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Development of Techniques for the Utilization of Environmental
Resources and Perspective of Promotion of Research
in the Marginal Land Area

3. Mechanism of rock—weathering in tropical dry areas

Tamao HATTA
Marginal Land Research Division, Tropical Agriculture Research Center
Ohwashi, Tsukuba, Ibaraki 305, Japan

The mechanism of rock-weathering in tropical dry areas is important in studies on
desertification. The present studies dealt with the changes in the chemical and
physical properties of standard rocks during experimental weathering. The forma-
tion of secondary minerals and the behavior of chemical species in aqueous solution
were studied by geochemical simulation which is an analytical method of rock
decomposition. The physical weatherability of rocks as a cause of rock disintegration
can be determined by the relation between the TMA (Thermo—Mechanical Analysis)
—values and pore ratio.

The process of chemical weathering can be simulated as a reaction occurring
between rock—forming minerals and aqueous solution. The changes in the amount
(grams) of chemical species/1000g of solution (M) and the degree of saturation of
secondary minerals, shown in Fig. 3, were calculated as increments of the reaction
progress (£) in the hydrolysis of standard granite as an example. The changes in the
values of the chemica 1 parameters were complex. The formation of saturated mineral
zoning by weathering is represented by the reaction area (10 cm?) in the profile (Fig.
4 ). Satisfactory results were obtained in the alteration to laterite.

Physical weathering takes place when rocks on the earth surface are broken into
fragments or grains. Weathering by thermal expansion only occurs under very hot
and very dry climatic conditions. The behavior of thermal expansion and shrinkage
of 14 standard rocks in the temperature ranges of 0 to + 100°C and - 125 to + 550°C
was examined by TMA. The rocks characterize dy a large thermal expansion contain

a large amount of quartz. The samples of granite were fractured during the



20 JICAS HtHi54E  No. 2 (1994)

experiment (Fig. 8). A new stability series of physical rock-weathering can be
determined based on the thermal expansion-shrinkage coefficient and the pore ratio
in each rock type (Fig. 11). This order reflects the geomorphological characteristics in
a desert area.

Although there is no natural water at present, many hydrous minerals (e.g. goe-
thite, gibbsite, kaolinite etc.) occur on the earth surface in a desert area. The forma-
tion of these secondary minerals can be explained by geochemical simulation that
describes the water-rock interaction. As natural water is essentially involved in soil
genesis, it is considered that the secondary minerals forming soils in a tropical dry
area have not been formed under the present climatic conditions. The rock stability
series in physical weathering indicates that the rocks characterized by a large
thermal expansion are not prone to weathering, because the pores in rocks play an
important role in the alleviation of various environmental stresses. The importance
of the thermal expansion coefficient of rocks on the earth surface in tropical dry areas
has been well documented. The physical weatherability of rocks can be studied by
the determination of thermal coefficients and the physical properties of each rock

type.

key words: weathering, dry area, geochemical simuration, TMA (Thermo—Mechanical
Analysis)
F—o— bk B, R, HEREFERY I v—v s v, BRI

R &0, Barusic B wTid, & IEfUE

ADBEET 2 s TV, AFFICBVL T}, EL
HIERE BRI BV TR, Bt~ RER8>ER—-HE TER D & & BV IR IS IC B 2 MR IE 0
=St OSERADNFET 5, MRICHFLET 25K & gL EE T 5,

A, ChoOfEficE L, B, vub, Hitksx

VIhoDREME LB IMEICENTS (K1), %

1. FL&HIC

a0 - 8 K&
Rock&Mineral - Grain size
disintegration
L B A i
Weathering % | e :
2= I A B O
REEH %
Erosion |
fE
H
SR EF
Transportation
e
HERE(EF E@
Deposition Z
’
e A
Diagenesis
Decomposition

1 —fOHIRERBEM B 2B/ LR Lic & 2L 772 L, JKTHiEIC
BB LD BYIENBIEER (Bfac X ML FET 3)



J\H: BRRaEHIEIC B 1 550 O BALERES 21

2. B LERIERT

EE, BILOERIKFBICEDY DO H %, BfLIZ
(MFd L BHIFKIEL L T, 7 BB
Z—oDIEEE L TCOMBEOELTH %, Z BN
DL E R > TOWRWEAE, 5B, KB, B
L UEYEROMEIEHOBEEN L » b OFERAES
b, TDO 7ot RF, MRERD»S NidklkbarE ¢k
DWEHHICB VTR 5, BVBEBHTS 3 729,
THIARROBRRMEETH A H VP tand, <
DEFRICE L, TER, KEL & o HIREEBRES
BB [FMbl, [LElk], M) ~o7 o+
2EDHEE—HTiRAEL, —WTRIEELTV S
LI BI, KOBETH D, HEPITHEROWIRE
R, I LT HICBEAL TRIBKRL ANE
WD U L, EEEOFERE, ST, EERZIBL
Tid, FEORE, HIFRT2&GERHVLE
5EZIEVEBOEET 5,

FULFERICBA S 207213, K2 DX H ICXDAIRET
BB, FERDFFLOZ L 1F, F& LT [MLEMEL
TERIC & % (88 OFE it L, [Mb¥s X 08w
WIME | 204745 C itk DiThhTE 7, B4
EWRELIFlFEHbHTDREV, L LEES IV
I, T8 2a0 [E4A) L TiTbh 3,
IR RN T DS A b TEAO BRI
BwTid, MENEL] FHOEENE LWL Vb
Hn, TOHRIEZEERITL STV,

BOM & i b il &

Textbook }— Order 1 iMeasurement

L SEORL |

YRR YIERRITEE
Physical 1 Mineral Physical
weathering |— weathering ;j properties
1R EAL HA DL {LFHIEE
Chemical Rock Chemical
weathering |... | weathering |... properties <t
VEMPRORML | AKOERML | SRR |
1 Biological . Rock-body ‘Mineralogical!
. weathering | . weathering | | properties ...
.............................. I I
D OPEMME
S A HOFE Z ! Mechanical !
This study . properties |

M2 BEficBd 2B

2 OEMB X UHMIREICIE, FhENIcSHERER
{LRHESED NS, chiE T i bon [RULR
Fll T B, 2L TRULRFI 3, OBRMbIc & 385
MEOELRERERD B EZICHWVWAEAL, ©
weatherability (B LS NP4 &) OHIKEITH & %
KAV BEE LD, @B OEKE DD, O’, LIZ
Lid TRULEBERYI] &b, e LT, BA—>
AAYVFAP=>FTHA M BBIFoN 5B, @13, TRUL
HERF & BFITN TV S, OHEA L, Bowen @
RIGEEY % & &2 Goldich'” It X D HI» THA X
Nic, Z0Hk, W >hORFIBERsh B2,
Jackson and Sherman®, Lasaga® #2&), L L,
ZTNODLERINIET M8E]) © ML¥EEILk]
MfLTkponizbocThy, EAI O YEYE
b B4 2 RFIIBEE LTV, APFFEITB L
<3, TEILRFI) 2ZBEL, BAmigtisticsi 2
FPEAOBAL] ekt L, MEFEN] Bk o YEN] o
mffEL v, FhEhREZERLEER O TRETL
tAEREZRET 5,

3. {tFEMREILIERICEEY 52X

BB 0 515 53, BEOHERMMERLCE
Saf (59 ORESCBT 2, BEOBRE
DS L RO LT, RETHE1E W,
& OB DHERKERE % R B 1odicid, BRE
BOEENTH 300, WEREELREGTT, BHOR
& (RS #BBB5 L3 TERV, Lal,
BIGOWIRAGRMG2&E L, B (LR 25
BEdavIalL—va VICKBEREITALE, b5
BEOHERITREE 13, o cRMUEREEA—
IKERRICB T ZHERIGE L, BALSME B 55t
Bicky, KEkhOE L2 DILFREDE LERD 5 C
ExHA AT,

(iLFHmE]

YIial—vav MWEHREFEHNYIaL—vav)
REM—RIEIC B3 2 RAHRIGE 4 3Y, RIGEF
WOJFRERE, UNETE (b2 VWIKIGHRE) & =H
VWHTo LS ickah 32,

dm 1 da
—_ 7S —_ - =%
BTTAE T g, dE )

I TngidsftFEDEVE, m BKERBICES
3 sitFEOEREVEE, a, & 7, BENFh s (b



22 JICAS FFEA&HRESE  No. 2 (1994)

HOER LR TH 5, RGO PIcE#IT L
L&,

m(E+dE) =m (&) +n,-dE, (2)

L1785, T L THEREGRNICHIIIGMHE LTEA S
EEYYIRED SR 2 OfLFEES R N %,

Ltcdd > TRISERBIGER, LIS < RRIGROEHE
DSEAR &2 L, congruent 7Af# (ERSCGRICEAE % AR
LISWIEIR) 2175 T &ITi b, EOELITE BV,
BREERRICEZ S0 @B (CRIEYD DRk
GHE L3 SEER M) 12ifr D < o KIFRAERRIC
B HEREOMBICERE L, 2EAMERS ChEFIL 72 &
ESRIGHHE T 35, BEFRICLERMER, BEB X
G ObFHEL, RIGHRE & R O EHE O Bk
5, COp Oy FDRT7 2 H Y 74—, HEEDOEZ
SNIRE, BB 3 85ER, pH, Eh, a, OK
DOIER) BWETHB, 2T, HlELT, »THE
(quartz: 53.75%, microcline: 12.75%, low albite:
10.00%, anorthite: 17.50%, annite: 3.75%, ¥ LU
tremolite: 2.50%) @D 1000 g ®7k7E#K (Al 0.2698 E
~08g/kg-H,0, K: 0.3910 E-08 g/kg-H,0, Na:

0.4008 E- 08 g/kg - H,O, Mg: 0.2431 E- 08 g/kg"
H,0, Fe: 0.%85E-08 g/kg-H,0, Si: 0.9612 E-08 g
/kg-Hy,0O, C: 0.6660 E-02 g/kg-H,0, #BXLU Cl:

log M

0. 1185 E- 02 g/kg-H,0)® thTOII/KMRIC & 2 ER
$1#) (goethite, gibbsite, kaolinite, & U mon-
tmorillonite) “DOXLE & D HIF 1z,

[(ZERB LUHER]

HEORRI D, RIBOHETICE b 12 5 EikAR
(RS 3T D g/kg-H,0) ZALE K UBIWDOHE
B HARRESB O N3BLVERL), £, »
D aEMERT 5 S TEIMH congruent IEfREET 56
DA, b3 logt T TRIBOHEITT 5 &, AR
goethite [Fe (OH); ] B4ricxd L C@dfafn& 5o,
goethite 257L#E 3 3, T H Fe B3, 5
(goethite) iIc/HfiE N, [FERICARAID Fe Gy 843
B4 %, Rz, gibbsite [Al (OH); ] AsuBfgfl & 73
ABEN S b B, gibbsite DARKIC & BTV, A
B D Al B DEALDHE C B3, & 5i, kaolinite
[AL,Si,05 (OH), ] DHpkHic gibbsite 2357E#E, THA
T 570, AL OELIERELZ, oL &
goethite DAL, fe L TiTb TV %, KIEFRD
HFEIVERSC R L, ERSERR S h iz IR %
IR 2REN 2R - BB TRIG R T %, BB
JEOBRRICB VT, BHRDO H 55 BIIREICED
T35, TR oARIC H 0B Sh 5
72D TH 5,

t-.
N Pliontte
fe-MiC; Iinesl
———Kaol inite_ﬂ'ﬁtﬂtlng

VerEEeTES! le——quartz saturating—si
glbbsite o etnit

~ 1 | HEATHERING OF GRANITE at 298.15K & @.1013MPa
| | ogfCO2=—-2.5, 1ogf02=—45, Eh=300mY, pH=4.468|:

—2f e mrre———— === ===
- | e et D e =
L o anorthite dissolution i
-5 microcline dissolution- g
quartz dissolution: A
albite dissolution—— \\\ .
-6+ tremolite dissolutiony! -

biotite dissolution =W} \\\

log €

3 HIER(EFERIY S 2L —va vtk B, BT HEOMKDRICE T B{L3EMg) /75 1000 g DZE
1t, BLURINETTE (&) OB E L TOIRIEYI ORAFN. 7S BIEKIZ logf=— 4.348 »» 5 HfRA

WL Calfatn s 1 5.



J\H D BTSN I 3 1 255 A O B LR 23
Fla. RIbicsi 20 OERE (2.

(a—1) logé Quartz Microcline Low albite Anorthite Annite
(1) Goethite sat. — 7.497 0.1029 E- 03 0.1109 E- 03 0.8358 E- 04 0.1552 E- 03 0.6118 E-04
(2) Gibbsite sat. — 7.259 0.1778 E- 03 0.1915 E-03 0.1444 E- 03 0.2683 E- 03 0.1057 E- 03
(3) Kaolinite sat. — 6.798 0.5142 E- 03 0.5540 E- 03 0.4175 E- 03 0.7752 E- 03 0.3056 E- 03
(4) Gibbsite disap. — 6.647 0.7359 E- 03 0.7928 E- 03 0.5975 E- 03 0.1109 E- 02 0.4374 E- 03
(5) Quartz sat. — 6.102 0.2563 E- 02 0.2762 E- 02 0.2081 E- 02 0.3865 E- 02 0.1524 E- 02
(6) Microcline sat. — 5.218 — 0.2107 E-01 0.1588 E- 01 0.2948 E- 01 0.1162 E- 01
(7) Montmorillonite sat. — 5.305 — e 0.2421 E-01 0.4495 E- 01 0.1772 E-01
(8) Kaolinite disap. — 4.728 — == 0.4972 E-01 0.9232 E- 01 0.3640 E- 01
(9) Goethite disap. — 4.691 = == 0.5451 E- 01 0.1012 E+ 00 0.3990 E- 01

(a—2) logé Tremolite Gibbsite Goethite Kaolinite
(1) Goethite sat. — 7.497 0.6474 E- 04 =— == ==
(2) Gibbsite sat. — 7.259 0.1118 E- 03 = = =
(3) Kaolinite sat. — 6.798 0.3234 E- 03 —

(4) Gibbsite disap. — 6.647 0.4628 E- 03 0.6174 E- 03 — -—

(5) Quartz Sat. —6.102 0.1612 E- 02 0.6174 E-03 = e

(6) Microcline sat. —5.218 0.1230 E-01 0.6174 E- 03 = i

(1) Montmorillonite sat. — 5.305 0.1875 E-01 0.6174 E-03 =5 ==

(8) Kaolinite disap. — 4.728 0.3851 E- 01 0.6174 E- 03 0.7248 E- 02 0.6126 E-01

(9) Goethite disap. — 4.691 0.4222 E- 01 0.6174 E- 03 0.9228 E- 02 0.6126 E- 01

#1b. RIBCBIZHMOEREP ().
(b) logé Goethite Gibbsite Kaolinite

(1) Goethite sat. — 7.497 — — —
(2) Gibbsite sat. — 7.259 0.3344 E- 04 - -
(3) Kaolinite sat. — 6.798 0.1465 E- 03 0.6174 E- 03 —
(4) Gibbsite disap. — 6.647 0.2202 E- 03 0.6174 E-03 0.1661 E- 02
(5) Quartz Sat. — 6.102 0.7934 E- 03 0.6174 E-03 0.6272 E- 02
(6) Microcline sat. — 5.218 0.6053 E- 02 0.6174 E- 03 0.4787 E-01
(7) Montmorillonite sat. — 5.305 0.9228 E- 02 0.6174 E-03 0.6126 E-01
(8) Kaolinite disap. —4.728 0.9228 E- 02 0.6174 E- 03 0.6126 E- 01
(9) Goethite disap. — 4.691 0.9228 E- 02 0.6174 E- 03 0.6126 E- 01
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