O.I2

o.eg o.

0.04

O.04

O.04

O.06

o.e2

o.oe

e.os

O.Ol

O.03 -

Li

2

2

2

2

2

2

2

2

3

3

2

3

2

2

2

2

2

2

2

2

2

2

2

2

2

.58 8.00 O.

.2s s.eo e.

.32 8.00 O.

.77 8.00 O.

.65 8.00 O.
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.42 s.eolo･

.66 8.00 O.

       '
.60 7.99 O.
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 5)
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befoye kaolinite coiisidered here, so only the pyobability is shown for

loss of volume ehange by caleglation of population of aluminum in biotite

£i'Om rnany chemical data after }l[ARAgAiD,i2),i3),i4).

    In the ealeulation fyom analyses, the struetural £ormulae weye coii-
strticted on the bas!s ox" (O+O}I) or (O+OI[[･F)==24. The calculated data

are given in Table 2, w}'iich shovL7 aveyage values oi; varieties o£ populatioBs

of aluminum and other ioiks £oy biotites,

    For example, AREA 1 in Fig. 6 shows yaiige o£ aluminum populations

for 15 analyses of biotit,es £rom grani£es and AaEA II shows range oE
loss of voluff[e iA per een£ for inany poly£ypisms ef biotite to kaolinite.

                           Evidence

    [l]he average volume of the specimens, kaolinite after biotite, and

biotite from the same yoel{ are deteyniiRed for 300 particles as be}ow :

       Kaolinite ofter biotite - O.647mm3
                     Biotite 2.069 inm3
    'Those data indieate that the loss of volttme is about 69 per eent.
Whis value ls higher than the probability meBtioned above since the X-yay

diffraetion patterns show that £he specimens for biotite had a}£ered to
vermieulite,

    It ls impossible to show strictly £he Ioss of volume for the specimens
diseussed kere, but possible to point out that the shrinkage is connected

mainly within the eleavage plane. Aecordip-gly, in thin seetion the direc-

tioii of cleavag'e for kaolinite after biotite is not Iinear but slightly zigzag

whilst erystal habi£ shows }oRg pyism whieh is euyvatured along to c-axis.
    Finally e}eetron mierograpk is shown of c}eavage plane sLirface from

one of the speeimens cliscussed above in Plate III. It seems certainly
that the cleavftg"e surface has many eiosed pores of about O.1 iinicron in

diameter as expeeted fyem the about 5.5 per eeiit porosity. This item
wlll be discussecl in a following paper.
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