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ADHRUNIK PRASTAREIDYA
(Modem Petrology by Dr. Aniruddha De)

English Abstract

Petrology is the science of rocks which form the solid
part of the earth, and its scopc has becn extended to
include the rocks from the moon and other terrestrial
planets and the mcteorites. The description of rocks is
studied under petrography and origin of rocks is discussed
under petrogenesis (Ch. 1, p. 1).

The intcrior of the earth is subdivided into the core,
mantle and crust on the basis of seismic data. The core
has composition similar to that of iron mecteorite (iron-
nickel). The crust is separated from the mantle by
Mohorovicic discontinuity. The mantle consists of ultra-
mafic material and has a low-velocity zone for seismic
waves at depths of 70—100 km in which a small amount of
melt may be present (hence it is called asthenospherc) ;
“this zone separates the lithosphere above from the mantle.
The lithosphere is broken up into mobile lithospheric plates,
as explained in ocean-floor spreading hypothesis and plate
tectonics.

The average crust of the earth contains 55-2% SiO,.
Oxygen is the most abundant element in the crust. The
rocks are classified into igneous rocks which formed by cry-
stallization from molten rock matter called magma, the
sedimentary rocks formed from sediments deposited in layers
upon layers, and the metamorphic rocks formed by trans-
formation (recrystallization) of preexisting rocks mainly
by heat and pressure.

The silicate minerals can be subdivided into 6 classes
according to their atomic structures. Out of 700 igneous
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rocks of the earth their average mineral composition:
consists of only six major rock forming minerals : (quartz,
felspar, pyroxene, homblende, biotite and Fe-Ti oxides)
(Ch. 2, p. 2—13, figs. 1-9).

Igneous rocks :

Igneous rocks or magmatic rocks may form as
extrusive rocks, when magma is extruded over the
carth’s surface as lava flow. When thc magma crystallizes.
beforc reaching the surfece plutonic rock bodies are formed.
These igneous rocks give rise to varicties of structures
(Ch. 3, p. 14—34, figs. 10—-22).

Ignecous rocks can be classiied by mafic mineral
content and on the basis of chemical composition.

The average chemical composition of six common
rock types are given. The composition of magma and the
naturc of primary magma is discussed. (Ch. 4, p. 35—41).

Formation of igncous rocks by crystallization of silicate
melts is discussed on the basis of phase diagrams of 'silicate
systems and the Reaction Principle of N. L. Bowen is
devcloped. In a later section the textures formed by
juxtaposition of crystals and glass in rocks have been des-
cribed (Ch. 5; p. 42—74; figs. 23—37).

Classfication of igneous rocks according to mineral
composition and texture is useful for their identification.

Mode of occurrence, distribution, petrography and
origin of the major ignecous rock types have been described.
Tholeiitic basalt, alkali olivine basalt and their differentia-
tion, layered-igneous complexes, massif-type anorthosites,
alpine-type ultramafic rocks in orogenic belts, andesites and
their world distribution with reference to plate tectonics,
granitic rocks and their zones of emplacement, nepheline
svenites, pegmatites and aplites with the role of volatile
constituents, and lamprophyres are the main peu'olog:m’[
p:oblems (Ch. 6. p. 75—112, figs 38—46).
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Differentiation, assimilation and mixing of magmas
have been described as the processes for the diversification
of igneous rocks. The distribution of igneous rocks in
space and time, as also the relation between .magma empla-
cement and orogenic deformation have been discussed
(Ch. 7, p. 113119, fig. 47).

Sedimentary Rocks :

Sediments may be formed by erosion of pre-existing
rocks outside the basin of deposition (hence terrigenous),
or by chemical precipitation within the basin (hence ortho
chemical) ; a third group called allochemical sediments arc
those which were originally deposited in the basin, but
were eroded and redeposited again within the same
basin.

Character of the detrital material shows the nature of
source rock, the agent of transportation and the environ-
ment of deposition.

The mineralogical composition of sediments have
been discussed. The nature of grain, matrix and cement
composing the sedimentary rocks is described. Sphericity,
roundness and particle size have been introduced; it is
shown that the size frequency distribution provides signi-
ficant data on the average size of the sediment, its range
in size and sorting. Nature of bedding, including cross-
‘bedding, graded bedding and ripple mark has a great
variety (Ch. 8, p. 120—142, figs. 58—66).

Source, transportation and deposition of sediments arc
the essential aspects leading to the formation of a scdi-
mentary rock. Sediments are provided by disintegration
-of source rocks followed by their decomposition.

Transportation of sediments is caused by water, ice
and air. The load of sediments may be carried by a river
as suspended load or bed load. Turbidity currents may be
generated when a subaqueous sediment-loaded high density
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current is formed which deposits graded bedded sediments
(turbidites).

Environment of deposition may be terrigenous, such
as alluvial fan, flood plain, lacustrine, desert, swamp and
glacial. The marine environment can be neritic, bathyal or
abyssal. Several important realms of deposition show
mixed characters between terestrial and marine. The
various depositional environments of the Bengal delta with
80,000 sq. km. area are described in term of the depositioral
environments, tectonics and sediments (Ch. 9, p. 143—162.
figs. 67—73).

A brief classification of sedimentary rocks is given.
The coarse clastic sedimentary rocks are represented by
conglomerate and breccia. Sandstones form the most
important medium-grained clastic rocks. The graywacke,
subgraywacke, arkose, and orthoquartzite are the main
classes of sandstone; their generalised environments of
deposition have been discussed and depicted.

Shale, mudstone and siltstone are the common fine-
grained clastic rocks. Black shales formed in reducing
environment, siliceous shales and bentonites are formed
generally from volcanic ash. Origin of chert, based on
silica solubility, colloidal deposition and diagenetic pro-
cesses, is discussed.

Carbonate rocks consist of limestone and dolo-
mite; their mineralogy and classifications have been dis-
cussed. Dolomites (or dolostones) may be formed by
primary precipitation, or penecontemporaneous replace-
ment processes. Banded iron formations which are in
general 3000-1800 million years in age, were formed - as
chemical precipitates. Evaporites, phosphorite and coal
are the three rock groups having distinct modes of origin
(Ch. 10, p. 164—195, figs. 74—80).

Average chemical composition of sediments and of
‘major rock groups are given (Ch. 11, p. 196—197). The
mechanism of sedimentary differentiation (V. M. Gold-
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schimdt) and the subdivisions of the sedimentary environ-
ment by geochemical fences on the bases of hydrogen—
ion condentration, and oxidation—seduction potential
(W. C. Krumbein and R. Garrels) have been introduced.
Several processes of lithification and diagenesis are finally
discussed (Ch. 12, p. 198—202, fig. 81).

Metamorphic rocks :

Metamorphism is the process of transformation of
pre-existing rocks under the influence of pressure, heat,
and chemical action. The metamorphic rocks can be
classified according to texture or by chemical composition.
The characteristic minerals of metamorphic rocks are given
(Ch. 13, p. 203—215, figs. 89—90).

Equilibrium in metamorphic rocks has been discussed
by using the Phase Rule and general thermodynamic
principles, such as regular distribution of elements among
co-existing mineral phases. o

The principle of zonal classification of metamorphic
rocks (G. Barrow and C. E. Tilley) and the depth zone
classification (F. Becke and U. Grubenmann) are given.
The mineral facies of rocks developed by P. Eskola allows
mineral assemblages in metamorphic rocks with different
chemical compositions to be classified under a number of
metamorphic facies, each of which is characterised by a
definite P-T field (Ch. 14, p. 216—229, figs. 91—95).

The crystalloblastic growth of metamorphic minerals,
the idioblastic series of minerals, structure and fabric of
metamarphic rocks, textural criteria for the various time
relationship between formation of metamorphic minerals
and deformation have been described (Ch. 15, p. 230237,
fig. 96).

The metamorphic-rocks can be grouped under thermal
or contact metamorphism, cataclastic or dislocation meta-
morphism and regional or dynamo-thermal metamorphism ;
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high pressure—high temperature metamorphic rocks are
grouped under ultrametamorphism.

The characteristic textures and mineral compositions
of rocks formed by cataclastic and thermal (or contact)
metamorphism are given.

The textures and mineral assemblages of the main
types of lowgrade regionally metamorphic rocks (green-
chist and epidote amphibolite facies) : slate, phyllite and
schist, high-grade regionally metamorphic rocks (amphi-
bolite facies) : schist, gneiss and amphibolite are described.

Rocks of granulite facies (those formed under the great
depths of the katazone) include leptynite, khondalite,
pyroxene granulites and chamockite. Rocks formed under
eclogite facies include those formed at very high pressure
at great depths in the crust (Ch. 16, p. 238-253, figs.
97—100).

Ultrametamorphism and granitization are the processes
which take place at the border-line between metamorphism
and the field of partial melting (anatexis) of rocks. Grani-
tization is the process by which a rock is converted into one
more like a granite, than it was before, in mincral composi-
tion, texturc and structure (without going through a stage
of cnough mobility). It is shown that granites of grani-
tization origin dominatc among the granites emplaced in
the Katazonal rocks (as defined by A. F. Buddington).
(Ch. 17, p. 254—256). Basic principles of metasomatism
and metamorphic differentiation have been explained (Ch.
18, p. 257—-258).
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a3z 100 fxsfae 7ams1 w6 =<3 wme gwe Low-velocity zone
FE TG @F FEA Seismic wave g7 sferast 73w I o | @3
zonefors =167 ooz sy F ofqame sfere oot
(melt) wme It ey emrfors z7g:  «f zoncfrs R.
A. Dalv arg fwrafererms Asthenosphere Asthenosphere gz
Bora @ IT¥9 ¥o7 wwe o o 7w Lithosphere_az sowm-

crust 3w @ Upper mantleqz Asthenosphereqgy $oraa 25+
=z (high velocity zg—50 fvgfsrg WIS THT) EWWE!
sl fafen smm thhosphere 6-zx =z Lithospheric



6 ol ereata

plate poxt smwe1  Lithosphere g7 womm afore sy
Asthenosphere qemr @% plate sgfor afe ez 1-10pfs-
fim wfere oome e «¥ lithospheric platesrfs
Ocean Floor Spreading g3 Plate Tectonics theory-rs
faom e (f5u—13) 1 s 331 23 tv Asthenosphereq
Upper mantle gz »nez sncho srfere o wae owen oS
aemn o3t @ @3 plate junction-erfer TR TR
BeviTarenn |

WO g e 400 fasfwsa cors 1000 fasfwsm s
qLEF S @M z¥ Transition zone. % = wiafen @
*NMEATHR AT AT, ©A arr@ Somrw spinel @ ilmenite @z se
AT FAHS Aw @ mwatar v3 ¥ Himlass ez 1000
e Tz tore 2900 famfa: sreYtzs e Lower mantle-gz
o 3w Aw=weirg (homogencous) wae ( MgFe)SiO,
ilmenite g7 @GR WERW TRINF FAE ATE  ©
(MgFe)O periclase @z e 9"a T@TA ACF WA MR
TN I

WGH (0F [FF AR 7 S HO-a wrt
‘P try1 T, IR Shear wave rawam s awawr w@ A
wery K. E. Bullen twiemmes o Core wz  avisraz wes,
Outer core, o1 sRem wme 1 5000 fa fx: ool tur
OQTFANR A T v@We Inner core 3Ty smwe’ wat
¥ sl AW e R fr Fe orfvets e o
oz deRt ey eaifae TW I AR W I Tree o
HH. A @ *#ivAm fafers wmg |

W P

TYIE e ~ibi seiive ewn ey . (1)
Yy AEewE Wew, (2) sgomty (Shield) wga, (3)
R slo-ay sroamm @t sga (belt), (4) sromta
HT, (5) TR % MO VAT TN CARIR 20w
ym o twes A. Poldervaart (1955) foom =cm =



o e Mo 7

FATA (7 Y S WIA TG o B (TSI
foa):

Slo. A 1.03 F.‘O' FeO MnO M‘O CaO NC.O

562 153 '8 58 02 62 80 29
E,0 TIO, PO
1.8 1.8 0.3

TWIY AU IPTHIAE R smagior a¥aoms

: AL L HIASH

@fas aatd | (weight) (volume)

i 1TF71 S R
o 46€0 | 9377
Si T m 086
Al i 813 o4
e | e o
Mg ! 2:09 029

Ca 363 103
— T e — —
K | 2'59 | 1°83

V. M. Goldschmidt isawes @ o Weq 2@ AWE
oxygen 3 gt *me’ deal, s aluminium, calcium,
magnesium, sodium, potassium @ iron @¥erfers Tofercas
T WF @M AN WA weza 60 s wigwew wwe
TR AWeA IATA  AiwEs w90 swme

“The crust of the carth is essentially a packing of oxygen
anions formed by silicon and the ions of the common
metals.”—Brian Mason (1966).

smzaR araiwE oarertfaem

et Afaswem wafs ) e fsmmtm e
AT TR TN FEN @2 N LRTSie e
= ofarrs crva Seerfa zaatew (1% wrfaraoe srcy ooy
Mr a1 o} Amerta el it eafaaroam



8 i epeaianm

2fexm o M eT TW 1 AN ANFS eww Teweien
frew 7 am (1) s cmem, (2) srafas emem @R
(3) zomeias neF

weaw ones (Igneous rock; Latin ignis=fire) : sffore
ARy *ie (INF I T MR 7 ATS!) ST XA
FAE TA e 09T T8 e AEEE T ANl WIS
W ONF W NG I JCWH AFeq I9 W AR
e Aol SR oriedte S e (el W ;TR TS R
TANS e JLT YT {SAT TR TR AAEE ATwseria
s wiomes Leat, wAn wietew, M2iew, arssh feniv ;
SHA FAIMIA "I A 4 ORI AT ANF @R
SRl (7 ST {SAT IA AN ST o@ANTT INA AT
YT T XIT A TWE (S IR TS YA VT UIHNA
oI TR G SNYRELTAR (30T AN THFS T IN Z0€ A |

smefors oy (Sedimentary rock; Latin sedimentum
=scttling) 3 et serq *1fa A9 T ¢ TRIT o Fed
SIAI B AT W BoME ITIN T @B AETEAE oo Fi Tee
tea) zW1 9E YWF (' IG AN WACAF NI 5FAT A
Fioa ofwoman 40E, AT FIAOHEA TATOSGI QTE 1 e
F AW T SACHTT *MIAs Wiy FTATe s
MR TEAT FIAET NMAN F@ FSA AT @B onerId Lahwrssy
032 03 TFerr dfFgeria ARR T e eat, wm o
NTF HY T TTHI iNETLIE 97 WY ARICT TA | TR
NATAT NI ARITS ANF TIRG WweNw vrera erE A
smafers HNUIT WINILTA HZTH WM FAT [ 1’3, 1EW [FT
HATEAS *e Q2 AT ZLH FTIVSNI TRIRY AiFT A |

Toefae sm@  (Metamorphic rock: Greek metat
morphe-change of form) : az; wesr T3t TR AT SR
(R I T AEATAE gl QWFTS Toeeiae »ned)
THA TR ARG @ TTiEeNA W Afawe T oA AN
FALIR € MY TS WG ¢ aBerI Toweiae *nerad
G THI BN, SIUWT @ FIAIW NI ommed aviias
IFFNAST TATSITS TOTF AW *UEFT Tod ool Tvem
F(A | TATPCTAC M W7 AT 47 @ AT TATHes1ee
F e mA ema «fFeeia srerm eve v



2T MR AT 9

smw (foliation) a7 rzymw (lineation) et wwrs oA
AfTEVTANCTR FTRT MO WS AT AT | 98 FR
T TR ToPe TITENWE  Med s A |

T MsweAt wiww

o #g Taferasa amhie R 93 Wfaws amx
orTe wietew anora Ty S_ATeS e | ¥ R wiwEm
5 AR @36 Girzgws  (tetrahedron) s ww oaE 1 @R
fee-wfaem iyl *@ar e fafen s oo~
TF TS AR 3 Qe JEAMT WEAMT SN THIE IS ATZ
TR Wi fe JTAER T MTF AW AR AN |

fatoeazos mitas vaatiawm
Si: 0
@} fretr ez an WY Bwiwae
Nesosili- Ttf'= B§rrew 1: 4 Forsterite, Mg, SiO,
cate
Sorosili- g% (BEIAE @Fw Wi 2: 7 Akermanite
cate redy ©i5 (share) FIT Ca, Mg 81,0,
Crclosili- (BRIr¥Ttz 35 MW #A(T)- 1: 3  Penitoite Ba Ti Si,0°
cate 3 of wfwwars ot Beryl,
AT Al, Be, Si, O,,
Inosilicate ﬁmgh anfd ow, 123 Pyroxenes, e.g.
arora® 2B wiwrwars enstatite Mg Si0;
LK 16
"BEIeE? 25 (53, %INT  4: 11 Amphiboles, e.g.
2f ¢ 3% wfyrears s Anthophyllite
24 ) Mg, (81, 0,,), (OH),
Phyllosili- BRITeGT "IrST B Msm 23 5 Talc Mg, S§1,0;,
cate ear=i3® feaft wiywars (OH),
AEE € § . Phlogepite

EMg, (AlSi, O,,)
(6m,

Tektosili- SHTPT FHA €TTF 15 2 Quartz SIO,

cate  (BPTem sk wfgrea- Nepheline
e o IT Na Al S10,




10 o ive ereaien

#fre 9% Zoam (@t «fwew  (mineral) wf»ev @
(Mg OIZCAG 2FOd TNEET «iAreR AN 432 ANS 1 AW
arefs suwm «fve @ «fcerm e} (group) wmws— Mty
wiqeerie, waems, wereneTEe, Siaied, MEAINE, «-
fo™ @3 WEFT | QWG TPTHES, LAEHILS @ ArHiRs
ATy SfFee onem w1 ofedta 700 S cmem d
aE TG oiwm Saww @ e ¢ eEme—12-0%
AR —59 5%, eniatEm @R TrEe—16-8%, R-

o~ -
r @ =
T ed 2
= - ®
| ‘: ° - ‘62 o~ © - o <
.EQEU; 02 oS - ® * o= -3 o
$=8=& =3 ot %53 23 59 e55v =
£E8E8 E3 €S €8 E? ag 382 c =
gegee 52 23 83 85 88 =538 3
25878 Gz &2 w3 88 82 582ad &
100 A 1 A L | 1 1 |
E sof- Orthoclase _
% Plagioclase
> 60 Quartz g
z Sodic Caicre
s 40 Pyroxene B
2 Chno-
S . Ortho-,
S 2o 3 i
{ Brotite Ouvine
Hornblende
o
fsa—o

O LA LR HSLRAL IS CREL Bt | saFfaz etazafm
FW AT JLAT |

aorEs—38%, Feli aiwe—1-50%, aramsr26—0-6%, @3t
s 50 8% 1 fafew wmeam e e Séma f5a—2
TR QAR |

e ety wiaw

wrererter (silica polymorphs) @3z Ca, Mg, Fe, Na ¢ K
wrr Peat  eefaciafenas  wiweerfa (aluminosilicate -
minenals) g3z Fe ¢ Ti saderfar gag s (e Pafaces
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oz Sr TTE T 3 3t DRt ) | e Wi
am e Miwrs fagaq ¢

(1) reentsrs Tataer (silica polymorphs) SiO. :—
(a) =mmmww (Quartz)
(b) fifeaks (Tridymite)
(c) rdRen®s (Cristobalite)
GME T FRLGE Ao AGIBI AR *flem I
oy L1633

(2) wwerema (Felspars) :—

AT e Teals enfres ¥fqm (end member
mincral) WA AXABN FAT TT—(F) AT THERANT,
potash felspar, KAISi,O,. (%) ower cwesema.  soda
felspar, NaAlSi,O,, (91) #8w cweiena lime felspar,
CaAlSiaO, 1 oMt (tE WNE  HACAA  (FATLAA
Nat, Kt wmn efesanfore zta @@ twemiom mwemn Leat
zg swd aiEsEt ey (Alkali felspar)  zom zm .
Ca Al #iw Na Si, tz reavonEa i A
ofesom @ wid ~Aertetrn  gemem  (Plagioclase
felspar) zem z@1 WA EEHNTAT W WS AW
T BN PR (FANAT B9 AN s wrd |
GAASTI AN TSIFH [FENMA A€ AWM O [FEAA13
@FEANHS R (T Aidte 0|1 Q@ QiASEt FAHA
e e w2l e Tigw (series) i aa

GIETRTEAT TPFETANCIT AH] T TIANSE SAFAET SA=ATH
FEOA E MATVITHR A Afated (wwiEiRe pem-
T¥) 6 HIGE EFET (FARAF—ai=aeneEs (anortho-
clase) (igfaine (FammE) @EEhe 7)1 A3 S
1z EErtRe 2@ W TER (orthoclase) @ aaraigs (albite)
fafer womre fafere rute wanire waa anee@? mpesiom
teat FAre AR

aerterEn Tifme oomfae sawm werr  sa@gies
TPH—TCSH [H @F oives Aiqw vz u afree «fae
(BT GPRIRG (AT GTRYEG) AT Fowiw Tafers seorer
e waq (complete solid solution) Pzt 7@ wotaw



12 sniae ereaiamm

RIS 13 *FNATCIN AT THHR LA THIRE Laheredy,
@3¢ Xeray w1 &1 W GNF LTSGR AL SAJ TN 1e@m
SFAIMIGFA (AT THIS IAT TH |

038 IvmEiae AT foag «Five «f@w, TIom @EnEm
e agzera z@ (diffcrent crystallographic forms) wiwa
sy HieNATHEN (RAT WA (SN SABA I ZCRCR) |

(3) om3afem (Pvroxcnes) s—

"ZATIN e 46 anfres ive @ W dwAl, (F)
wEuemge  (Diopside, CaMgSi0,), (¥) XeREEG
(Hedenbergite, CalFceS$i,0,), (%) a=wwse (Enstatite,
MgSiO,) @ (9) cwartwends (Ferrosilite, FeSiO,).

% srEtemerion sy sre St (Augite) @ wmle
SEAIOT CREIRGA Ao @k wearaenss  (Ferroaugite)
CaleSi,0, ey zre s awfem sty Al @ Ti fog;
sfaane o amweieres aforrm Fare smR InEs
Frartataz (monoclinic) ep3afam)

seEbE  (Orthorhombic)  om¥zfam  ags  ome
OGRS, TR Fretn endiEA e« Wy Ca
s W ool Ca A @l o e FEmsnie
et srety wwa feferemizs (Pigeonite) ¢ raafarfae-
args (Ferropigeonite) wrety »ngafam 3o sn—amwma wofoe
@z e aneser; (Optic axial angle), 2V wrwy (0°) wemy
w3 W fent @i

nEFfem (HuT ¥ 93E widiealw (Acgirine), Na-
Fet+485,0, aen 231 @ fa amde@t @1 sty owewg-
SNeTT *Mem T I

(4) wfafea (Olivines) s—

gawwoass (Forsterite) Mg, SiO, ¢ grmen®s (Favalite)
Fe.Si0, o% w2 enfrez afaem @ fafen wwoms wairs
Wwq oM oRte  AMAl STHOARS—TY  wieted
UIEITeE @ RINE NTH Ofen W I

(5) «awforaer (Amphiboles) s— -

YT AT TS 1 GNTPRE@A JAM TG *eq T |
@7 w5 Swe cmemnss (Pargasite) Na Ca, (Mg, Fett),
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Al, Si; Ox: (OH): zy@-wries fafen mifaen afe-
R TSR | GEIET anivEEeLiR g e FNIEEs
(Riebeckite) Na,Fe,#+ Fe.t++Si, O (OH).

(6) ¥z (Micas) :—

(F) aPeTeRs, oE (Muscovite) KALAISi,O, (OH),
AIRTGF AT 2 TRFT JLTR I Gro 1 ¥T7w | 97 N0
Na g3t K oo sate #ica |

(%) weeeron®s (Phlogopite) K Mg, Al Si, O,, (OH),
fewzraRs (Kimberlite) @ symramemna srieea traram 1 Fett)
Mgtz eifomne@ Face »m @t Fettt @ Al oo
Mgt+ g Sittrg afomarm Fate sMI—ag TIPS ICEBRG
(Biotite) zem zm! IMHGIRG JWH NCIT IOV AU
g 3iae |

(7) cwgeomecas (Felspathoids) :—

SAFTAF 1 TZeraniaAE ez snem I

(3) @fslam  (Nephcline, NaAlSiO,) waaias e
ATJINE A AT T

(v) fea®m3s (Leucite, KAISiOf) opm sy
weliae A Txoraniase s “nem I |

(s1) oreEnzs (Sodalite, Na,AlSi O,,Cl,) sm@EmRs
SIS 1oy *NeH I

(8) wmmzw e GrEestamm sz (Fe Ti Oxides) @z sww
e WeeAsRe (Magnetite, Fe,O,), %@amzs (Ilmenite
FcTiO,) e zwmwigs (Hematite, Fe,0,) 1



Ty Wy
witers S fafeon witig s siow

feTe ALTE AW ©IA I (AT ITT TEHH & HIAl
Q@Y @ 7R NYF {OAT ZH, ORAF  IAT TN TR R
(Igneous rock) 3 semnTse #ner (Magmatic rock) | o ez
N SN IZ; ATEH JCFHINF AR, 9% FAI FCHIAT (T
YOS W AT ATS] RIAH WA | @R ATSI2RAIT -
fofa w3 3T 26 " Sl T TR W AR
(extrusive igneous rock) gwat zm!

i@ty Srererm @ sl M oNF ORF TN
(magma) zen zH1 W% afers *M I WER TF SAFAY
sifere Toferces (Silicate melt) | w1g seyy &a1 (Water) g3
JATN IFRTH A FRTos oNF | Gf A6 S AT TR
QA e ©rF e 7@ arer (Lava) 1 soresd Iwe 619
TN YRR LA A Q0T W 339 IEI W oM @ I’
IR Tw T Ao MfAe W IR MY IR TETR
WY WAE UG SIA-ATH ATSIR WYY IFIHRA AN TW ;
Arer IO T UNEG UE IHIF-TFTA ST AT AN
T T, Gt I T8 e (Vesicle)

T orfeRe wewen Wi O Twiew wafr e
OV AT FeAR W OtA Ors (e fawrm e
fissure @ WA TENE AN IJ(A)  OXN AR SR
TN ANE STl T Umw SwrAyY  (intrusive) weeem
e @3 SRER (body) TS zmi Ao Swrawt
YN A SN TR {EAY T A W AT WS
e T e SEerd Wi 3 T Tl e
snerzs (Country rock) serzm wy sgedfere zmm deat
TN & ToCAT AT 7o (AWM o 1 Country
rock-q7 =T7) W (°0A WPNIAS T WA SnREn owead)
T AR ST S R

TR} (extrusive) 3z wAFTiwg (volcanic) ez
THTR DOTT ITTHA A GTH SISTOIG ST T GG
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BN MR LA I B TR OTAIF WAF  ATST
AT TIPTSITG IT I MT @ OF WA IO e
(volcanic glass) #faqe W1 @% @ FMNAX WG AANTA
foxr one, IRG STYT B Al AIfTe TeWA WA WAl
Iy W 9 AW WII AB TN @A I TH
amer o (lava flow) 37 sFreIe@IR !

Byt (intrusive) onerzg s It A W @R
TS e AUF ATl TRIGT GIFA YR 7S [ IY
TR T AW JTEIA (AT (WS AR |

fas =2 er== ( Extrusive rocks )

areleRE A 9% W™ (tabular) wem  enem
sFAgs (body) wm Ty w3t el wecefaw
(horizontal) Ta=erzg Gemm @I R *NEAT TH | GAT IS
93 T TRE I IEF TS IMARA 7S [T7ge O
AR | ARATS: 9F QBT ATST TFT FAF TP (AT TS FA
50100 73 »m%s srefx (thick) zmi1 @mew Serfzsm
Qe THA ICS MR, AT TASKF oSl §'5,-15, IS
ATA|  ETS SATS W T FIGT TS (AT WA
T4 G I TF @AY arer (ropy lava) | @@ e e
ARE 72 ATerd -5ca-zen amer(Pahochoe lava) s

Ao e crbres cdter wulst am fatverss e
TE -3 a@rey (Aa lava) A @Az 6 W-I @
o1 7,169 TesTG e SRR Y] JATS Wsaatara-
AP ZIeAE NP WA ST e | caist catsr wher
(spine) &1 oqRA I LIA ATENT I W IT AT
(block lava)

e S ordw fawcza (fissure) g w3 =ow
srifze za od @ 3 Tawa-Efwraa (fissure eruption)
e S g o Tl s als anr e T
wony wen wepe Sere (e 1100° o, w3 wo i)
AR HTS INA TS 2RNTT T 1S S NN Q0FH



16 o fae ereatawT

aF7 @ 9T AERREZ (TR IF 9N TF & IET TEF
T3 &5, SN AW T A

SASAET WTHMS 9% 3w @3B fewmer famma-Siwma
(fissure-cruption) Syt TR W3 WPE FoIHAH-RHITHR
o Are1 S Zofed W3 @R I TH IR GI0H
(Deccan T'raps) | a% @igrer o9 2 7% IATRA (I
SRS AAY WA QAR 9F-IVN) [Peire Te@ rew
oo @SR ANE (ANIE—40) | WF TS MY 9T 9T
YA IEF TEE  T,0 ', Were w (plateau) deat IR
O TSI AT TR | Rw-STeme givTe Sragesmea
93T Tasma» 7@ e Sfemea  (central eruption),
T wA @ swemwlata w6 23 sifaema’ e A8
AR I IR N wew At 8w 2w, S @
Z¥ Ay 31 (Volcanic cone)

weeagtaian i @3’ Fw A FuR-9F Te OF e
TH AF, ACF T W sgamy  (crater) (oa—12) 1
g1 WA T Fgewrery (conduit) iz sreta Sowe’ taw
Trraiaiace Ael WA, & AN A (FUR 9T oRE SUm
SRS ANF | FACAATNIT S TIRATEA FLE Ty YA
41 TS0 21T [T TS 13 T3 (AT T SIF I TF I0SAT
(caldera) | Tog—10-9 e wn¥emic~ea wwaiaiza fafem
Teny AT TCHCE |

A AR @3 faewE ety FereIne et e
oCE TSl W oae amery g (lava lake) sis ez

o femtfaame seemmteiascion swn swe wiwa AR
forform e a6 wbar 1 s Sabwe fafafer e
MBS QB FATE e 1100 535 85, ¢ @7 waromr (base)
30 wiger A1 RS SRET  GARE AT I
wn3enes (Barren Island) wremzfafa wce | @7 wo0 0T
1789 sme com wranests ora faatest | epee SRR
st TreE® e (Hawaiian Islands) sms smos-
fafa e iz o Wl SewiTiecier W T,
femiegm (Kilauea) @ sraawemn (Mauna Loa) | @3 2rme
SEPTTER oo e 30 TrEm 85 0% € ANEY (A



ik belikom pig/njiuiiin bixde Eppk
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18 TN eI

14000 75 B%;! TR T IS FIFS JCRIAT A
oifererm eniagivs  (Paricutin), - we¥wenme-en  AGHY
(Surtsey), wremer s (Osama) |

1975 s ofertr Tafem s 2316 wmewwiata e
RIS BRI’ fedTy Iow Volcanic belt-sgfa
ol cie d

snrariess waewor (Pyroclastic deposits) ¢ srgesTes
M SewEiR (N T ATereRR 'Sl o6 HfAswKd
A AW T GR RCTRCR W TTe AH] T TS
T TZE AET O FAT PATHCT QIGCH oMY | @2 6,331 5.3
qran ey Aew xw @ wRewer (deposit) et IR
o nirEeE Terentas, e el faewr feeem
e RS TIAW G AN HSWIHI ATST ITIAST
2T TeTH FANW F Ok ReIWCeR TWE 1R ITe amer
TS G GFAT TON AW X G IANLIA S TALNd BId-
o RTer oIS, 9FSNR (T ~MLFR A6 T onF I TX
GrreTaAG (agglomerate) | telb B GFALIA WRE AT
v wie oy WIS ea entefer (lapilli) | saosey w7y
>IN TS AT JCFHIANIR FTE (ACF IS FA IZAA
TS JAOHA WA BIGE 0T @I ACFATTT-ANE
o fom (Volcanic ash) a1 z71ferg sea (deposit) ezt a3
Fhower omve T O¥eTT @ e 93t W owT @M T
engiiae o, (Volcanic tuff) | % 3w anfafa e @
*Meg (ST W ORF F@W XF anterier G

a8 A AREIFHT AR oy et TarerEy
WoIe MATeE »ed [EY qUF | IR ST 5,390
N wioer AT SRR AT T FLd HWS A GBI
g Yot IR

Sricae) e ( Intrusive Rocks )

TSI AR T T WNNT S (injection)
T® ous Wipnw (intrusion) zom g SRipmecie fo

JRFF A9 INI O [T I @ werrw SO W 9
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A e e wtE Oem, e s e
soE (R 0#F) I 7Re-97 (Jointing) Tom1 @}
WO I YT SVNMIT MWNF ST ©Mf FqT TM |
AuTe: ¥ TR TIPS WA MNER PSR CABTGG
e ww (horizontal) ; wmew we@ @ e SwR
Iereie farm (fssure) o AreRAT SR | e iTe: o
QTR RN Mafde (T MH; TR AR SR
Ty Srers ©1 A wiveeny wiw (fold), gz (contortion)
1 faqm (hssure) @3t e@D; row (thrust plane) ors
A1 O} R T3 @I SweayY smecaw (intrusive rocks)
TR LS AL AT TR |

e $fve (intruded) smerem *otzm A FAAREAEA-
SR GiioTs ZCE MA; O GBS [3dPs W " »1ewa
o353 31 3T (body) -tz Fweaws (concordant) e z3 1 o
*r% Siven *nuEm wo7 @ o AR Wwen SWedT AneRd
TRAF 1 ITC HIG I o4F ©IF I T §rowaiAs  (trans-
gressive) 3y Towgaere (discordant) 3Ifo1 FoaR o
I @ INFACIT ¢ ToFFTIr—ag I 7B IRTR FIA
Ser s smfwe sreterm fammoe@ (structural plane)
aest BrrAnt e facR (attitude-qzy) Feore” Toer s 37301

AMRTSNR IS ONA (7 YA TSI TSNS
(horizontal) =% waRW IFeFErG CwRyl-eeR BorER
FTALIAT O 6 IR wwrend Soaw (Vertical) fare
o1ot e oz | o werenw Tverens weTed e T
s ta (horizontal) Tz erer Twew wfaew o

% 2PN TR AN WAIT (7 (FIHG IAIACIS EI T
Towg wen o falw'ss ey ene 3tz Sl oot Ao
Toneaed SN (3006 O o A1 AT o rortte W@
FIIAGCTS TS MA! B Torsrers Il Siwen
G FLAT TN AAFSAOIGKA AN WM ATITS 210 !



20 aria et
fAeTer Wt WA oI W fatew wple

forer (Sill)

SER I SR WMT FFSAETSRI  1Ree TR
WEMEA oMo Orerd (1 SwRY vmeEE S A e
(body) text a3z www fwer (Sill) a1 w3l T Fovg
TS TG AR O ISHT TRIGPHILS ICETH FLA Ao
s IR Wy afwes (injected) zrRe, TR SIMT @
F.2Tel e oo w3t (7 R FeATA W ot @
O 6FA IS W% WIT Yo7 AT IR (WEY R MR
(G GRS WORT) GITAG WEWE E @1 2T,
oy @ o e [/ R, @R e, A
GLEAARD |

TG TR MR FCNE @R QAN A LoAt
T, 9FW O [WA IN| @ we. e (horizontal)

fox—12

1S TR (Ratholith) WIVR & ST AX WFTT WHAY

A A AmE |
gl | rzow (inclined) e omar PR R W
eI @ e B MWl O@ W W AmIISY
T TSI CFTACT AT TSR0 W AP ST
e aa

wiw (Dyke)

e oo Taw (fissure) qrETERy  AMUTIA  SEAHNE
71 Tarewrs 0 R A; 9 W TwHRR WO ST
2T A [T AR SIFY DoAY TH OHF TRE ;A
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T TIRT AMAISY AT (B (IAT WA I]R
R WA TRILTA WAT WA (TEICR TS A oI
TR mAIeY cmeE JAl; wiw At IR IR FE U
Ty @7 2vRte TS A, OUF UIRE et FW W A5,
Wt} FI@ AR AMIAIST YA T5, T AT | 9F 9F
S SRT CRET ACNTY OBT N oed  TRRRR
STy o I T AW AR WY WF TH( 0 e
e T, T MF!

TR uF OF ET 1 T (swarm) oI TSt
AT TYR IR (FHG OF WF AR ANFSIESTI 9T |

T2 CE @RT W [ AN AEE T AT
ZAR A AT GATF] GIG S WA AT O I B
(tension) zeaw feat1 3w Tawm sEce: «rfe onE I,
T TIIA APERT ¥ Tz IR I@ oI W e
FACe T TG QAT LG O ATIA FA AWE A
oEma Tama «E T ol oA d I W 6 W
WYY AT AN WA @A O PE bAe miwe ZH

W SWERTA  ACRUW AW (PETe® TW R R
@A RO OW W W Oidd 3T wornd
(radially) fasee zTe oA |

oty (Laccolith)

e THAR CE SR THIE Ty omTen TLW «OtH D
0 TW| OTE OTHE SRR ¥ 5°61 @ (lens) ax
To1 WAyl SAWIA ARE I WEG @A IASH
(convex) zm, wYd ELA-FIACeH (plano-convex) SFTCAA
«aTs Svant wIERE ATzl aR 3w SwradY e
e Ien 7@ anenay (Laccolith) | 7@ 3w ow
AcaTene oo A1 e (floor) ats; zem T wuwaR

garsy (doubly convex) zre #wA1i

mmfm 9% I TRINAT TEAA I FEAT W |
T TN RTINS oA W ATHYS T, %R |
srger a1 TewenAts (Viscosity) et zom serm wow
e W WA NG A ; €ew vwyE wfEwe” e |
Sy ore@ (e orifice of intrusion) o FWE FTNE
e 1 tow (dome) @7 TR @ @3 TR



22 ANGTAE 2SR

TS TRE ITM A G2 TRWAF W NT A
I oTH OAiAew ot oo sem C. M. Gilbert
O? 7N ST IR 2w A Twrmces

WET e TeECRY oM FIWA  ANINONAT WP
NS TEER N | TR 2 o TTE 9IS T
T W T, ©OF WX AMINMT WREe SAvwm
(elliptical) zz4

e 417 e Piew SR Swwt 3| T
TIT S 2R FACS 2T | AWITAY T =S onF ©*5;
IR TOWA, 1R AN (e o b (tension) Fmeat z3—
O FCA R PSR WY TINIA WINF FATCIACER
o FACS LA | FCFIONLT ST T 77q A1 ToA T,
(Viscous) zzat @q @I Mewad ACGH IART (IFVTE-
a7 INR) 1T T L90A SRR (39 YY1 ZCS A | O3 ST
e STy criawe 6t e Sosw SorAd Wy Tew A
oA TXT A, T G WNIRAIG RN @R e
sate ot a1 @} 7w Iferw feaiee; (Bysmalith) zew
7z Iddings @8 am Twowew )

rozenffoy (Lopolith)

QAT 2N SRy SRAT IIG HAUATSHT IAIAGIG
T GFT FRTogEE (lenticular) S TR TR T A,
SIFR AN I O O eneenia (Lopolith) et (ate
I TITTH-OT S QIVT ST AT MIBA A7) |

Ao S SWTIRAT ANHTIIT T FACHT  TNACAG

foa—13
irtfmy (Lopolith) (a4 ffes | ergragm)
;(Minnsota) T Gy e 3fe (Duluth gabbro body) o
@7 350 s18e @ s Bower (thickness) zer 50,000 51
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a3 s 50,000 w7 s¥er @3} wrEGaer (outcrop) 15,000 o
TRer |

AFIToRT GO AT AR AITT | S
YRFEE 7T QR SN (I JA, TH NI IWOER
wrifae oo e Rim (Sudbury) s @ faume “fecsa
Barie”  (Nickel eruptive) wgx smews @b W=
TRFY TR Ciive OIN Ementay | WHNiAel T ¥R
SO IWem omenm Rerfwamy wwreersm (Stillwater
igneous complex) @3 IZE TAMeNTee TS 1 Wi
gy Ipwers ot weers  (Bushveld igneous
Complex) ¢3f5 wfe 2re weniay 1 «ft 300 s¥=r an
@ 150 31371 561 wra $ovwr (thickness) 2+ grom w5 1 Aiwe
sRren Trenriiers w3t fa-wmiemm sm S
AR (AT WY ; GF *Ne@N TN T T ATSiae Trers
sfaers e @R @i TR ¢ vy fage A
deformed zzwg |

W P (Cone sheets)

@ TRILTA TERFW TG LT GR GIFRN
(Concentric) ¢ @3 Frwa e ats (Teer-dip) oram

fow—14
¥tx fa%A (Ccne sheets) (N5 ATMIRI EWITTY wRtfaw wayta)

orwa WA (Cone sheets) o1 oz FRIAGA 30Ea

FRIWE A IQRNA AMF A1, ANETS: IET TP 56U
€ IFT TRA WIS WA O MMA| OMLGA IS

BRI P OIed AT WEWE Aed e



24 qRGTR ereRin

afecwer (projection) Iwem WA YT T 7 ON9A (3%
foq mBer ANG TS SRS | 9T F6 ATIL AT (I A A
R AT I |

aromerRPr; (Apophysis) ea ore; a fewa (Tongue)
IAe TSN WY T [@iww I mv ©iRF
WA ST WM WAL WA O O QTR I,
1 Toq 3m

wwaiias o (Volcanic vent)

SR B I A (7 MY T T ST (A
TN 203 FEEA BT AT IWI SIS (S0 W
{plan)-q @, withre TERR I @ (FHe TP
ZTS *M7 QR IFTF FT T 0 00F AF™S FF MEA A
s T Tabrs Tre A IR AR WS T
IqAG FAG AT IFNTaAs; o6 (Composite Vent) pezt
24!

ST SMCAT S SAPAF TSC6A AL AT FAOE
(Contact) wzwr «rer 7, WG} @ TGy, W% I T
T 3 a0 v AR Trwe Too Face »ma ) soias
TST57 ey Ore, @t (tuff breccia) wermteg ammer (Volea-
nic lava) fgerafzsmer (hypabyssal) 3 serias (plutonic) s
TP SN PTeH T

fa wits (Ring dyke)

R werfa R-«e smhve @R 31 IJRR1 @
T TERR Tt OIRE Jope TaRer | smim onedw e
far TR M@ AT IWF I AT TF, @R T GFAA
GG e TR [ ATST T AT | T2 TRFT AW W ACS
512 % xF—wrd 15 ak; omws i Taferss e o

E. M. Anderson @7 W3gN NF T W X AU
s Afex sReme w@iecato: oowne e (radiating
tension fracture) gx @R O W FW TG T2 ITAN

T TN R ONR ST vera fseer (lithostatic
pressure) rorE IN IH, CIRCFE MINE St 51 oG
R I o o @ gern (annular) Iy SR FREHER
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&Y 71 @} FeE Aty R (shear fracture)
‘WG ¥ TW | Anderson @7 WT @F AR TR TIRE S 2T
A

foa—15 fsa—16
fpa—15. 7t Gi¥(37 (Ring dyke) ZtAf5a | IAA 6 1A |

foa—16. fa¢ GiR(sa fantfas o1 AT ANS(H A7V (IR
¥ILE 1 WIPIRY SFIAT wHIfAT wagty mw Ry

GZT FIIGR Y I T ONA OF WY AT &R
e fafoery 20 ~1T O3 SRR TYTE SN ZCH MU
W TIACS ANF | OF FCOA A WA FIFER W GILF
JieT TN A T | ILIE 2T A TSN FA 9% I
VIS WPt AME O I/ A EiArsIne
(elliptical) @35 gwin= (intrusion) grar IR, &R *mesr;fa
YTETSIA STA T PRI 7o (I 0K | T Jrory #f1eq I
MR 9% FIN TR T6FF A AToem T G308 AT SR
FEFG ewIEW (concentrc) faz wiRe orun Tt TIwres
e @3 IET a2 oiky it oo w1 e SvriweE
SR BOW TWT A ToRTeE b1 i1 O WA &N
9T TR (reservoir) f¥ 8o wrwr fracture 371 @FAR
TR S ey FREeT SoRY Z0e, i el faiver
G MIRE T TS WP G (A0S AT, I aft syenr
T (AT ©T 1 OF FIIOAT FCYT WAT GLF S 21
ST IS I R G WP IW ;  aRend
s e e e {63t I memd ook ([
Piecemeal Stoping) zom 3



26 i zroafam

ST > AR W0 G T T T oide ten'tes s
3, O @ Bom T el WA I A A
(cauldron subsidence) Fon zH1 T ANH IAYA AR-
Torers e FReTE o 8oy Ty ST AIRATS WA
e WG IS AN

wlw-Tatwe wetw waw e sawar fowy

sler Tem GNP TET NecEd e G @I HiFT-
T TR FA G TN TV A 2MIFRT AT AR
SIS 13 LATeaee Z;

weTioe (Phacolith)

«ft 93T I7FaE Sweyt (Concordant intrusive)
@R FIEE =W *MFd afGFReaa (anticline) 7 gf+6-
T o (antiform) @31 stz @ Tsmzda (syncline) 27 fow-
gFma (synform) T @ smafay oo a1 e
TR 6 *AF—a} W} ©NIZ TINIFIAY (WS HFHIAA S |-

Fa)

/7 AN
,’\ ,/\' 1 / U [}
L \ A7

b o 7
4 l#\‘llvlll’allllﬁ/j |
NG Al

fsx—17

St ¥tY (Phacolith)-a¥ wiwttas TafeRy 1 eryroey |
(A. F, Buddington/) 1925 WEAILX)

WA O AT YT JAR I TN 0% (T O FIINO
sofiwe (Plunging) witermr siwen oyt amn1 w2 ereved oo
TN LI SluT WO TINT O U4 FIITLT  *oN+H-9Q
gfafsoeme (elliptical) 71 forpie oram 1 smmrere shem
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oo (Limbs of folds) omegzm »ox wroriys swor e
O TN UG W NN RS R A, O
OH URR TF G iA-Facey (doubly convex) ay rewmr @3
N |

FICIFTY ICAT 1S I TR [P0 0T 06 A | S
SONwE e iy {eat Tenw W eltan Wiy fewweem
7T T O A T AT IR S 2NN IR MR-
FZ }A; A N @ Teg s Senatre ot
TS 73, 92 2P TN I (T LI INAD ST (1
o i o Wb efe A% 3w, o ey e
e Fotad ofe e 7RG I A1l

fafamia a1 Swamwieg  (orogenic) Wy  WITTIG
FAFACIS W32 TR WA oI SR fapemeny At
oIE, @F FIA SRFINIERT TIPS @ e A1 WEOR TR
foeq @A w9 IFW A A7 W atra sapw (pluton) Fen®
o |

awerfory (batholith, bathylith )

Swayt cmeta wfe faerer wmEa (Intrusive body) -z
amenterer (batholith, bathos=depth_ lithos=stone) zarr z= |
«af fooerers o Wy,  Imienem Tafgenn?  cerive
YN FAT ST ; GG GFI SOUHH (I ST WL
T ST TR |

AR QLT PMeTAF AT TPeTaS ey (oAt IS
A QT IRMF JCFT T ¢ TRTF TPmeiae *ned
o e mA1

ARG AT AN FOET AAPIACTSNA (AT
Faaers (concordant) zre oA WAT @ FEHE A0
focw Toreaerd (discordant) s oma1  fazm e Sfemm
frew o I%S amento smw = formertend Tt
YA T LRI ITACE |

frmer  amafaecfer  srTaem mIdfae afww
(Tectonic axis)-qy 7w FAFAASKT UXF | AN 7Y
I LN TR (O AR A (AN (A
oIEG ARA ARG OFCT |



28 ol ereaiam

Syt e o 40 IR e e T o
o I & %3, (Stock)

St nezam weifaer

e A} oI RO A M GR @ mF 1
YL AN ILAK AL TV Y AT O (AF
AT A TFERT @ UER TR A2 ITATESA IR R
fo sam Iwor oS 0w @ ST W1 @R R REn
AW 2| FAF T A, F.A (Hans Cloos) «e @z am Tl
o oIRD; WEsiee, (Cranit tektonik) v Swraw} smeraw
WITFFI | GBS Y AWIZG *N1eF 78, W) s Sweayt
AT SO ez AFENT TW Aed |

HAE-UHTTAE I

(Structure due to flow)

TG AR FAGH A q SGH O ST (A
TRAY LS FIOA T AR H IO ZH 1 GF T TR (AT
T IS 9I0F O TRH NCIA WITIG S I
o W fWEw oW wen Al FAE AT WIHA q©

foa—18
AT BEBw 1 HmTa—foet, e AREF vl ffes, lin—
fafarasta, 1—smfeRfowtn anad, c—a wird, d—siaviam wned
f~wi3_mtfae wnd)

7, oy (I 1 Bgpw (inclusion) g% swaw sEreIrTeTA
Avors 1 @¥ efamrowm (orientation) ey Cwwom
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I AR sTere 1 eRfre AW ATERR RGN
(ow line) prer T wrge wemn Teeny afenle few
1 (R @RI q[, CARAW ©Id Mo aea smeen (platy)
YiNE O T NI I WEOR RN AN Ao
TR ATOMTTS FW WAI TUH. FASAET I AT
O3 QST GAB W IO T NG| QWA I9T TN OF -
oEE A oot Ve | (flow layers or platy flow
structure) | I ANF ANH TOAR T TSR R-GF
fREid  F 9T *6F 9R TEF 297 ANELA O

fea—19
«3f % 37 arl B resras fawta ( feotr @ % 1k% W fofes )—ntn

fom—z0
2 #, 00T Bxof:—w:of: ATRY (R. Balk, 1938 W) |

ST O XA 139Pe Zw *rEq (schlieren) dwnt
A @R Twad weeew enegam coriocns (foliation)
T Tere o0 TF-MEH GF-CTTE OoR oIF, O O ATed
(dip) e A (Fe I YRS A1 AT HW AR
TGRS @ mmwmmmemm
RS A |



30 o iaw ereataar

@% LN ORI eI TRERT WM A LRENIER
Mo TOTGTG SAPSAETT qUF | GILid PR Saives
@ iz Tiew oo s wcre (right angle)-q o
I A I LA AW BF-AEN MONE AVE 2 TR
=18 Teed o1 o a1 (Tom—18, 19, 20)

TORT ST [AF AT 4ol Td 8o e Bore
MF | SR M TS ST SO0 940G T T
T} W ANPE I ST PN T ooriere (stoping) «3g
@ S PONTAE TR ITA IWS ANF O I T
woaniele  (xenolith) | syrersma sicesr  Tafesmm  (reaction)
T ST AN FA-LRAT ToW T Tocw SwrdY s
Wy v ToiTe o anw !

fawvr-wiTe o=
(Structures due to fracture)

Tt TR OeNd (CF (3 BN W IW AT [0
e om SRR I, AW AW AT (IS ZTeTd
e IR 51 IWIAT IS AMA1 GRS 9% TR
519 A FoA TET THLIYT T € O AT e
o PR oW (new structures) Peat ITA |

0% AR WT Wy W i fafeam @ vamm
sigw (linear and planar structures), s sr'erT TW FMewW
oigm (zones of crushing) @3t ot ¢ (fault)
Crrayt AT TRIR SOl T FW YW wy (rigid) zre
UTEF SN OF TAW T A1 wews (joint) @7 WIS zm1 @R
W SWEAYY N SRR WMl IRe ey e
o |

#9 wore (Cross joints) @y fod wows (Q-joints)
O FROCTR 3 WSS TP AT O3 THT-INEER A0
wacewe (right angles) oRF ! @ 2FRAR TR WM OF-
s ot T o ol Tel-mtaed teat mewm IR,
,of wrpdwfor Owsm (tension) ey afw =mi  Swawt
o SR iw o TE orrw TRl et wee 1w
we, Gfenfa (radilly) fape o)
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wates,feser (longitudinal) 7 gor-wrr® (S-joints)

O YT AT 932 G THFI-NECT OO FATRSATE
o fo8 e W -SE-GLTer smem W Fidw Tenwm W
oAt 77, O WS AW TSOET AN AT W% STHCGR W
ST R AT 2N AT A ; (FoH QoL ©
ToAIBIRD, AT FAH O% GTHCOA W 9T |

wo-aRe wows (Flat lving joints) :

T SHIHT PMCAT SR|IT Y JHFKIT AW T Fo-
MR GG AT TN STHA IOU TH ARNET FH-ABL &G,
TRIYT “NA€ HHI-SI7 @ HPIABNOT ((ZTAZSTOEA IACLH )
Q7 G FI6 AR FEG FIH IO A |

fee® (Rift), var (grain) ax gr“etw (hardway) o

AT WE 4T AIEE (S O W I OF A
Taws; (nft) | feproa Aresr Aaere: e (right angle)
QACE *MeF ING GIRIECE e e (grain) | e «Fie
IT TS A PO 3T e S emmew T, TNy
G} SRTeY BRe J1 ¥R P ONF I ZH Iieq i
(hardway) | snegzm s (rift) @ Taew s i e oneta
T A FHA AT GG GX T 9T HIE S |

@ F& (Hans Cloos) @7 ste awidwa 75, Anmars:
G-I I A 9IR Tew anF 1 ©@ e wie-
T DT T HAPSATSTR 4R |

safe ar w8 (fault)

G SHRYT CMUTEN IRWWIT 4NA 4NA YR, T @
AR AN AT PG WAT W GF Y GPOMLIACE Jem
¥ TRTEae oro; U @A SwRYT cneE ¢ O M =W
FNAE W TSR TH @R owa Ate (dip) Swrawt enead
JAWIA PO HE T @ TR-9F WA S OF o
faqme (en-echelon) oz v (0T @RI I/ @ ST
e SR Atz feew oo Trow SodTeen

s iSorw ¥l (Multiple intrusion) 3

@33 o 37 channel fyry T TP AN W @F, T2
1 WO TR WA I TR WA ST SN



32 i ereaiam

siw 3@ onF tUivem Baiwrm (Multiple intrusion)
N TN GE0FW OF IM S WMo Sl T Aew
vy ARG T €T AMTIRSHI W T IATH
i | ,

wwrontas; lpns (Composite intrusion) :

fafem T W% orw @ oA T SRGETM A
93T It Eipw derY zTE A wowE WA
fafem 1 @ 0¥ @I Swyt we sHeRTTe st Ao
HTIR FAHF FACS *MF A AT FAHEB AT ATICSS 2 |

o9 ¢ aww (Structure and texture)

a5 (structure) F@re *neran I JFIAT TS LATom
(feature) war z;1  wEww wF-ANTeGR, WA (SCRG), SR
7% A1 wigx (ropy) oF@ Reniv!  WRe (B6 TPIAT 6w
TF TG MR GINES T FTA BeoY 5194, SLFG KR
T T T AT G A e @R 36 ¥ Teaew
ok faare owe oF faw enem Fw e (texture)-ax
qYy !

coingmm (vesicular) ¢ wfworwwmrem (amygdaloidal)
e ¢

R ATSE WY FATSS IWITH MY @ I YT | ey
STV BOTT GO TNCA O WY LoTF R fRerT Tm e
TR WA LFLME AR 3 Teu, @l Il e Fwere
TS qW, ST A s e (vesicle), refwrm o «faw
e feemdp; (zeolite), Fmafsefn (chalcedony), remmser;
(quartz) Feyiy, e S LA O SNF IMTAT TS A
@ I zw amygdule), W @} sz TNz @fOCoE-
o™ 99 (amygdaloidal structure) | ¢% IMFNG TSI TA
Y3 W 9N ARCA AL AT I T oA (scoria)
T AR AT (AR TS (AT OHF IA TR 2N,
(Pumice) |

% wet (Block lava) ¢ zaet wrer (Ropy lava) ¢

Sgre ey 2AiEe TOWW AW (W X UWW ST TUH
wrem Wom o1 cerer S UM T 3wy (Block) e
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7E, O/ AN AT CAibIaiT T« IS o A TSl
TSR AN @6 IG W% GIINTA 4O TS AW
ME | @3 FIW AreitE A xF 3 arer (block lava) |

@ APEG. ST AR T (YT W O 2FTe O-
U @ Fol (A SO 2[/AMTS TH @R @3 Some
W8-93 TS THT @ WOCAENASII B°5; 16, AF | SAF AN
97 Borg wied T MW ¥x (ropy structurc) ora I
g aenE I T @Y arer (ropy lava) | 3% e W
et eeia ¥ Aiqaiwe (iregular) @ @FWe R
z7 fovg @} THa WONAR ATeT, AMTF I TH  ARE-TH
a1 (pahochoe lava) em rstirmeia w7 e o1
TTGAR [T WO FRIAATF (q0F &N (MR [T A
AMSI7 Ty AT I&H € IERW MY IF TSR e
T Y 4TS 9% CIRE O3 WIS HO9 TS 2ANTS
TR

Fu A wows (Columnar joint) ¢

ome1 2@ATZ, TaerEs: IS AT WITe LATAGT I AR
TG | TSl 1T TETA W AYTSIR IS a2 93w FoaA

fsm—21

AJIAT 7143 IMAAT WA (Columnar joint) | Giant's Cause-
way, @a! {7 #1358, |AIATAING | (A. I:olmes, 1944 WFAIT) |

I WG AW TR G ATS] 2R I ANIIC PR QLo
(Columnar) wewR B A; WX EeRie 5-7 FREY oX
(Tor—21) 1| SreI7 (s Mo JY IV AR SED IL;
T 7Y AW |

L



34 . anglas epeaiam

fozon i vl @1 afwow w9 % (pillow structure)

wHe @6 @A @mel, e I oo @t IwE
9% 7N TAMEEE IFIOT MAWT JINM ZTH ARG
(spilite) | «rw Toren sd@s (pillow structure) ey 1 @8
P AT IS 19F =117 N6, SNEA, ST o A
picm (cushion) w61 W} ool Sefaom 7o e
aisa wre (glassy) zrs »nca 1 @] ferension feom retwee -
WA AMFEFONI ACF ;. GBI TA @F WIT FE@ ATF @R
s 101 ToaE WIFHAT T FAFSARTSIR AL | Toreriet
@ TN T G O 9T G0 TR GG AT AT
foraraiern soma e Ftsr Poenectarn Sorivies st ol
BT AT | AT AAW Toea Bhee A 7gwtwan (breccia)
*ned, @AteerdTaam 55 (radiolarian chert, raferafas ws
2 el Dilatmm wl) Zenfr fafwe (impure) fHia-
formor RICT (5o ) | @R AR TF IR0 I 7 o
Mo (ot AW SIfeTS ATS] NATHA TAI WU ATV NG | TR

foq—22

forzen Wit (Pillow lava) | (UG 2@ | (4% 7S wisis 57
wRATE) |

JAHT FSRAA AN AT ORA (marshy areas) ww offem
TR W AN IAAS R W feramere oAt IS
NR | SASAY Torenemer TeenimEE Irow cmerad SO
ST TR FEPA (FAHT ACE) | Q€T (OITi% AT
T *MeH TR @R e (Tse—22)



vy Wty

STeE SterT I faets
@ Benmisw

YA TAMH QR 96 TEANTS Ry @7 8o
19eY FF viqeda i Fa @ AfFEegia @t e
IR AZCE B T 93 CAUTIRSIA (M FZE W | A
AR YiNGerfens T (cssential), s@les (accessory)
Q3R tater (secondary) «fRe Tzom e 21 @1 aww w21
TeEitE AP WA e | aEe R sidleaE [
ngfas Aiwe 90 21 el fWamEeiE wez-leem,
TSR AT 2(YCAA W] OF6T Gel 19 IR BETbeaTd FLaA Q6At
TR W {IREeia A A 5% 393 o Ahe e m
43R 91 IV AIICE A QRINT i AIFEA 7YA (FFIQ 9F A1
AUCA O LHTCT A ZCR | @ AR AT 4@ I ATIC qnF
83 YA ANIFACR A AvA Sorfrete A Seiilets s
A T N1 (R A AW I W GF PR iR |

QEYl FATHE ¢ MFT af T2 S AHGeLons Sm
a1 gy Felsic e felspars, felspathoids @ silica tera @3g
mafic o ferro-magnesian o e SRRecTA Tacn Zeat
Felsic ¥fqrera sty e TS 06T QR IN ALATHS TA%-
N AT, AN (I G, (GEAAIN, (PEANHEG, (€ OFe-
120 ) -an e Tog, = Siomss e g5 1 i Yivwia
S 387, ST QR FATAE W FANH AMETS: UL
ugie S5 SIUMSF [FIANHE ZH | GNOF AY TWE AT,
nEiem, anfwrma, wiaten Agm wale (= e ¢ GraGEs; )

(1) wuph o W7 w3 vorifanm ¢

7R watie Wlans @ wea 9 W Aive yivews
o1y ea WA Tm AT snucEm @36 a-wsT (colour-index)
Pad 3 IT1 @3 VAJE W F NI WA TEF 6 MG
area ATaw s A FTON W T 7ARIT TH | oA 0 rawe
30 sier afes =we 100 e 70 e toatwe «faw arem



36 on i ereatan

s TerSreeive (leucocratic) ey 30—60 eiwr s
oI @WEFsE (mesocratic) gy w3z 60—100 s st
yiqe o wAAeIoe  (melanocratic) A 3iwe
RS WATAE ATl @ WeT aR ANFI, A,
oG A7 I A6 SICAe  @IG wemmies (ultramafic)
o, AR oWigs (dunite) ga wiafewerier 43 TR
AW AL MeA | Ty oPrve @ weReie memeTe
TR ISR YWIETOFE oed @Ew 5w (chamockite),
ARG A W ~Mq AT YTAg A 26T HFe FE
[ NP e TS A WA TyAe Tovg o’ {ASF@Ine 23

oiqe @ W JAAFHTE AT eI @Fie T garert-
fawre 7 s orem TTECR !

(2) Fomwias o B Tofs e wwewm nuzsw
oerrtfaeT

Fowfa IR FAEIAE TommAR Gem Tete I
oy onerEd peeiaes T zEce | @ vt faeeeiE
e PMerAT Beorlg FRCY S o Sl A |
sAems fooa oem zH1 @ sEndeerian s Telas
A LA/ | oneea i THlers: srovar 35t 80
S Wyl ArE | TATEer «B e e aiwim arE S
e aeriaeed T IR FAT TH

Acid rocks TRfamt sremar 52—66 ag st

Mafic or basic rocks HfeT srowar 45—52 gz Ty |
Intermediate rock fxfara srowar 52—66 «az wCyy !
Ultramafic or Ultrabasic rocks fxferat srezar 45 @z a1

Fforr-orrmy sne@eiears smies snetag gawm aneert
3 AF ; WAL I @ (FNT I ANF ! OGN GFFA
R TAFT ACET A |

Taferr wfe  sapwerner iemSIShandhhw
msase; @ ter-e e« wRery wiReegiate
S ICEA | TT YTAEr A TS ot Sy TAteeT e
Fganter (compatible) srn @ TifersT sy (saturated)
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«AE, QO GAT [FEGTEHT HON A 9T | T ey
s ofwe e wemams, ondatem,  esferam, Wi,
TEEN, GRS @R @ TAfeeT-sowery (under-
saturated) g far aictay Tferm sice i w@mm
Iae1e incompatible | R wtw wmre TASIES, @wiwtaw,
TATORNES, XCRARD, (CHARD, OAEHIRS,  SSEA A
wtetew, wlaerids, eeae

ffaem g AlLO, smen v wangs 1 ALOg3
Fessr NaxO, KO @ CaOx oo’ tets onecad vareriizem
T AW wEE, wiwien e Taeaw AlO,3 e
Na,04K:04.CaO5 sfafedam swome-1 : 1 ag= ALO, 3
afedemn smome 1 : 1 «3 trs 3w 7w o effewem TR
ATy fawEas egfere 1 S. J. Shand @% wRyome

1. Peralumino- | Al,0, < Na,0+K,0+CaO | muscovite,

us rocks. IfafEBoriz wgois WAty biotite,
cornndum,
topaz.
tourmaline.
2. Meta alumi- | Na,0+K,0< A1,0, < | hornblende
nous rocks Na,O+K,0+Ca0. | epidote

afmfaloty wyiS wanizz | melilite

3. Sub alumin- | felspar and felspathoid #4¥® | Olivine
ous rocks. FASIT A',0, AAWA 31T | orthopyroxene
carw wfe Atary (AR 3™ ¥ | diopside.
R A QWIN QT W

4. Peralkaline | afwfs¥wiz wgeirs wyniza | Sods amphiboles
rocks, Al30, < Na,O0+K,0 and pyroxenes.

2w carerta sneerier wietay Tferar- sy ~opiae sz
8 UrATTRS; wTot | faets rata oot sy smemn
eF A5, ST IS 71 ve 't tety et ge-
TEFENy TR e Sb T e T 1 see caA
smeerfer oy Teen Na sy somme oo s boat



38 TR ereatam

T | HSAR 07T AW (X 6% cereYiaer Tees et Sevriew
tafesis ston faoem see g g1 Cross, Iddings, Pirson gaz
Washington sy wsmeafaem sdew condere s 1903 s
oINS MABEA AT SAWEAE O TewelE a3l
werifaer oAt wawt ae CLP.W wegr Normative
classification o w1 oneEm ATEINS TqoETET T P
Fowia W “wrow TwEe sfafssa- oo w0 =
o8 Tzomam o Taoms faaw wmee (A Holmes, 1930) 1 @2
T o7 FAR W MeNTS AUReS: 7 FAE (7 7T AT
tert T Wy, woRR A TR IRy AT Ned X
GIFN  IEF AT @A G IeRE, %% W (e
ANEATHF WR TR 10rE am orew 2 | ARG TRHR FATE 73
Gival 1 ©Iwa S IRe e Wiaea werte frera
w7 Wew ! @3 il T F Tamimm stafaderor s
TAAOCE @ A AW (NOrm) A g1 @ ATAAT TS,
(mode) ez FA3 WEAMT, FRG @G (7@ aFeo7w 1 ATz
@ PR WTE STHA I, TS |

- TEIME TR SN Sl6f FAT T1F 3~
(1) Salic group sz sty sge—Quartz. Orthoclase, Albite.
~ Anorthite, Leucite. Nephclinc. Corundum. Zircon. (2)
Femic group g s wmeg Diopside, Hypersthene, Olivine.,
Acmite, Magnctite. Ilmenite, Hematite, Apatite.

e, @ WINE. AT TAANTS (AR AU 2RAT 73
ealte S5 I TT @ SRNE AN SiETwgesiag Wit T
feafs wem T s fafem swpone e ome realiaes
I '

TR I ¢ o SRR tmal fersm o a3t
spyfs Paul Niggli fswg arares (Barth, 1962) | v =
rwen ¥ oruTe IRER T T



TOWT @ ST NYLAT AW ‘39

Wm.memm
T S ¢ faoomy

AN HY TG AT (T A | JIT 2SS W&
©13 A% A T oefEs I wm, e ¢ (1) orfertx
oo wiin T91 (e o -Wewetd I W WM ST
T IUF T € GNIA WY ©F A2 WG, (2) IR
AOLRT  WRTE J@T e T TEUR G (A
HI% z3

FHT TAMTEF MOELF ANETS: 9IaE  eneise
W A on I A 97 IR (1) v st e
ARE TS [AECA SAMIN TITG Ty SN (SW IR
faore Arer-e@iz feAt A (2) TEEIWER R A
FIZ ARG, (3) AEEenanita *RATW I AT L' & P,
AT 727 TR FA AW HA AWAY omed AT T0S
ka4 N1

AH,  AGWUIE  AYTHE [ N FAEAS W
Ty SFey WRIFE 41 zm A Jfen S enefuw
AT SN LA TN ] LT E  ANF, @A
e wd, wehor adpTan w@ se@ wmrm wa
G HESq ZTT ANA

R A Dualy fz5@ gz rfamaced o Syt sRmastfax
@t ©18 ARG 932 AMATSICAAIRG Merd oAt @3k fweAat
ST TR 1A SIS AMAEGT AT GTICTHTRD TSAT

Twaa ot s sihes a1 e siae geEE wE
qFiETow syeena SeviTe xw wFwr Tafem vy (ars ernfere
TR A TAR TEIAETE  TYE AT AIED  (Wee
ArEEES) e H G Zem AYSA |

FTUWS WA FTF ZTH M GWGHEG  amern  erfedtw
O-NUATA- AT QAIFTT AGA ATIANS H TG W, (A WA
Y e STHATAG GHAMTAA U AN TE  QCeGHIZG
e T WoTAR @NeTHIENE OYR «aFTs  enefhE
ITORTIA PRI Fi1 (T ATAL AT WA TAT T0ST 8 ANG
AFIMHT W ©TFE AMGAT AR T ONCGHIRGA
Bevfe 77, fomy @3 TeTs ISR NI A TSAH @W-T-
MEs erafas ayenn T AMA |



40 o iae et

WS SO $

JPTG, AN T7 ST APRS, AFR TS, Tovg W
Y EIE F APTS. FTS] T iwiae Teqd FE O
T RYET MR v fAT T M| HeAR MeEE
Coma AV @ AN 7ATE RS ANTAT BAMH @32
O TYP NPT I —a% 7,2 Y SR FAT 2ACHTE |

TMONR T 6o TTnd  weed 2 e i eme©
AYATS: AT | O A IH ML Ty wrozar 70 ooy
o7 T T ANF | W e WMy IRA e (CO,
CO, CH, 2enfr) 93t om (WF 0 AU AR MHANLIA
(S0, H,S, S,, SO,), egrer H;, HF, HCl, NH, $enfw
e AT TN oA |

A WY Ao aemiRe favamay
'L ¢ I

aGtra- | aire- | At | amI | @fuloa | corfarwt
niEd AT [atfant ¥ AT | Atarar¥B] BB

(Jﬁ‘lﬂ’h‘ Andesite;y Bisalt A kali | Nephe- | pPerido-
Adame- (tholelite | basalt \ line tite
llite | avenite
.

sio, 6915 | 54'20 5088 4578 55°'3% | 43 54
TiO, 016 131 2'03 2°63 066 0'81
Al,0, | 1463 1717 14°07 14°64 1°30 399
FesO, | 1-22 848 : 2°88 316 2 42 2'51
FeO 227 549 9°06 873 200 984
MnO | o006 | 015 | o01s 020 | 019 | o2
MgO 0°9) 436 634 939 0'57 3402
Cao 2°45 792 10°42 10°74 1'88 346
Nay0 376 367 228 2'63 884 0°56
K,0 4'58 1'n 0'82 095 534 025
H,O+ | 0'54 0'8e 0'91 076 0'96 0'76
PyO, 0°'20 0'28 023 0'33 019 005

(S. K. Nockolds, 1954, tate #ssiere )
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o IR TpeReLIA (ATF T AW X AT
@ sz s ¢ O, Si, Al, Fe, Mg, Ca, Na g3t Ki
IR TOWGLA wywe: aPR @ifes oM e AW
st SIWy e smicy’ $SRT L AN AT WS AR
sz aws 9X@H IT; iles sy (trace clements)
ue!  WEE S3mmEieE  (geochemical) epfe @ W
oy (crystallisation) g3 amfspererg (differentiation)
Romeia wiace ZE @1 stz Sofsers mifas smne
sifa wuie AW sriFCe Seiare mifas omeaiern e
-eeager ¥ orEew (Brian Mason, 1966, p. 132—140 wsi3)



AP WY
=TT ehelcTR <3S

LT *NUCIq [y 6 @ FAHA—GE W;E IFCR WY
AUF | WA S 3G T WA O SHIIRLIA FIE
(glass) #fgore zm: WX 39 E© I8 M WS AV LATF
yiqem e (crystal) 2wl e omal @G TR
A ©F  TAMIRA  antweiE 4@ fmaiweena a3l
faeerm orufice AW Ais | (@WA eNE  1EaT FACS
Boorfer *@ orq AN T, 1R 9w GBAeL e e spyiers
HIG= AIFCET (FEAA LT ZCT *NCA | FTHA [0ET NG, [T
oo fams  «3lo sryfe  ous @1- were  #ia @3
TR GTOTTA TINNH S WL QU I e g% A

AT ST ICE AT I WU FoTA GO T
o F T T TCAG TIANST (1 ATAEa 7T LeaT
TS M ST A€ I Qi TSI Il ST eq=o ) E
TH P0G OIA RS (AT HLATA ATAZT (FeH eIAT Z0E ATA |
yiaE Fam (53R TN 2ers »IFTE Te wn Woteam tert
gges zm (nucleation) g s amsasia e fa=r:
UUF | FEANR 413 aterE A @AHeLTA 1AW 45 T AN
ST A R A ¢ TFEPN G € A (EH AT
sfqaner 4T (/0 ZT AIA | (FEAPCAI ANY T AT ZF,
OT TYN W 4ICA VT TS AT ! WA IZ; S
Tafwrs z7at (AR T3 IFASTR 30T T FAF TAT STIFNNTA
» @7 (laboratory experiments) a1 @ rsteasEs (physical
chemistry) Tawa ewamsr e |

Ry HmAsia sfare Twiewas  (silicate melt) s
@eniae 3w 0T TH GIYT T IE ZCAR | QTN @ AI
frace Tafenat s s e 23 72 faured smsen 7ot
TN AT FAHA T |

W s Prrodw (Futectic system)
@ FOq oM A ATTE 1 ATY IYN SR WE T



Tfewss Prros 43

DR AR SITSICE J@ e (melting point) | o¥
MASE GR Z "MIAT T ST [T (IS  TeTR
TreF GIR | @IS TN oM Wew W ITER o
fafars aqar s w1 Tty v erfwne
IR TG *MNADY T HA8 I Z7 !

SR PIRG— e Aws  CaMgsi,0,— CaAlSi,0,) ¢

OFONT AT SMINMMA W16 oA wirern e
I FACC AT, TAZITRAS A TR, GIESIRG
(Diopside, CaMgSi,0,) ¢ Tt faw a7zt
(Anorthite, CaAlLSi,O.) | exerefc  *m3atsw omaar|
(Pyroxene group) «ak Teetafs amrterzn agem (Plagio-
clasc group) «fwer1 an,fs «fvw 3z omram T&A Gomm,
Q@ APWEA L 60 WA 23-a R A A ey ereerde

cssoi [’
180 L1QUID -

]

t -

ANORIWITL

e ]

l CIOPSIDE + ANORTHITE

DIOPSIDE 10 20 30 40 50 60 70 80 90 ANORTMITE
WT PERCENT

foz—23
CIFAAIT T —oqAF3 (BT (N.1. Bowrn, 19°5 WHAT'7 )

ARE € SEAsE 1391°C | fawg € siser QAATELGT FHEA
fafere ata T wEsE @ @FAHRT WIS TGHRA TINT
IN (A1 TS IN (A < TweT a7 Tafers amaenEvoa wifzae
wrE «ae =1 W @ CF zawr erw 1 srewan 10 s An
oA oew @EAE Zea 13757 wae 20%. enara zra 1350°)
et W GRRATES A T @ ARRS gy 15507,
foog o e 10% oidmempniv fafee o oW
wraws 773 1525t @3 207 ave e 7 1480°cwn
WTIA TS SN GTAATRG YA TINE IS INI BT WA
zzare DE a1 23 wfwe o am w2 ek E fawgs



44 TR Rt

fwome1 E o3l faom oo, e R # orvmes
1274°r wiRWornEe e aFwiss @f 7.2 ¥fAe « IR e
@ TF PSR o8 fwmge meed wE s 58%
wiReeeRe, 2% o a1 aw ¥ewsw o (Eutectic)
fam; 3o T X faor 1400°7s v 303 @ widwemnide
GRARHT @F T afere TR IR AT WIS
el e @ s 1350°7e widwemare sery (Saturated )
T W FAR 6 A | Y, TIRAPHIRIGT (FAA
ZETR T JF| A FMNYT A, TS WA (ACS AT @R
TR Y QTAAIRGA S S IR | ST @ M,
Ter? W wfarem wa ewic CE @am sed:
Ty 399 E Tawire tortend wrw oiRwermRted  Wen
W GRRYIRGE TS e qRFE—ernT 1274°ts o
YIFT 93 QSN (FAN T TR @ (IR Al et T
T IR

TRSPPIRG A IZ; AT 4F OF [FANAS TGTF FA
G G A PSR IR WwI o famge ortem el
Y GTRYRD, @ TRAPART GIAH (FANAE WA THT
THA TNl SAHFS (T0 A R TR JreI €T WAl
(intergrown crystals) et e M|

Rz o fawge o¥urmic ¢ a3 @ TS
o [FAS s I/ s & 53 AiNER e 3R Samw
@t e i T e P T R MY «f
7w RVWH_ 16+ 7° e binary eutectic system e
(QUHTE TIRWAAIRG @ GTRAIBHT I AT TSI A Bew
TR GR F FTHE NPT AT OHA T I 73
rete aEias T fow Swemsa—ad o’ “Twsa
e Fom TW1)

faforan-awats  (SiO,—NaAlS;,0,) ¢

Tfor-aaade W @I 2T Tow Trow (Ten-24) ;
2w ow T oronss gor 1062° w3t @] Tamgs 32% SiO:
@ 68% NaAlSiOgfafedar oqua: 1700° rgw 1480°
*r»s Taferer srerw cristobalite s reniye 7@ 1480° 1



ees Trow 45

T wrenny @ommcla fifenis  (tudymite)  spome
3@ (polymorphic inversion) | sprwa wromss  1480°-3
v ooven Tifen®s oreile see e et T

LiQuip

°C

14004

TRIOYMITE
ALBITE *
+

L

L

Temp

-

1000+ ALBITE <+ TRIDYMITE i

ALBITE © 20 30 40 50 60 70 80 90 SILICA

fom—24

fraforgt—gmat¥y (A7TE¥ 1 ( N. L. Bowen, 1916 ; J. F. Schairer
and N. L. Bowen, 1856 ®5A(Y )

iae—waRs e HY @3 s gw g
ORI, € FETT 9F W FGHF_TF FFE-eT ST
wiar (intergrowth) foom weo eaiie T w3 & ™
o (oAt z3 We A Aiws Grane  (graphic inter-
growth) |  «% 79w aeq @3 o™ ARG, ey TaaEe
AT I ; TAR =R Z00% A (granophyre) + (Toa—5)
AT @I MEATEHE MW AR ; ARG T WA
(P AE] SIS PG F-AF @0l A (AL I (PTRE
RELGTEA TFBEia 9 9 ST U | AEFTCF W
WAE I 9% I AT 7T AW SIF e TH ARCFT-LA -
smhir;: (micropegmatite) |

e ¢ *mm wewemRa Sune 100000 o3
Rz fir wmwe @ At @wa H% SIO: @ 56%
KAISi,O4 1

TS ois-ax Ao Lo fow

93T fyaraens semamE swen 1w «2fe AweroenR &1
2w (FEH 7 YWY € T W O (Fe e et
W, A AWAF THARKAT GONI NS TR *ryieT
Rawaoes omise (incongruent melting) zon g1



46 RGNS A

rrzaa : (1) som  cweeng KAISLO, 1150 feaks
afors zoer feean%e  (Leucite=KAISi,O,) @3t wm@ siten
ey 9Fv S8 oy oA T (2) @RS
(Enstatite=MgS10,) 1157 feate afae gan sawoss
(Forsterite, Mg,Si0,) g3 fAfaeT s omor o geat ==

uso{ T ]

1800
LIQuID

! \
i
/ TWO imMmISCIBLEY

@ F L 1auIns \
- ! A3
(3
> 1700 ' 1693
[e]
>~ Cristobaiite
o +
& Ligwd
1600
@ Forsterite
[ +
Liqud R
_J-Protoenst + Liquid
Forsterite N
+ E
Protoenstgtite | Protoenst + Cristobalite
wanl e b . %
20 Pr 40 60 wo %
Mgz sio‘ weight % Si02 s‘o,"

fo@—25
fufaFi—waqBa1B MApeda
( N.L. Bowen, 1915 ; J. k. Schairer, 1954 W¥#A{72 )

GG O™ (FI_21R € GTHABIGIZGS TeTe ZEHT YINT L7Fa-
TG TG Fe T

Trfo—sr e (S5i0:—Mg,SiO,) Foreew @

« Tom MgSiO; sifzfeca @esmiw SiO, war
Mg,SiO, a7 o sAPew (T55—25) 1 Si0,—Mg,SiO, «g
o wfwe MgSiO, (were Mg, SiO, =70 wt%+
$i0,=30 wt%) sea T fafas wals b €7 &', oo e
@ aT@ SET FAH AN FAHWARG [FIAS TR | I
FAACARG 3o vwg (field of crystalliztion) eigzfaw



Ties Toooss 47

(MgSiO,) nw e wivtne oo Vo oW (T oRRN
Al @FES @ A STADBAS FOE T
T AT e TR o Fan fereTe WA ZTS AR
e @ AE; s PR @y v swss R famire oorter @
Tewge 1557° wiomss @ wen @3Ts fafesr (reaction)
A @ Tfemm & ombewniRs ~ww  endafew
(MgSiO,) ezt @1 (ANBIASHHRG Bs6 SieMss FaNTHS
W @R alb AR 9RBRIT s sfewmaw Al
TITeE @ AR AR GTHHIEG sfaetes o)

TEAOAIEE fafas (eNhlawBTETED (r1afua)
(«f3w) ( st&e ) ( #fow )

OZGA] FAALWALG @ (ATBIAAGHIRGA Ty Tafaan smeras
(reaction relation) sy 37 791 Tatem fas7, R = Peritectic
reaction point &y zH |

M AT W AU Ao IW ous, (@ww MgSio, -z
I W [T6a 25 ] em weg iy 431 3031) o8 s, 1
TR FAHAIGARG @ LAMGIAPBHIRG dedt T3 | 9T 1%,
e v (1) @anine zo1; a8 79 mes afw R a7 wrse
Fx TAfere  amm oA TAHGARG @3 Feramt ww
(phase) fzo wetw menisre z3 Tovg mes; R famgs
vriecs Tfem (react) zm fames =z W% e ramor-
OTFBHBIRG (FEAAS TH|  Toeod s, TATersT e endataw=a
¥ (E) @amm swre 3031

\ﬂim mm’ﬂ‘f (1) Mg,.,SI.OJ e MgSiO;
97 TREY or6; 33 R fam; a1 o anw 2ortem o w@
F FAHGARG FAA I I (o Z0H A S O R
WGy e Taad FAS  OMI A TYH @R TG, (W0d
snEafam eoifae 27 @ E<e torite Mfeen e onafam
iwe z81 9f o @R1 TN 7 ey W ¥



48 TR oA

oy »ed dodt Face et (2) MgSiO, e R g7 ey
e ey FConTo T oARIA A IXA WiATed @36
wepat (e TN FAS TW, o3RO o (F fafeen
WES WA G FOPOLIA HigT A WieTew oned AT
sy (Dunite) ot zre *ma1 93U MR TN IR @
a® e e Tfene wfewery fest1 «® 799 @A
waferes sos TAferra wrfame o Ty »mx @ E famrgs
Toiforata t3ems wiwre Cristobalite et ot 21 |

Soary (1) e (2) rowew ronine toe e org, fafvemy
RA AEAR & AT WA QI AW I TR TR
famcs (equilibrium) fe& F1--9s1 @} 7¥W @APH 3
FRIFAA 1 oo e (fractional crystallization) zery
W «f 7w EEmWE sEerd s T e dlataam
(disequilibrium) rzeRAe IAT TN

wrpies (Isomorphism) :

sy Sfaten w2 «w o (end member) e
fica de3t. aen saAwGARwa Mg.SiO, ¢ smenawsy Fe:Si0O,
FPTe ST SREHWIE™. {WHwpR (isomorphous mixture)
Tefie  @® AiTT N 167 SAWMTAR @ (ANE AN omed e
5TA (7 (FATH {OAT TT OF TR R BN AIL 9T 3N |

afaferm Tomie @2 IenTed fAPTwE F@m oz
BAAIHARMG T FIEAR0 FaP-ae 31 fere o @
FToaHaq (crystalline solution, or mixed crystals, or solid
solution) . @z w7 eRCIE FINT Tfyd  SreeEerT !
T FITON SMTAT @R o ATIT 6T 9% ©AeT W Al
TENE | OFE BT TSR FAPIOE WHTe @ Wk Sermm
sy (homogeneous) ez fufere awr1  wiaferwa v
Mg+t g7 = ez amiws susnas Fett @ wme
TAAME INE A IR aA  oEiEe @R

gurgcs 0664 g 0747 zemw €@ IERTE
W ova terEa b (HH) zemm AWR! e eI
e 5w Tafem zole I aifee ot e maifers

1A = Aopgstrom = 10-1° Metre



Torfowas fomroow . ad
"MRYT s TS cmw! Catt, (009A) g7 wmm
Nat, (0-97A) o 03%5 o7 ot gemm wm SitHH,
(C-42,A) @z wmem AN+ (0-51A) om mrw @R

TR FA B A AR T TN @ (FACT-HI T T |

U FE AT PO ;¢ (QvRiS—aTaaiEe)
4ifs @RS 1118° C vt wmwends 1553° Cg monins
7w (Tor—26) | @¥ 7R > q o *sreaa 50 wivr 37 Tafers

LIQu!D 1583
= 4

(]
p +
2 1300t
d
[+ 4
w 1200} -
a PLAGIOCLASE
= ms
w00 o
.—
“;f 1000} E
1

R WY S 4 | U - 2 P
. 20 30 40 %0 e M
; ALBITE ANORTHITE
« MOAISI30q WEIGHT PERCENT ANORTHITE CoALSI>0q

fox—26
QIR B—aTT NS PB4

{N.L Bowen, 1918 ; J. F. Schairer, 1860 W¥{¥ )

qe 9% N 936 M v ST UTF AT IAT TV
1450° 7o ooTw (FUHN WA® TR | AN PO OMR
@ B @1 7w wwie Ab,, Ang, 1 e Sror W ¢ wR-
fofaamr  Sowm 9@ GUG. € FEATMLIAE  IeTTe
IR wesd S ACG ym e 3o BDH gam
7% *fmfe® g1 ACC prs liquidus g¢ BDH mmcs
solidus o zm1 1400°ce waor smie’ oy C v wo
B @ @A D @3 7% SommAn 1285° o reremcin

oy, a4



50 G 2RI

Ab,, Any, B TS =1 W o] C fewrs TR
2T AA | I S5 ST [FATAS *eNoTelF* TU SIoNe
FAR O TG WA RPRATEN AR A1 9T AR
€ TSI MNYF WY WiiAF FMIAT GET IMH M T
m:mtmmﬁmwa%mﬂmemm
Torr 79w TR oy R TAfemw SR |

I el @AM WA 6T FeeTTeeicRd
RS T T T AT T ATRTe T Z0S
A A ST WO FONIHS TANLIAT I, T ST
e ST GIVT AGR (FENTHS WO GLS AMA | @R
. oPeRais toata T miesa e $pRfatemy e feg
o fouorag SiG BIo 0T AETH T ZHA MHCI A
PSR T G FCANTEAS (qF AR, FYTe
QT QTR T Y A | @ FFW SN I T
toat 27 one e, e (Zoned crystal) a1 @fewa
oW a1 G famge tortemm sme oy, aadids wry
GG (0 NI 3% O (60T 16, SIOMTE Qe 20O
I TOHY GF, YR TOBT QISR [FAPH  5aAd |
W8 7 @APS Stery @ (fractional lrysta-
llization) zey zH)

gr ol arae ofaice’ PR @I T,
oTy; 9T SfeF Y T e W2 crufere Fawena
PIFAAEA (FAPW A GAAIRG € GTAARGT @ IS
TSR TG, (U TR AiTG wean3s renisre 30w R

Atemg AbgAng, ItonTerma  (FAE  FioA
TR R FAA AL AT T, T 1285° v aw @
S AMRYT FeTe Zq AbgAn,, w3 o g 1450°
TS| YA DT OIS A AN . OYF SHA IS
g AbAng | TR FAG-EIMGCIOT sER ofem T
oW ofeme Torle! O WRWerR TNE FAFNwEs
wiese rem

REPTHIR.E 9R O30 AW IR PN e
g (Forsterite, Mg, SiO,) ox wmonds (Fayalite,
FeSiO,) oz st @ B WLA N0 WO FO HI0R
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(Complete solid solution) g wimfen «ive toat z3
o P st B et W wTMLS O%

T s efeer B (v teEm), @3t WS
= oaes fahoed o @ow A

Swemat foreew (V'ernary System)

JZ, TAMEF WA (S SETSRI AR I/ AW

Teq Gommie TATOS ©I@ ~MI (A I 2T
FCA YT N

o . -

) 80 70 60 S0 0 - 30 20, 0
Percentage of B

foae—27

Ternary for@ A, B a2t C—fEa ortwtcay 1371 #faxte farhs sar
oA%fE1 (A4+B+C=100% )

fox Sonwi Taferss sowem sreeniorm Fvmem S o ls
frow @7% mraw T @3 Toerem A, B @ C @ fox
aTewges foa Somies wowm 100 e frsr s
a3 whierg feats g @ Sonem waer S
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A ¥ wA0w WReY W & By 0% wew
100% oreta ta= o oraw zawe (Too—27) 1

a3 fom Srmm oo spm o oy favg
ABC fregen 8@ w3 @' o GRS (dimension)
WMYCS @ @O o (e liquidus-g3)
e ABC fregem Oom «3fs 85y, oo teat saca
(Tor 28) 1 Torgleea %A%, omce Fvwew swernn ABC
foeem Bom Contour line fiew iy Tw, o9 3301 AW

fom—28

A; B a® C—fax Borinane asf wimf Srvardh §¥dybw o
COMATAT Stertg YN GIRFANCT (T ALK |

B QAT NN, NG, T (AR &7 AT S
IR AEA QTF |

foatd At W By s ¢

foq Trmvw fafwd @el oremt Pmwn ABC fawger
oy Tl w8 opwEY e A—B, B—C, C—-A a3

Wit 8 Svmw Tafess 3Woie o ey Drow!
A o B son oy RVUT 0T WM O Mo TON SAM
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C qrn & RBweforen wrones aw 31 C ezt srfwmme
YRR @ T TS ING ARIA, T 9 e Ei—E
wam (VR 29)1 A ¢ C a} 7% SwmTw WO _SE
Reoeior B, om s et e B o Ea—E
MWWW|BGCQ§WW
@ E; ax A Srwm cmn wan E—F i o ofee|
TA!

foa—29
awf dtaatd YB3y ® BT | Diopside—Anorthite—Forsterite
System-a¥ 77X TN |

E,—E % mum A @3t B o w2 *MYE 03 Mo [FIAS
@ au® are Cotectic line 3@ ; g Mo st M
ot 3 Cos A @ @ Bz free o Somam i
w1 oBmew ExE, A gt Ca3 w7 @ E—E B ant
C gz o wwes mgm E of Peigonm  SremEl
oo, ot Twge oS AW I

B_E,—EE, a% S0 (3 MR B AT «Rn
s B raone g1 oile AT T omaE S



54 wgiae ereatam

Twros  Tam, B alxTewa favmts e simfee ze
e 9t o E;—E s E-E missls mwm s
fufae 73, E—E @muisiis aues »rr a3 ety sme
C oo 70o q W B-a3 Ao g3t o3 ommd Som Eqx
7o oz E-g e aq1  E4o tortewia owen woew o
>’ TE A [IANHS TS ARG INF F199 E «of Prrem
ot RBHE_BF w3t 9B Tawge A B ¢ C o for mmr
FEAS TR |

a% 9 PR ReEY 79 W @ 9IIR T AT,
A AL S O EFS eiHe te A | qtw few
B PR TN AF S TR FNH O (I 2@ I
e | o Fenie rwe faw I o U Seriae
T HPs W O BE JAG NI BAMGAT (e
sfaqeq 2tz ant
. e @ RaRt oW muw zeme w1 Diopside—
wdnorthite—Forsteritc ~ System-g7 w51 forg erge s
By—E 9% ot GRS R —a ARSI eARG e
@3Te e Spinel (MgO, ALO, SiO,) rwn wafsee, @b
BIS YA T

@2 smE A, B @ C aumae oiwemile—sa s maRs—
GRNIGT TS| GGG NS FEEILATEA,
FTHABALMT TS TS ¢ QAIARGT TS IO THAH-HO vy
oMo TeIFA TIET IS, AN 24 WA | 93 (QTF FoT
I @, IPCHA @2 A TRl Somvmaw sty E¥roE- o
WO MR | O FTIT Ao AW W A
" =% |

| RTINS —anals Prorew ¢
m’m (Cah"gshon)‘*ﬂm (CaAIQSl),Oa)-
9?8 (NaAlSi,O,) ¢z Srmmat frew 1 eiare (Tsm 30)
...mmmmmmwmmmm
eI TACE O] FTIK |

. amfwmm{emmmwmmm
Tie wore qnF1  ERTRY € TINIRWE R R0
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Toren o 1274° crr ab-omt IwST SN GRE-
MG € GG W T wonrex 1085° fors wwe
MF ! @ ORI T BT Te ey |

DIOPSIDE
CaMg Sig0g

aLBITE ANORTHITE
NOA1Siz0p CaAi; S1p0

fs@—30

GIRAAIFT—amargE—a7a¢t3B BT 1 ( N. L. Bowen, 1915

awRAtI )

FTIE Wi SRre  AbgAng 85% «3g Diopside
15% azzw Svmmm Tafosd @3l sfae fnwa (31 foum
Borww D Tawrg ww) Swmma Ao em ze 1 @R ariee
ey cetw S1wr e s erwes 1375° fontrs Aby, Ang,
AtEn @A T RISt Afwem T
aATHEE AN (FEANHS SAATGFA GRS AN AR
CloTeT FWCE YR M M @R mEEeLia afae e
smrea Ao TalFEra Fee o FCeNeT ARISH I
1300° wromess 7@ B Somww P famg we e ow
Wesr (@ T EA arE o S Aby Ang 1 e
o e 1216° fofrs e smm M famz ww Srww



56 e zmediam

R @ o ¥ Tow, eBSteRr  oEmr TRt
INET B TG WA @F 2N TRARTG AR AR
TR O W IR Wﬂmﬁﬁ fafema @@
S famrz ww Ab,, An,. %731 TS Tme TN waE o Lol

A piorsine

"~
'y
ALBITE g 2
f .
H i
2 ]
—
= 1
g ' !
3 | t
b ] !
i : 1
’ % (14 o )
ab ANORTHITE % an
fog—31

CIRWAAIRE—anIB—anTNED (ABET (FAAT S )

(NL. Bowen, 1915, 1928, E. Wahlstrom, 1936 WEAITT)
o € TisE TR fae I-eRY ISR So e
QMRRG T BT AR, 9 TR WF ST €
TIRWPHIRG GIACHT (AT Z0o YR | 1200° Sromes o7
@ o TRoE @ TR R fwew o aEge
wz@ e Srmwe H fanrg oo aimd o s et
F Tz 7w AbgAng, Serrm Tahos gt
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M I EIE X S MY FIONAS AW I O
SMmF 8 MR *faRed e o aifevy o DPM
@ 9 BYE OF Iwe e, (e P)re sz smmww
ALY ITAATGA IR (FATCAT T ST AT IO
PL a1 Twean frias zia PM e wre w11 o P 8o
oo w3er smes *aRe @ o gra PM 3e o s
D wz P srrvs maniae saster s e edt o Amies
S 2@ D fawg w1 P fawirs amfae Ssrvm T
w3 »me’ H famge s reniore 2@ &1, © 2 tewe s
ey Tabers favrge za!

Drs enafas steenienms fafems @@ ors; apraa &
Prs tortema s afr e wEmecia et S3@ oMt taw
TS TH OLA O1F I (A SFel "MNYT 21738«
PL mym 23— 73w srufers FRaam@ (o o8 | oA
TIRPAIRG-GTIRG-9FRIRG A0 e (3 X0
(1) 2w *eorhalFs1 (FAN WCAFBT Ao, ST 27T GENA |
(2) srv@m TIRWPETIZT @ TSI (INGI6F (A
HYRATS: (q TS (FAAN T SRBE JAHF A5, SIS
1w 52731 (3) o @ o we1e SRS TS aERTEe
TS Y TR

o oo 1w fRiafaam 79 @1 @@ fom I
gy s @G EMAteEH WerNiTe TW, IR @i
@B T GTRAYTRS FAFY *FarterFH ATWS 2!

TIETIIZG UG TRIPAS (FNG W, (qLF e 1A
TRYAARG (AT o] T ©IF TAHRG A TIRG oA
waiwe YW W ~faew 73 A

a2 Tt stenfer umaeTe: ARG, AR (3
IWIMR | GFT @ T AT APSA [FAT A 273
FATS ~iF 1 @F W A AT SAATETIA Al BRI -
ARG RIS (FNTHS 0 O TAT I3, TR 2w ITANTG-
M TEINRGA (W QA eI (R IS
Ten o Som 1 sReE THewiae a1 gem mwe u vk «iaw
@R S ANH G PG TR



58 iR zmoqiam
faf#ur srafs (The Reaction Principle)

onn @ AR SmesAr T TONE O AT AV
[ MCFT W R T iem W wwrre fate
R WY FWF I Z¥ continuous reaction relation,
famer wrar @ A ceateEn Tfaw, wfafen e
OR  CRITRC—0EIRS (on¥zfEw) Tifrw  wmwe
@3B e 781 W% @ 93 W TeREE 9Tt Tfaea,
AW G- EHT A T TE @I Sowe,  tEEw
TIEULE @ IAENe @ FAMTS T 7o oW A |

GRNTCF  BAADARNGT A (v [Aigmm wm
(TATBT) QEHHIRG 00T TH, TN GRFIW TARLE 9l
w3 e Tafem F*x reaction pair ge7 g1 N.L.Bowen
(1922) wem wriwrares 3 G279 7 @7 @ fom @
SLETiyE YT T 741 (A0S A : @ »@v1a @ wTxemrier

Reaction Series

Olivines Calcic plagioclase

/

N
Mg pyroxenes calci—alkalic plagioclase

( Spinels )

\
Mg Ca pyroxenes
N alkali—calcic plagioclase
amphiboles )
bi\oﬁm alkalic plagioclase
AN /
Potash felspar
muscovite
quartz

srae 93l discontinuous reaction series PeAt TH, m
W o el @ TeneieTam fewmm Tt
9% @3T8 1TNE @ TRt IEH WY AR T 9F @IS
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ot fagsmm Tafae toat sare *ma—mm wffew
€ GTOHIET WM GBI WRE CIRSSIRGT Y
AT e Tfaw toxt svcs Mz, I wos
wfafegv swer Tafemr s zomw «=ra1  Diopside—
Forsterite—Silica T woor N. L. Bowen g% tafwrsdy erqer
e | Taezam TAfacern 8o Taen «fwemrfer @ s
AT NG (AT T TINSE YT W TS T
gy Siafeq 43 0 sfama ouF, srEe o1 WBTRGa
Lo (IAHG T TPF"Y O (AP Q-AOBIRGA (IETHAT
TR [T T TR Tong «f Aiedy BB Toe e
¥ AiFoeie W MYl IWT |

YEa Wy continuous reaction relation oA afw
o Tifgam SR 90 SXE WA TN e
BIATWEE o3 (FENTHC TR AP (od1 T, JYIe zoning
YT T 13 F@w discontinuous type gz fafFar seer’
Qe I aiwe JtAaew sifafwzs  reaction nim o3y
corona WeER WA WA 0 [FEANHS SN Aids W4l
| @7 UF (@R 0 (A Sieied, H3aTew, aafeE aa
wEF @36 Tonsisineam Wfaw teat a1 W oo,
afeafema st fefem aa w%afes teat =, oo
XAt Feest fgw wra v fem teat Ia «wae owe;
anteanas sz g arg IwAeERe LAt wa )

N. L. Bowen g reaction scries g 3+gaa 9w A
R (AT TSb CIMNST AFE A AFTHE GiaTSH & UNWE
FIATHE ST 1GIFHA, (AN AZGTSATZG, (FAITHS 0T A | I
CIMeE TS AqIA @ w3 TATwEE Wy AwTE A we
IWE AMT | SRWH O mARomd @ w3 ifaw Tafas
=71 9z Tfacea acawss K(MgFe) AlSiO, (OH),, @ &
Toatacera *omer wemena KAISLO, sy amemar roesisna
A Teua WA & w2 Tfaed v 9T I oIm @
o faferes z@m gz Tifze et sz om «fqeria’
TR FYTS; PO (TAAN € AW G FAINCE (ITAHBTES
@ QTR CHARF (FATHS TCHA *[F) T GRS, (uTF
Feniwe o !



60 un i ereatanm

G% 20T WA AY I { WINE SHWE € SIS
AT T 2wt @ T} Mifmem Al e ories
e FiAe 0o M3, @ GRS ARERETES,
GAfFRE—aTe T, IEHIR—Tawsneeyn Toniw, 9k FR
S ARG, CIAAES, ML Fonfw snew foAt Tre omA
WX G FWAZ 3oy iae, wer7e Bowen wz fagwaw
fofaerm soo »w

faeFw Tfacer @l TRom oa v @ @3 T@
936 SR IR (X Aiiahl TR T AVeRAl AT,
s faeewm @t T ST o] ot TR zow T
aery w fWarEe e toat 27 s sw fagsam THiarem
romera fae 1

Ty Taedam 3w 2@ wzee RENRS AREeLiER sem
Tafme o e (e wee F@ e e crs faroe

Si0,
Cristobaiite
1470,

Tridymite
- - 1100 __

990

N

1150
\

NaAl 51309&._._ : " - e KAISI;08

1281
/ 1615
Carneqieite~. Nk fvephelires

[ S —_— e et we———. e e e -
T3 A1 5104 1404 1568 KAl Si0a

fem—32
SipngAlllO. - KAISiO, System ( N, L, Bowen, 1887,
Y@¥ J. FYSchairer, 1050 WEACT') | @¥ FATBIAT BoAraT, Wemt Si0y—
NaAlSi 0 ~KAISi;0,. &IAIXB . ofecar . Beoufy  a~=cs. fapuw.
aratwdy | B 5188 ((31a¥'W) ¢ Na—K Pelspar-a% FTOT7 (FIBY-
B¥ ady e Affan Sty Afaresd A wF 1 aRv e
witw At Rw eierafn a¥ AT 3 Sormwtaw |

S A YR SIHA (TN [T ST (A0F TN S
PTG TTS A ; 97 FA FIAA (FEAH 7767 W |

N. L. Bowen g3t oty sgaa¥wa (J. F. Schairer ¢ O. F.
Tuttle) W1 MIATH WA AT 0E @ QO Y-LHA
THRG G ST AT OCH HWTINS: (4 HI TWRG  oATF
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TRIGTA FMF GODT (IR J0A A T W A,
B, AT o TAferT Y T e R o ST T
7= oM w1 AT TR | FRCTE SRS @ GRS, I
s @] 5@ Bem e Bowen (1937) om am fwwwoe
“Petrogeny’s Residua System” | @7 Bemm 32 a=qr wi¥cs
oraw Si0,—KAISiO,—NaAlSiO, «% faegea @ime o3l
weoe T 31 T 1 AT W AR’ O o e
e (FeNTe INeHLie ¥ (FHe AT NN TH NS
ST SRS BT AT [FAPTAT 9 IIWL 0 *fiaefs T o
ARG, ARG, IPTAN AAIRG o AR fag Somw=
0% Toe e o »0% 1| @7 taeE Bowen (1937) mrfecmes &
@ foq Tt MR WIWME  FROAE FAPE R WE
TG aes; oTE (IS T {SAT T



g2 = (BHEST | TAE SO
( Texture and Structure )

MYAT Y (FEANHC T 6 I HIFw O AEH A
ST 3o T8 2w A1 wEs (Texture) | wega'reemcann A
WBHG'A AW ©F BAl T T NE 7,2 A SO
AT TGHGICAL ATRCIS 7T [9E TIHA AHT=2AT FHoF T Fel
zx TREFEeA (Microstructure) | (39 @ SFOE ANAIR
Y A LATHG]. IR QAR WY (AT AYD LeAT TR
FNRPR (75 R AR I I FIOA T ANTIR),
. COIe @ IATIE SAF ©AT FA I

WG A IS TES (A GIAT6 o) FWWT FAT WAFTA
(1) ez s Sieie Fo6T (e geace (Crystallinity) |
(2) wems wor, wmr e aenias  (Granularity), (3)
EEARIIER  AFR @A (1) @FEAreCieE e WER
TP, A (AT @ FIOETO T FMNAT T 7o 1 9B Tox
e 5@ Tamefes e I 23 s e, (fabric)
e (TS MY @ [FANHS W, TR IH—aR R
MO WU LTS (A (IO Nal (I I T77 |

(F) T U FHAOI FANAS 7AF (oqt N3
e 77 zrengeorenzs (holocrystalline) omez1 () s 3i5
SIS T *MITY” {3AT *MeACE I 2 grenzrnenas (holohyaline)
Mg 9R () @ AT I I ¢ I FEiHe
WAy 0exY o I zm mero-crystalline g7 hypo-crystalline
e | T4 WCWH 2R TSN O A *ABTHE W0 T
CH WIS X TENPHEARA | SHINT ISR (IANAS
QT R AOTNEN W GRR ASNS  ZCEMTTHRIRA
TOWBTA VAT W ; ©IRTGT T3 1 O 419 ZOIe 31-UT XA
T @& holohyaline T¥sT™ oy T 1 IR T IR
A DA TEATEENIN 8 Toerm WiF rengoEnss
B TEWM A=Y |
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TR SG1 TEAW 7 ST I @%  (rate) e
JeRrs Aeger (viscosity) o% 7 Rf6R ewmer W
A fTiEe ¥ | @Y APESRE AT BT SIS T
Y w5 teat 2 | WS W 1w zE € I APHST ATHH
o Jedt ZTeAW WX TH|

MU 5 T OTC BE A AR FOOE TS
M T AW, G I ¥ Porenss  (enystallite) | o
wrfar 43 @t tm gemw eemigEy ages  (Polarized
light) T TS INTA IW A1 (@ A M (@ A
T eeeny o IW, ST FHENRGT (wF e IY TW aE
o W ey @wam o fara s m—eeiers zen
¥ WRFENLs (microlite) | @ ol I @ AWA TS T
0N @ AT WAEF FEACE ANALF TN

AT T ¥ I5 T OF RUWENI TR,
(super cooled) @ wewe fowemr, W3l wav aa =
TS MR | OF TG T, € RN, [FACR 7o @3 fwafre
yTere A AUIAT GF (I TOWA TWE KA
@I RMEI1F 2RTST AT |

*MRET TR JI15a Towa 47 et e A feat e,
1% FI5T RO T T W AF, I 37 devitrification ;
OTFT TSI T(A (HAATRI0F LHSR LSAT TW @ ~NeRfoE
oy 33 felsite

awefafé (granularity)

o AT e SewmeneE oAt 7@ oiria StowE
AIBCFTENEG (AF TFS (Y IS A6 2P I 206 *MA

TS ez 7w Gife Ny (FEACAT TN AT T, IIE
IA  FACATOONEA (phanerocrystalline) a1 mnATias
(phanaric) | e wEIer (5T 71 7T LA @i iATeE
(aphanitic) giwpm Ien zH! R MBI WE @ 7@
SRR T N1 A0S A | @ wnnia 30 T fae
T TG TA 43 3G qi (very coarse), 30 fae fae zenw 5
e T s xeer 3G v (coarse), 5z 1 Twe T a3
oy zver wranty wen (medium) @ 1 Tz T rew vews Tt
7wy (fine) wrar Fatws omum wa A a0 =



64 sniae gredian

LTS W 2
oo Wi Sofrem Fom e i alse T e
28zgmr (cuhedral) ey (T5r—33) @R I 7w &or PO
@ GRAE A A ONF gy (anhedral)  ager:
FE TR ICIHE POA PALE GR AR o
mn YW T % WeNe @ ARxgrE  (subhedral) o

A B C

foea—33
wirdy ey «fiw ity fefen sty : (A) Ve, (B) Areregt™,
AR (C) anteg™ 1 f5x 85 X337 |

FAO™ T 08T TR TN I W A @A A A
TR RTZYA T {SAT (S A T (IR WA
PRI FANHS A A TGN ST ATSTIF TS
SATSTAT & IWT R, SR FCA FoA T 0oaT a1 TN
BFOGR WA (7 SR WI0E ORE AR 4R IW GR aF
T QY@ TR Lo 2T | (TG ARNAD 13339 S ACd
FEIL A T reW ¥R @ AN FAMEE AAW-
o teRt 7@ oMa 9 TW Aplewy (equidimensional)
@ FpeLieR MY, o e Spwr uf Tow frer o @
mwe T} e emen Iwene Im o I 7w AN
o A1 O tabulary wefer oeS, SR, @RI
oo, Reniy Tem teAt WA, (AR MBI, CEAIANA |
o foatmer o a3iee 7 @t Ty o o
HAIE IoN TW Teerivs (prismatic) | wsgiar 7w, oo e
AFER T Lo IR | [OAGE TRAE AT WAIR R,
T TR0l (0T T, R TS AW GR (P PR
Qi von o wiafae a1 $wserems (iregular) | quartz
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felsite 3y porphyry otz RWGTE WA WO W
(embayed) s @316 Swigzen

TP TOA SAPRTT WA T ¢

RO IR 'GI8 OIHA QAT AT, Wl-
WIAT AT O AR FoF° q1 *ead 00 5 e
S A FATGR T 7 I Fonty v enecww wniae
(fabric) fayifas zx1 @ @R 2P (FONCE THR FRE
(ouH AT W, IR OFL A0 MO (&6 N *Ted
T IG AR LT IS AN |

BWE I o2FR e omA ¢ (1) FPRuwEmm,
(equigranular), (2) ¥9&gRe<mw  (inequigranular), (3)
oREFve. (directive) @ (4) ORI (intcrgrowth)

fow 34

foat 34 A, Tawte gF 9T feiRfoenifoy adage atheiyn e
W 1fEA, oAU AteT | o o, Bfew 1 x 20

f65d 34 B. SAATIH I@F AT (FOMIAT 3G (IMA w1
TIPS 7T *Nea rafsfefs Frards . aBirsy iyt ¢ yiace
CORANLTN (giD (IS AT 1GAH B17a (4T3 N7 ATty Al farhu
I AUAT AT x 20.

f5q 34 C. faasma fax: foray (s2 wx wioferny stafirs
B wemafgEy frawam fix: solerr ¢ wiforms wo
fofanty s R wowre | winfow aat¥#s oftex 1 ey, xrewm
o4l ( S. Roychaudhuri, 1978 W {T¥ )| x 20.

o 2n—>



66 i eretam

fFass A. sitatfoenefos aea: TBregtnn ~iTafyua, artmatal
axforato (atr$fesidd) e uimersn wta & wirtwtaty { Ft=d-
AT ) oitew | T8 ety qEAR 1 x 20

eyt wiiq wiwty, fowfada +¥ifua ¢ aitaztd axforata
i e farewyw

fea 35 B. feoitfoenafos aua: Araggm «f@feq (irregular
fracture I& )9 aWBBIXB ( perfect cleavage I& ) WIAYE (1'47TI-
BIXB oYW | (IBHIGT, FRCIF, FIANG 1 (A, De, 1961 WFANT ) |
x 20

winfen wfasfis =iasta e ¥83 fomgg | awBIBED (50w @ FBN
fovge 1

fou 35C. ami exafos ava: eyt wPfeq narge vtas
“tex 1 ad Frafol, TFIR 1 (Ave Lallement, 1975 WgALT) 1 x 20

winfen Ftwsty ¢ TPR fbwTe | (FAAD Ftormege, whtcegn |






68 anglae epeaton

s,y (equigranular) thwwmrs

TR WML SR8 oM I SO T SR
1 T (equigranular) fafed ciwewr wor (Tow 34A) 1 @3
WX I TR GTRET T wenidenatess (allotriomorphic)
GG TN ; TR AT @OCAES T oS, ST,
e T wé'hv meey AT ARG AREEE, G
av ooy Teefvemiys (hypidiomorphic) 1 gem 37
wfFerier RBEEwr 2§ OW eI I RGN
(panidiomorphic) WUFRAE ; AWW TN IH IWCATSTA
smaca1 Tow 35A, B gx Cio mmy @ aw i oram
TR |

TRTR-ATY  [FIHe  oMeTd, AN "~ orthophyre-g,
orthoclase-qz t@zzgm WAL 9T @3 BweRee  ortho-
phyric et

womwrn fafwed (Inequigranular) cdwwws

AYER WA FZCHE SN LA (4T LA A
WITF SRET AR DHGT A TN 9ZFIT AeRA W
& (UCF A T FIN HITCOE WAl AF O a8 INTART
oz Tofacas (Seriate) | WX FRerS: T W, IIGER
FECEHA WIS AU S1H 93X O TR FIRET RS AR
Wi ¥ I qIF A Seies oqRes AR |

9% R R oW DWSER AnEess trar FHe—(1)
safgtaivs (Porphyritic) wiwsm e (2) ~migfafss (Poi-
kilitic) wsm pfefaiés dwowy 9 T FEAPILIME
o =% ooy (phenocryst) ; @R TRAIFOTIAR STANCA
IR T 7 W A ww (groundmass) Wy O WMECHT-
apw I we omam shy ma fefe-
gmias (vitrophyric) mwswm IA) W WBGE  FOU-
godriom (cryptocrystalline) 3y rperRiis T CRRFRITSS
(felsophyric) w1 CWAPOLT €T Ip LA wifer BRY
w41 o Grereriefaids (megaporphyritic) me ; W €I
mma«mmmmmﬁm
(microporphyritic) e zw (Tou 34B)) |

a¥ »fateieice (porphyritic) piwwswm v Fuars 3w Soricx
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toat O A FAPLAT AN (IWE (SIS 8 AAWINS
STRET WA @] 79 TS "MA| W% APV SIS
TSN TBTA TN Lot IS TH ; I %6 G @ 41
(T TEAW (I G I AT IO A SRR @
G @A AT AT AW SUER WSt we, e
THTY VR G MY O YRATIA0E HIGR oAt T
FR ASTF BT I T @ AwRA (volatile) Gemreria
ZT M @32 TOMATHTS 0T TR OIS 10T TETH e
TR A (FADT LoAT TH; QAT AR U1 X Five
o3t ZTe A | GBS T FEAAS (RPN, 0 03T
7wy i TS aeea fedt TH |

*RTgTatte wavE Taziae ¢ Trsafamer e AT @t
Ml A (@G IFHE AWIZG MG 9 I WAG
| FHe UHE QISR (PO SIER (HAP LeA1 T,
A LA TG LR (IG S ICAGIIG € SEATNEFH [T
P  UNE, GFIN WO QNS -Ceee RS 10w
Soed et s ey fee

sfatwies (Poikilitic) wesw

F T @EAPELA WAE Q5 FAPKS GRS T4
a1 cnclose w7a orgra cEiataAlss ©FeE WAL QFT
BEETE SIBI ACE O ©NA I AW T @R (I e
rae Tore; SITANICT *MIRTA ATRT WA | TRD G IGTRY 3T SR
TR S RTe AT (AT N A ONF SIS
@ T A IEA @wiA AR @warEERt (accessory)
yiqe T ToPs IN ATFT «NF |

smiataiss (Poikilitic) wwsmam Seorfa foema =@ @
T TR 3 AL @3 «fRrem Semne |-
mmm’rﬂm«mma«mmm
mmewmtm’tmmmmhﬁﬁw
(Poikilitic) giwsm teat TH! @ R T I IME S
RO SO WeurH SN S MRS A9S T
<mmmmwmmwmm
e A af BwsE CiReniEs e frmmid e s
Tm; o2 T Won o1 e TG Y I

o0



fom s6

5 36A. wePs a9w ; T HIfQaT v @NIAT F7YT (RIS (WD wiw-
19 €7 iw;s:m Schiller structure (S8 IACE | T NIYEHT @ @
eI q0e MNeETNT BBt t® (FAA Aoy wiaw witg €
<% ST WiEBF 29T N AR | SAFAMED S A21EP ortwz. D
*NW! (UMiT FTCIFT (¥ | ( A. P. Subramaniam, 1956 WRANCT ) |

fsxr 36 B. Maw{sla @da . AIMEBT CIMtAafmT 7ay [ Hivre-
G MY wiFRy Al wiefrs eny wivg Aty Arrafelbs g4
o FTATE | BiIva TrAAtRD Wiy 1197 (Apollo 11 Lunar Rock
100047 ) ¥

fsx 96 C. wafefafts dew: wiFERBT W @FERIFH WU
a7 YIS ( groundmass ) (gtd wratrwta® 3y (woria, aTtnsil
wrta e NBAfAE (WO ANT 1 AMEIRS  ida, famPy
wiirestoN, widfmat 1 (G. Joplin, 1968 wRAILY ) |

fow 36 D. nfsfofds atn: 3w Wi (fora anwatm  fowr )
o Ty upNerI (fwa TPH foF) awiow e Wrgm  winfer
comin.( fora atn ) apd wive (v w nfsfaly awm teN www
wfrfen AT ter | cwtENs” g e, fwgte | (L. R. Wager
& G. M. Brown, 1867 WM ) .

(38 A.B.C am D 73 ¥frs (xidl e fw 1 fa: firs e’ v
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wIps (oikocryst) deat ww, ay W TSGR T ATE
fefe 7@ a7 swergss (chadacryst) fzoma 1 SRS *mTR
AT IG RO TN OISR (WS (WS LI
smigiafos mavw doat aw (Ton 3)

wiefds (ophitic) whwww :

spisiaice BIE «Is fom T @ wielvs
(ophitic) iasm 1 @8 BASKA 3T JMIHA LADT TN WG

=l
//
ﬂ <)

fowr 87

f5a 37 A, V1AM geq: iNermAr Mt wizttar (IateAw
WAt $10F WD 2QF 5 13T @ aA¥F LN www ) wIA Hio
anas, fgmeatal, aqy ae |

fom 87 B, V17 a1goiT &9 ¢ HONCINAT AJIY WIHILAT (IAMNAT
VAT BIF BHF WD QT2 IS HA1 € W1 €7 WAl FIA QX
AW TSN WAL 1 (WIA Fior iAh, fgmenisl, qqy &

fom 57 C cvrfefls aes: aymsd) @FnpnaT wiany feg
FntRe® N FMAS arnedn nwAnF fu a3 cenfmbs tix
D 3E aBe A Wy GEAIA @AM e FndNT
W m 411, (FAIRS 147, M) fem AR (A De & D. P
Brattecharyys, 1971 wgafiy) (f5@87: x25)

e ceTeEeER AN W (9F «icE (75w 36A) af

DGR TEAMLL AT A T
@ G A CEAT ZCA ATeIFA T AMEDA T© TG

X I TS *AMartel@e 33w I’ e o,
o1% @3 CWRTE I T AR-Awivs (Sub-ophitic) (fem
36B) )
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Lnmwdm (Intersertal) ¢ Ry (Intergranular)
o :

[P, TR AN VSIFCT NI AT THCP AT K
oo 919 T oivR ol ohe T @ ar g fafes
TSI TPYE AT, GR RS FTATeA € WA THIRCSA
Lp™ 7% (granules) oI Ter U} TFEISY PN AT FA |
% WAHI A LORANAR | SAICFAL TeAS Y P
T, 35 T FeorEviTan yive Some, T v e wam
FRIED N ARCATOA AUF, TIH DGR AA RCRARGTE
(intersertal ) | (67 4 @3k 37)

witzwide; (Directive) tdwom :

e ATeH A AT SFAE FAPCA &N FIE BHER
tont 77 oA I TW CIREI_ VS, WIS NI N
FORNRG, TIECFTONZG, @I A (AP S seerie
TR G 2RANZA PR T AT SRR A 93]
@i @RS T 2R1E @1 (Stream line) sE@a FA |

TR Sl Lo FIRTR5,, QIT-GNRG, @ ARG
TR qUF | GF T ¥ GReive (trachytic) mpawmm (Teo
34B) 1 % 7w HGNT T4 I6 @ THELTAR AN QFACHA
qCF Gy WISKCE I TH TReniofaiss hyalopilitic
(I ITHG ARG TITIT A MEI AT LA, 1 (IS
GFTHE AAFSAEISNR (F VHINHE 2/ANZT 3 faee= 33

RN > - T e (Intergrowth) owwm @

FEDT € TOANIN LVWIHF, FAN A AT —
TFSASY T LEAT A 9 TN (FAR AMIIG =G
WOTSTR S0 e A eerete RFTITA GFZACH
extinction AW WRT I (T WY1 WO S e S GFna
efTmroam W1 Ty «farEn M FEHTER WeIS Y
wargie fmee wew (60° RTRE) I @ A e
e @t deat 3z anfes (graphic) hamm it st (Tom
6) % 7N TACTA NEHCITAE AT OT4 T30 ST I TN
mReTnTey {micrographic) e & *nwwF W T WEIEF-
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e v | epm [l T ‘Rl pRVEUL | bR (BN CLENRC ‘il T
Lo , %.&g EE-% Ez' PeITS) B € ki E'F—Eﬁ‘a; FRNTY o

C LT TNTIRS) VT I e e . ‘

L [Py STy YIS 2h agiEle) ) R
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: Salelin
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kT ey |
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trAiRe (micropegmatite) | xew AT TER M
TR Do S0 OT91 ST %R [DWDHRITS 00 XAV e,
(granophyric) + wr o TR T CRTATSCOR TS WS e
ier cafeeatie S aFateas oS e sou fwes
WF; R BT INARE SR AR Wie (e IS
T, TXR LIRS G CFTDAIET (A H707 I FIRATCA
TS T PR, oo (spherulitic) s oo e Sivesm
tea I3 »ma (Tom 37C) _
*nq‘RiSw ¥ (perthitic structure)

FHE e URae v¥HieSw  (exsolution) memm
T (ST XS AMA ST LT (AT N «anereat
TEA 9T 8 IMYTF Tiaiads [ e JAP0S
Tfers zo0 FaPmER (oAt IS AR vy e Srenew
I A SATFH *x; T >amme 9FRG Nafwse (35
B ST AL 2173, e Or Ab, 1 @8 37me S sifaaeen
UTSIAg GORILG W, (IR W CE  ~neIdesa
IR IF T A, 9 ATFmE 35 11 gwfadw= (exsohu-
tion) | @Y GFIRW TA@G CWG STESH W, LT I TH
e (lamella) | seraea oo oes *nea (To7 7) | a¥era
cxsolution intergrowth o2t 771 TR W *faRe| Foore
FToq S ¢ T Sroness teRt T sRmerie e
R W TR fafem ata u3 AT O sfme el
I NRETITR won Tiew ene3oy et e
(string) #*;fs (bead) @ 7w (rod) a7 wrwex (tooth) wrs s
UTE | (IR GHE TIW (I N TR0T SevfE zrs mA
Exsolution grgr sfesersm (replacement) g3t 3¥w5=ie
REAT TG 13TH LI~ 13057 Senla s A

fafswremrs (Reaction) wivasm s

WAT TR WOWE e wF @AiAs dfvem feram
Tt 7 o o1 N. L. Bowen e o ST Tewae= !
o e «fve of 7aw T2aTATTA T M (Ao Co1TH
TS A @I AYR LoAY e AMA | Wi TR AL A
@ oA T i Wive fept faed  gemm
T BCH TEW JIYTH (AT (WS A 4R TR 7o



74 T erfant

903 T oF 5 aF o ofwem «IeT wread deat
N O% M @ NI BT oKy Tow zemw  wiTorw
Ferma R @ oWl I ofwem  erd
Taazm= Tow toat gem wFeg @1 zonew o TH TAaIA
far; (reaction rim) (Tor—34C) | qymmm v fFaromem
w:t [Fedam T dent o onw SR W XA I
(Corona) |  ¥aw Ta ComoMPEIToE POIT WUAT  NATIT
LA (A CUEATET) AN {OAT WA WS OB
wineiR®e; avm (kelyphitic border) am vremr zwt

WeWE W 3NeEd (el (xenocryst) agE CoRE
OIHA SN [AQFAN TH! (AR [PG] AR TN ST N
FITIE B0 (TG TEAIF™S G T *MeA 1 anfveeos
@Ffe Tamr 1 =1

ORIGTG AT UH omenonte e oivemenio K
Fioa s e T« R Taewm T teat zwe
A O AW (W OAF T A AT veeam
TIaT9R QAT ~MUTN TP T2 AZR A |
- aPR P frerAnw ' @ AiNE WA AR 90
owa J- J. Sederholm zgepes Synantetic minerals.

Corona =i e FeNe  «fqer (o wiateraa
PRNTA TAOTA T TMATARAICR  @F A1 OF [T &R
(zone) ofys TS *MA!  STRCWE R A o et Tafem
iTw af 7w o 0oAt IACT WA @R RGeS dieer-
aifor oTETe ZCS AR SRl e w3, (fibrous) zrw

A



T gty

SO Q=L SIS Wit TN cHYCTY
1S faetst @ fa=ge

TS *MYCAT FAAT Y AT A THY I AR ey
TCT-2MEAT ¥ et o1 w21 3w s faow ammemEe
Tl 9 taat RO §F 9N red Ze

AT ARCIA A B CTR ANY (A e TRt
(extrusive) a1 e-orzom 47 Tawes 3T zome oomm @2
(T AT BT ATIACS AW (edT Je—adarial serarias
(volcanic) »me@1 @ *Ma AUF NI A WWAF, T
yrier Y A1 731 T o (@wiaioF), S @A I o
TS @ WO Hfled (oA FTER iR cnedaria sapiae,
a% vl e ' Swiawl, wite medn e wiwing enaca
eorvd Tzerafawrer (hypabyssal) zer g F Williams,
F. ]J. Tumer @ C. M. Gilbert (1955) % 53 2@ Irars+
@ Tzoafeme e ~ESiaE U e VRl ARiaw
ARTAT oA TG AT F AN, 9T 9 (ea 2neans
o WM QF 6 it o FA Bibw WM @f wAem
MY FATHIAOF AAT HAT A |

COSMIGTIRG AT GPERG GTS1H #nemd w1+ Taver ora,s-
o1 COMMIGIZ IY Al AME QPEED 5w qT %S
'S A ATE @A GAT SAJINE AMUF 1 ATLD, GO
AMATCICATNERG, (GINENRG *A5iaE YT OWa A AT |

omrag Wy fwe  (essential minerals) e PAferGyere’
yfe  (characteristic minerals) 5a7 oRATHN | AMRSS
FEE OICE oA @3 T 39 WE SnedE wZ SN I
FA 1 oo 10 o W PENE AIE S AR
IS e cneEerian W w3 T WenEieE Wt
T WA VCH CHEIIN ST WE ; @F AT anAsrEAt
RN @ T TelFA TRR IR SR IS e IR
e iR fod Caalee S T AT GNASTAY TR
—ECETE, SCYRPH Td ANATCR LT oM ;  *=ate-



76 i ias ereaRA

@ T (IS T4 *NCs Gies (sodic) =311 ayarsmet
TS ,PCS (9T ICHA ARG, " NSIFAR AN
AW I AAZOCF ARG € FA SANS AP G-
CIHIRG M S AR 2 LAPvyere’ ¥fwe e
ARG, ZTATIT, *MBATHA FoNW AT WFe HASF AHFA
AT I, LI JABIRG MRS, ZVTIT ARG ZoNiv |

PRGCE & Y 9P A ©F W0 AFNES AT
AT THOHATH @ CIARARG O 2Ny e (sodic)
ATTGIFA AT | GA T2 ST e Zor GI1L0 €
GRBATRG | @ e Intermediate group @z ~meR | FNEATHS
(calcic) ~asrterzEs UrRCE MCA AQF LS ANA I 2NE-
o @36 werenm sfag 1 n33fem =1« G2 RS
GTATARG WA GRiE  WTeE  ofeF | (FEARSNACS,
TARNITE A ia anaFe s (Alkalic) sremi  ao@
YT (FAOGT IIAG AT N1 AP AWNLG, CFUAETLH
a% Tel eedl  en¥AtE wenens ¥iwe e ljolite
oY ZTH1  FAPHCITAT JCETES e ian son foady,
Temer 26 O Rs @ CATAreRe Wg | @3ia et
e T 3T smeF

TR TS 1 ~nedsriere ¥iae s 33 fafems
TS A Ga eSS JiNE INABIRG (WF Aietes
NYFS YIS AT R (FATAF ATqG QNAFTEAT TFEAAN (0F
iglem v 0o AMA|  aMF I "NHRTeeqiF < |

s, (Basalt)

WIHS SCRTARCIT T MG, PR AT ACATGAT IAT
IR @ oed PeT uArT Senrtive FreT AR 9F
ST CR16 BHEIYT T LSAT I | IS, ST A9 ST
Y O TFOAPIA FAYETSs Qiier (60 (TR IH &1 (TeTe
@3 aphanitic) Ty THRARFD AICA FCE AT T | PR,
CSTATINT TCS SMA, OFF o Bor tws et wifer oo
TIPR S YT TWI @ TS SR SR AW
on e, e W, IS, TeremmiRs (zeolite)
R e o, v} mma‘hwmm (amyg-
-daloidal) Fyme: 1 L) ;
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- APG] oMo e w% ceprte—(1) cenformnds; ayewes;
(tholeiite)) ¢ (2) mererY wiwteq Fywo; (alkali-olivine-
basalt)

(1) vaforn®® apms;: oMl foowd e &= am
@ e Iprs;  Tileewe  wierrw  aemie
Taoerge tutE A, fzome (norm calculation) wager  renfer-
TRTGF, ILEG, T (FHGT S 7 AW | Q@ #CR IS
e (W SAI TR [T AT FEGE e anEaeE
CRET>0 T TH |

AR IO AP, (I AGABA *(16q TA | T4 @ »hpw
erren Deccan Traps % zow toiferm®s emeln amws:
SRS AN @IS 2rH 1/6 ©rar, w1e 2 v IvWEA SO
G3TTN JLVF PR 21T WG 27 200 75 &op wiiwencem
wrere W teat Fwe 1 (Toa--10) 1 sivpuaearn Itre o
@ Tezag »r i g Rajmahal ‘Trap zyews; wane sgom
cTfermss wrety amel 21z fvew srive 1 orferta wen oioaa
IS A, GAFINTAR Ty AL T TBA SCHIAIA

Columbia River basalt.

JPES, TR Tt TzoafenE onem zE wHAAEs
gl onieeE, SEBlama CERniaa <R ¢ WSIFhIre
ARSI RS TS BT I2o1 STeamEs eyt I, O13F ©
61 'omeq T | SRR (G, Uro1 WAIIT 3T, GAAILS
©r3F e & M T

tTermss e Wiateq s *MA | IPRG  RILWIAI
TF GIR WAPHION M| O (FHe (FHe UHE Fib
YRR WIAIA Fhs AT @32 {3 oHeg, (aad TIZ0e 4
ST ZIIR ST T Tow, e ateaE smem tachylite geat
I |

sEeTerE, TATSR € WNMRG, HHRTS: [HIAPH, LAY
FCA | AT FANLIA TG TF LS A | (FANCHT AT
TERALT GTRAYTES—IT R @3 AICAT (OA GFAmRs e I
oRICH ©F A caniwe (normal zoning) e atw ren=-
s S 43 Y SIT T WH-LEA aFATRG -
AR T TN, AT (O oAz, T sfmane W ek
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OF IZEE O WRE  GTAAERG, HE—aR AW A
(Oscillatory Zoning) e g | tarfemz e AmPsa wieied e
AMTECE TN HUT T AT | GTRSTGAT SOCoTRe;, SOAIRs X
wRglers  (accessory) «fqwm, @ wor It Afwies z@™
‘palagonite, g3t wfafex »farfee zrx iddingsite afaw toat
A | T Wrer IS e Tom 4 5, 37A @93t 37Bge iAW
a4

AR TR GINCS Cq SN TCFA ANF AN (¥ (Z6
€ SOTHA CAMIH ORI AT MSIA S (WAFCOA
AV QI I AUT | ATS-TACHI  *SA TSIFAA o1
e (lath) qmn e f@rs 200 MF @R oIE BiE
itz *MZATIRT 0T JINAA AL AR R I3 WAF
intergranular texture a1 3w @3 FerleEA anee e
oite site ol qtF o3 W8 awarz intersertal texture e
aret sifewter R Fwg *emerhel@ YT i Faredre O
WA A YA FT FFEEF A AW (PG (IS UHE
PTG FAR GG AR FIF FHF FALT € Quetdrert
AN oAF;  «a@eries acid residuum A T IR
N. L. Bowen-gz Reaction serics-q7 wemaitwa @2 siqwer =

TR |
(2) armemt—winifer oS, :

@2t IEBT W Widted, ~SateFA e n3AtEA
UitE @R @ AiNeeia s T e AT [=h
WHIA WRTCA OIS AR | (WARFHo, I (A1 (OE,E S
a1 Sfeten e *miatwE raiag qRR anEsTE T-Sie e
PG GIFT6 ADT1 9B eerA  GIRCTATINAGIES «ICE |
aEFE—aiaien AP FAE THE I AT AT @R
QARG A TR IS AMA | @R FIN ALY LTI
FoE YT AMEHAT TME |

AT TR T ATST GFT SR AT INE SCS AT
#oweey (magma chamber) S WO AT AXATHS
LN TN S THT LAY WCOMET (RN eI &N
wiofera a1 *nEATWAT LT MEE SV H9T Z0S
omew ) oRewR Toreads amwes; A efwmids (Picrite basalt
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or Oceanite) o3t zTs *wm awR won weer 20 e
@t wiafen ek 33 ouom W *ArieEH ATF | W WA
TR, FAPT AT GRATFCDT rFe @Y A, O
HTS T~ GFIARG (Ankaramite) o g3 1 oramrigs:
(Limburgite) @316 sinmizs, et ; «x 5o water e
TMEWT CHCATPD AT GR TS ACF MG I 0w~
{93 TS 7191, ARAY €7, F6 9} QARG | INATHE
FATSLFH T (IANHG AT T BT Sormmaa wo A=
T ARFTe MR | TR RS, *Rtelaits aww o

GTTAIZG, GFPRIRG, @ Tomans(125; *neux ziemenen
(TAG) TCIITCS ST TR |

AP - ATSN G, g%z G, (trachy
basalt) gz stesr Tooe ace *ca @3 GIIRG (trachyte) e
FiERey  (phonolite) sigesr wgherss o1 St
seaqr 10 SN AT AGTH AN (orthoclase,
sanidine) ey anorthoclase orars Mm@ @3t  wfatew,
TOMTEG. QIR IIEATAE ST TGLFH ANF | JNZG @A N
ST GIEwTEEEE (titanaugite) zm W EWe FHe
TR @IV, TEH FoA XAWEE, @ INALIRG AT A
SortEgs (Mugcarite) @3 o wnerad e enem AL
O T AYNS: ALF WAHCFH (TR @ HAAF S TAATTA
TG AT TH) 93 OIF LS S BTN (T (FN AT )
A GTRMFH (7 oAby, Any, Or,, @3 sw) ez
O e TR (F FaATSH 3 qUF | TR T, T
€7 YNF | @F WA ©FT (FFUFOIA  (GRTIG, oI TITH)
o W

wrwrass (Tephroite) «3fs faferer worerg e PIG;
YR MR, @7 THT SATSH R Ty *earteEA @ Wiwie
AT | 9% FIHY WA TieTeq AI}A NI
(basanite) onem Iom ZH!

w7 @ TR SARTiAe A AiEeiRs, (nepheli-
nite) Fow TH, FW ©1F AUY CPAIAT GTIANA AT AWTF SN[
wrowar 10 rom 3w A | @ *ME AT, TRErmEies
s SrATEe Ty SRS WA omeEmivenrsty  «fwe
(sodalite, nosean or hauyan) eF i1 foSTwRS; (Leucitite)
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O W W SNINAT NS TR AW (s e
(I, TN o ; @ e iy (melilite)
GaT AT MG (melanite gamet) oqRTe oM

weraid® (Dolerite) s

afe IPES; wemmy oAt W TrerafeuE mem @3
IR BMe PSR SR e (72 40) 1 @3 2w
qier SO METORIZG,, WRG, € AT @q, @R
G¥F  ATBIOF, A AI- Tl @3 omerd AfSeeiE,
e R JfNeeriem Te1  TEARG Aiated  oie
Hiaten ©EAs aR  TRAATNE AR R TR
TEAAIRS O RPN TG (E (It AR
afor wels [@ e oEERw Teriemenzs
(pigeonite) ore ema:  Terfomes wnetmm (Ca)
Fx oz o @R TEAHA-Tors o tww Swe W Ca
qUT | IAF  CCERIRG. AT FEIN IO WIS T SR
(interstitial spaces) (FEL G @ GHAIET (FAH AT ATE
RIS AR, NEFAFT R LA WA

ISR TSR GEARG, AGAGA HAT T AT RIS
O% AT FOAIET TIAME THIYT TRIX AR | RECTH
Sazeiesm The Great Whin Sill, sirsfaemn 98853 smar-
ez Palisade Sill,  sysifamg Sommiaan eowesrgr Mount
Wellington Sill rze fa4ime | SIRCIET (SIS AT
NsA GTAAZGA AT, GRS @ 97 Mg | I FCg 2 MEEH
YA, FYATGACE G TAAHH  ANAT AR AT ATSHAT
AZTG P 98 I OMTAT AT TIZF @ THA M|
meed @ IfaEa FRENITR PR T AT FSAT
O% YA WEARG, TIRF, WA G (IGO0 !

wERRs,  Twew W, faem I w@erie @t R,
peLiare MM TR R oS A [ NN
smiscre: T w3l wfafes =z omwe a0 wvg 25 om0
ofafen ore: @7 WML WORT (I SN A9
TTITLR OTA WA SOHOS AT9S TR | QIAT H
mMTe T T @ e W T W 23 AT SIS
wm e 1 epy Sfeterm v Teot1 @ e aow foos
Srer w@t cmTEE e T TOR IrTT T w3l
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TH OLR! @GR 399 M AT WA @ I W AW
T et o wewE @ Teratees o A,
¥ 3N GRS, P o} wweom TRt feeg o
A G TR W ANHHHE ARCS FH AW WY

Voariation of main mineral constituents
in Pgalisade Sill, N.Y.
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fafox SHSTA ANPAT_GMIES e «faweform atem fiatids
faguae | WAFSTAA NIA (FIAOMS EOTLA 717 ATOIMIT ALY) SoLA Afes
e wterET e HTafAR qTeaw Aw feat AmEw . (F.
Walker, 1940 , Hynpdman, 1967 WA ) |

=1. 216



82 YT SATv

REGW, PP AP,  CNSF  ~MTerF, -
@T @l ALY, GNR @y TN oe; 9
seost Fen orfaae SR TE-Tated ommEe 63 w3 «tor-
o136 AN |

sitece; THew sivergiog cem sfmwem faoemy oo
389 try™ ZICR | W% TATEr S Settle Fw ‘A oty tEAT
«fqe 71| o Ol e oeE e A OeRt w1 e
faferw oo snuzm ewowets wices Composition fow-
Riormeeg trend 7 ofe  Towwr 331 @R e zoe
ser zow Arew yicy (chill margin) wre wfetew Fogy,,
a3 TTEEH Ang. o1 omiee e oo Twiw
wfateq ametmm wry otz (Fo, ;) e Ov@ e «¥
Hiafema TRCS TETATN 39 AT 6 G 19 &g Fuy
aqr3cs (Fou,.,) omm1  esrteras woma Tiee Ang, (903
W @ B Taee An, i oigafem wenm Tace mRemriew
G TMEG, To T Terlemmis @ wende (TermE B
e o A)

Ly, SoAE ATAIRG (TR TATAFT FUF) IR Y,
TAAANRG, WOANISS @ OANIRG ST T IS W TZer-
afenE SR TTANIe TEARG Ned (AT 0O WA «f
sAela ST AEWS. FeT | RAEEIE WG
(Theralitic dolerite) Rigiaw oE @ G MBL. IATH-
foe2s, ARG ¢ AfaTex ol W1 BEERGE ARG
(Teschenitic dolerite) e FHABA W THI!  @F Y
STon~a S ARG ATF | HOEIR0GT  TewEien-
G Tt ToTRD. € e CorTareniRt {SAt ZrS A |

Essexitic-dolerite eat zn #m@wemIs, wivew e
orer oeemrema (Sanidine) g wfafew,  GERGH-ING,
barkevikite % g wiqer faoa

oMt TSR S W HimTeT T Im «f
sfTReTRR FCA MNEAIN CF FEALS A AR weH
afgrm toat T Aerterm T @IARG.  wierers,
OIS o TS TX:  Sfefed wF ARTeAToN W3t
FARS, Foess e fodrwiiam et T @ W
T HETS WO TS RIS AMWA: G eeEw 63T
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Febiere Tow AW T'A wweaw (diabase) | fory wataem

mmm‘twwm@ TR WG @ 7 fRe
kv

okt (Gabbro) gax w8 (Norite)

@2 i 4T @t MR At SR S
ST CoAY IW 1 @% R o Ang, (urw awaends w
TSN € MRATHA THew 09 | nETs WS e AR
R Tow TTolE MM3FTEN A | @ NECE AW 8-
FHT @ FARG AN ML AT 7S | 98 RIS
TG F A (PG T GIR QEAIEAT = @3 far
SAIF AL et | lron ore Figrgers titanomagnetite
7y ilmenite og accessory fgawa 1 fag; Sulphide mineral
€ A ATAACS AICS M | O93HAY AT HIGR 12718-
ToenTos 31 arEmients T qaa 271 ¥ *nwfa 3B
WA 2¥1 amd 3y (Colour index)  40-70-g3 wru
AT | (2o JEER I (qCe AR F owanarzs (diorite)
oo 2 7B @ 10401 ez 22 #pY 40-97 T ZTA
SFATTGIFNT ATTOI ATIT AP IATA FAT TR )

93 FTSTH *NASIA (-IB A, I LI L&A IAL
e TR G JCNAARCIT  JNATTELT T TAT FAE
LA, @94 ¥e anorthosite massif-qg Fgesr )

AT @ FAAZGT TR SEAYEN SN 23S e
menteym (Layered igneous complex-g9a) sy, @ 3@
IR AR br=ea i (laver) @acemnRisa A AT
NE, (AN e SeNigdE  Stillwater igneous complex-gq i
Wy troctoliteqz  Fresr erITE  oMCA, (@NA WCE  Sierra
Leoneq | (7% 3% FA30e (I GG o7 AN <135 MM,
AN e IWCH ACIIAT ety @3k wiwa SigwE
uTers CAeTeony | e Safsee Skaergaard intrusion
93T S A, AR OF (AHRE TRPIRE-
afefen s aR SemEEW e A ivs (Yo
39, 36D gz 42) | g¥sig layered complexaiows gravity
settling gz & APWS. TR S TERTE TR o A |



"84 i ereatam

PG SIAT PISTNT T e (FRG& mal A
PR ARG oMF I | WiATe oA A AATeq AARS
A ierted FBIY™ TN TZAE AF, @Ik iAo
ZRo-Tam (rim) e sma |

FHe [FHE MIATS [t (NG IS XA, (N2 AL
nEATIw gwe ferroaugite, fayalite rich olivine gag iron orc
a1 @353 oneaee ferrogabbro &y 73

STTELPA ATATS; HRAXYE A GNIYE @3 AZATE
T oiefts fome #Aowm ate W cwe twaE wiae
oqUF | AT @ FARHT FArterzw Saussuritized” zoe
MR, JYTe *AATHES T GFREG, FAGT, FNEHEG 13-

G e
~ - __ ALz~
== Gneiss ;
Hidden Layered |
Series ]

fom—38

orate_Rag, at, caRteite”, Namrte | fafex «fwcww Wi atam-
F WP UT 9T Afes w3 @I onnig, Afaw oD Irm
oG, Afarwy wefey wtenz (ot (Uz), faga cata (Mz) e @naty
c-r;w (Lz) 1 avy omiy feroa (ot WigE 717 (Fiae  Inzay are qix
T

EERG A afore’ qar fedt zW1 @] AfIRew o
TN BHLIY TUCF 'YW emanation (werqe fluids) «z o
teat zre *ma fetar low-grade metamorphism 31 spyparst
AP T T0A (SRS 539 A, q0E I zH deuteric
solutions, STwa AT A ZTS A | GF I MU MRS LT
Unalite (wefTe w#ga a1w fibrous actinolite/tremolite) grely
amphibole doat @1 Swerren¥ITaTR T WAMRGE sreer

s, (Lamellae) «mrs »ma 1 1% 39 WSy swaTe STe-

'nt«hmt S YIS 2T |
dareren®s (Troctolite) ¢ u¥ weYy *mea *amerterz w3t
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wfeien fwew eat un TeRiverates; e allotriomorphic
texture g1 *orTerIN AMEATEERS WA ARTARS IS
TN WA (WE SiaTerw st ety reaction
rnm fgAmza oRTs AR seterEd avaet srely !
allivalite e 38w z71 @} *me@sfa Isle of Rhum, Scot.
land-q *remm TW!

GTYee  (Anorthositce)

GTenRs  wreq 90-100 oy cematerzw v teat
Gye @3 monomineralic sfe 1 GTAAHERDT IS
TN T (Jfeesy e ferwigmm wgem massif
fzom 1 @¥sfer domical roof fafwess amrenfee:  @orm W
GICRTATZG QIYT STCAT A FATZD AN 93 GFILATATRG @ -
FART TRTIY vy NeFe AF |

GTICLTAEDGT WAE GFTG 4R S LITHH) Mg | ¥
e (Eeniay ereiy layered bodies-ax wmn 43 T oA
Tz wIwts M|

3 g% onrg Stillwater igneous complex-q (Montana,
USA)), a3y a7z 42 km g9 93z 1200 m gy
ssq (layers) feomre wmwe1 @ zaw  Bushveld igncous
complex (S. Africa) arse *medr I !

whme SACed AN (@ed  Tremsiegre  Precambrian
7o «als laycred-type gzt 3fe e, @3 @F W
o 46 @St (TeTe An98) TF semeterFH e TH!

sTToT-01%o (Massif-type)  @RacamIEG oA TeTFA
AT € amEneERs fAd 9w, WE e -G
(Layered-type) @z aRaremEses *nateraA WRe IAATAI-
HA CAN ARSTONELS A GRS ST LT A | M-
ST I ~ArrTelEA [t G ENTE ANF 6 AT
-deformation-qz 5% T TR

SRS MRS @ TR e et AnREieR T
sem T @At TAAATES z= e Fe-Ti oxide «fwr
OTareRswes oower hypidiomorphic tats allotriomorphic
gnnular]  wfes «Aong S T Sfelly A AR
fefos mwem o am (oo 34A e 36A gdm) 1
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NANRERY /"9
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fsm—40 :

Strower geifvs At fereptafaeT Atfrs et axwen
wrrefay wartw (5T 1 (@I 14) .

fot eta 31 TS, wem ave s wen ¢ fawrtafanT
SIS otiera wene V71 '

(A. De, 1969, Figure 1in Memoir 18, New York State Museum

e m e e 3as  Lantamical @nevav)
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SReRY" 1415 massif-type gazremnRs wwE (AT LT
wgrer 1400 Tz Tz wIe° @316 zors dont wewce (wfq 40, A. De
1969) 1 efzamm *AY, "w e FEMety T AP AT
w1 AN WA P (A G SIS QFAATNIRG SR
(Tsa 87)1

357 Wi $EI-X JAYE JAMWIFFT 8 IATLE
o Tt sy A @Y € 3T MIAT-31Ro GRS,
T Wy TReRNI ;U Bwa were Adirondack anorthosite
massif fqafaamre |

epTod TSN WA FIA[ (908 (3 bl Qe »n s
S iere Wits GTAUTR0-T¥ QFEYINRG MR Sfled T !

ety : Tammfaam o TS Gr2ef @TMAENEHA
Senfa e A. F. Buddington (1939, 1972) fee aaves
@ @3 *nerzd@ S’Fa gabbroic anorthosite composition @z
FjiowT ATF NS T@1 Adirondack Mountains ¢ «gFaer-
ATE SAART FA I YICF QA1 A0 Z97e J1G1 ZTw gabbroic
anorthosite seg teat AT QT Tomaw TaheS
merng Siew Kenningite ams *amrlerzn A I6EF
oAy T e FTeera aen twg | N. L. Bowen (1917)
WA IEA A [PRG, AT T FIIAE  (FAGLAT T
SrRTsG TS S eLIIN (I FAR T AT @ OTIRAHIL S
ST AR CeAT IR TN A AFe AN
GRAABT Teorfa Z0e oMA AA (FlAG [FAG MITS T
FA |

tofacesi®s (Peridotite) aa: ermg® (Dunite)

senitiee  (ultmmafic)  sreRscle  CamE-smons s
=y ofw toat, e wiefen e on3afe av e
B @ o oy Sfetes fwew el (ereIE 95100
e wiafen) mw.ﬂm@' (dunite) 1 @® s ™
Siafen qe e ewar 85—95 e forsterite weg oam
wrg chromite grgfens fae TTMT MF ORN WY IY
zas Pod g1 lense teat 33, oo caTSgbn economic deposit
ot w1 wfe S ST GRS W eRureRies
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T AT A a¥ mchmmmmfw
aens (xenomorphic granular) |

@ s Seted e *nEATeA 2% eWe: anF OIF A
oot (peridotite) | @% sy smuraw sy harzburgite
3T I LAY *M1ew, @F T e WA @ GTOBIRG,
O ST W WL AN AT @RS | af Aeea AR
xenomorphic granular. 9% w3 srely s wiatew e
eI 7.} «fawem vy W e W oF e WE-
T e Wi sy undulatory extinction grar @I
oS @ rofareniesy e for 35B ¢ 35Cow tryw zweE |

Lherzolite ety rofaren®s snerg <@ @t sffasma
AT FAHAGARG T feteq @32 sy »faam e Gr3-
GART FSH MEATIA @ SHARITFF | @RS AW
accessory TR e | Wherlite oz o3 srety corfaconis
O Y 2AYTAS: AT HTATSH @ GIRTAETCF SRR T |
HEEIeE *MeReriers Seeria=ey scrpentinization ora TR
giafes @t »faate® @ I w3 platy yzgag antigorite @
lizardite, =iy fibrous yzgey chrysotile : grqrves W% Tou T A
ARG, TSRT T AMErS: WiATex 7Em 417 1TF @R
irregular fracture fwry, sIRIbRE Siateae iR
(replace) =tz 1 peaTy ©1a @3} chrysotile-q cross-fibre Tamym
taar F1H fracture-gxr Agssr | G BIGTRG #ifadTe s zun bastite-ag
(9% Tty antigorite) gwg s (pscudomorph) fzamy toat
x| rofareBiRs serpentinized zrer wwae Cwea  chrysotile
QAR Temn (vein) oree | SEinmieR we@eRier feren
(anhydrous) o Ta=y serpentinized zrer war hydrous zrx
77H, e serpentine TS wery (hydrous) «fer (Tow 86) ¢

SreETes e S tatsr e Sesrfa—(1) erde
R TAenRS e FAew AT SR e
alpinetype orogenic belt a1 W WA, 9T ¥ WOW
ultramafic sfepe® alpine-type o T | AWATFINCIT SPHTHIN
ooy gy ATTLT PAITS FITHE, TR SEASACST MG
e @ CaRE o Alpine-Himalayan orogenic belt =1
wedy srem T (Tor 41 wd)
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( B2k *29 13deg *dg
*1IPWY 208 103D ‘pS61 ‘$89H 'H "H )
| DQJleik Eklikbia El@pkbk BBkl
eali(kiFlelle Eoje] BRlDRE |Ek|E

1—Eq)




90 iime s R

weTeT @2 *ne *rewr I Mid Oceanic Ridge g3 Median
Fracture Zone-q, ggsst Mid Atlantic Ridge-qz faferw sroert
@3 7N JoaEniee omey alkali-olivine-basalt gz woefaa
*aM9-a7 *eey inclusion fxwtze *mem IW—IALE I TH
peridotite nodule

(2) @ Tl SEEMTeE oMUrd WATNRATIR @R
FEETTRTEN 7 g Sy sfzaea ALO, o, @id 3
tofATeoIRs @ sy Spinel 31 st (G gamet lherzo-
litew) oz, % (o @@ @ @FF  ultramafic  smem
w8l Trwe’ orieaty mantle 9z Wy SoPs Rt G Lot
Z0R |

(3) Mantle gz st e IR TN CS_IICAR HB-93
TS9N (U SINT ATH (T (7R HYHA 2AYNS: TR @ (AT
5IRb-q oAt

O3 PO 9¥w e FA ZCWr @ alpinetype ultra-
mafic sneg upper mantle oty 3Tox *pme” fzomg disloca-
tion wemy fracturc zone fwry fWors zta e WFa orogenic
belt @z enetz ar Mid Oceanic Ridge g wrarg 1 Upper
mantle @3 @ et Wi AT ZI IPEG AT Teorw =X
TR MAE ARAIHE 2eF S1g AEIAWET ANT SCE-
foffam s Tor's wmeT sicwr #157 Gowar (peridotite nodules)
T2AR IR T AP A |

SRR e ©1RE Sodie TS S cot et
TN 7, SR IR 9F IIA T SIS [T SIS Se
AT, (FAADBARGA (T e 1880°) 1 vz @31 feew
foomr ey I AW @ ANE IO SR SriEiEe
ST SMeHT I «% MG ia e 2 taaw IR
e e e wR—mws CaO swy (CaO/AlLO,
ratio>1), gz Komatiite oy =31
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(%) ominies mem o aF woE TG LTS
e Eeenia-an so, T TN S e SR
@¥ *meq Layers Tgoinae smewm am)  aaew wire Stillwater
igneous complex @ Bushveld complex g2 Islc of Rhum.
Scotland Beynivar st

AT T G BT 3T eat A wuw W Swr goE
YI W AXAL Mew  @wenive AW mww wietes.
mﬁ,mﬁmwmwmmﬂmﬁwm
faters womr @@ wfem o rentoe 3@ m Ao
MY TIE AUF | @BHT ATWCHA AR LACS A rheran
iqe7 3 (3) fww wwm =, (2) wnewr @ e Sy
DI} SRR ATNER R OeriwE aEcs ISR Seee
AN SCOMHT FOOT TFL. (5) EAA MW & S0 AFFL
(viscosity) e OZAERT T |

T AT, AMIITHN G2 (FAZG @7 FRAIA gravita-
tional scttling @3 W& Aloe @ SrEEETES snem Tenl
3q ; @aw dunite, bronzitite, harzburgite. chromitite gz
pyroxenite.

O FI IEEMITFSE AIA AN sy scttle w3y yiarma
e Cumulus grains & 3% wia@  wig sl
interstitial srsp coE @ TRGIF FIAILTAF ST CACY THATCE
@i 4t 3w Poikilitic crystals gt zm (Tom 36D)) 1

@ 4 AR e reRfventes e smizlaites
TOHGT CHYT MW ORISR (AT SERHCH SHA MR [0
e Ao TR Bom e primary layering
e T (iR 42) 1 (@br farrmena awa T (X W oA
afer Wil CRSTR W Ao omey 0TAY T, AT AR
st aferee Cumulus qeneriar fow o srufere? siws
T, aow @eTd tedl wmea o Atas T T T ok



92 T 2rsaian

T T, CA FRTER, AR @ [T TR T T
anfefs =hisTwes) |

fog—42

Wity otqra omifae ( Layering) wfafersm Bitgey fiatef
7 o7 @S ¥y ST (SN FA 1 FiA R-a 5FS feiram @A
e wyddl witA wiE AN fog aviterEM | CRARMG ¥AE,ANTAT
47 ( L. R. Wager & G. M. Brown, 1867 ®gatty ) | (x15)1

foremge (Picrite)

TrraR0a S o cofarenIRGd o AMies iwe
toRt R THIe TTE R [T G SNCH IEHl HATAWCS TS
T3 ORI AF | AT (T 3G Ay e
el @ wem Shafae snedres ae n Terr RS- |
sfafen Tw @A @f  FeYw omeAE ;A eTHEWILS
(oceanite) 3w FMRS HAR TN G FRTNLG (ankaramite)
ISR (TTRWM) IFIH6 YA (G Wof-aF MU
fem e (drll core) otz TorrATRb-ATWT AT TR

AN *MedT TR !



ey e faaaa 93

amenRe (Andesite)

ANCTHRS FIAT-ATEAFAT AT SFECEF e | GO
aTEAFEA-ARy HpY (alkali-lime index) 56 pecm 61 wx ey
T GTHRG P wfmna wrem 4@ B
OTTGARG *neRes intermediate acidity ez 3N zm)

FNEAF-QIAFIAT Ao Wy andesite-latite-dacite-rhyolite
Ll SAFTINE SMUF FIAGE  MAILA | A SWETSTH
*Apiae smew @ diorite-monzonite-granodiorite-granite |

7R IZEN RO S@EEE  (orogeny )
WY @ WIS W O wywe: andcsiterhyolite paeria
@-TARG  central type wneearfafa o Shafae  za
Sfweem 7 26, ~rfzsmer pyroclastic spe g @~aATICas
(agglomcrate), tuff @32 sAGEA (ourre: w@tm Aoy ) faor e
E3 0

atwa SR @fen cRTNEnn S,
shpy Setn <ivoga (West Indics) e m sz
(Central  Amcrica) gieee wemmiefsgidce  am-omzy
arer St A1

opreg NETHTORACE @%A (Circum Pacific belt) #r7 @
AR shea wee FToterar srécaren vt Sama e,
Ao FEGHIT. Tiomw,  Teleasnzs wQieens Tenfy weca
QTGRS SMe;T I 932 3Z1E & Hegeerr e AHiAa A
2T PATeF |

«% Circum Pacific belt ters ‘an‘m"lﬂ I LAA
(3% gTwer) @7 st Toca FssmomtionsR STEE @ fareran
oerTe € AT T W @IS SR wrg TR A WAF
S GC-GHIRS BST 2Mew T/ | SETAHT AHAR Ao
LU JE I AN @3 T ity s,
Ty vy Sesme 1789 e ora famme

HITNEAMYT  TZTEW s@zaem Alpine-Himalayan
Mountain chain g3 fafer s QM-GMEE NI P
o o O ToNewEm 3w d-assa Sgrer Cretaceous
Eocene volcanics gz S0y QTC-TARG *Me I |



% TG PSR

ety e (0E GeTAIR W36 LATN) z@ 93
ssrterE WERFBILTACS 4 't eiae  (zoning) opa
TR OF (WL T SAMICAR 4T I AT | T
OFL [WAIFCOA (FTHG [T JIRBIOATLD SO, GR I ToH-
Wi RTCARS, GT-CIAN AT JOTMPA GTS 1w A te-
B AUF | QGRS AT Wiated, *M3Eiaw, TIET e
@ LIRS AP TTANT AT | O 4,3 SOy ATed
FIAISCTA G347 EGABIZG. € *NEATHHA ATeWH HIAE
* RIS TW AICS A |

GaeTARny R e owsim  z@—pilotaxitic @3z
hyalopilitic textures

MYPAGTHIGF GG WEANR Fp T q9 ARG
YIF € GITWT ANFSAESN oeF 2% s (flow structure)
TR |

TRACEATHTAGE, DHGLT AN TSIFAT WA IR, A
oy @3S 2RTT N LOAT I WA R WL IAR BIF TIF
o T @ tal AEATHT NGRS € FEBS AICS A |

ey (Dacite)

TGRS PRCA (RFCAPS TN AT ~ATersA (wieran-
TF— ST STO ), ICALRG GR IAET | PELE,
Afafed, SR 63 ¢ Fib, AP SR SN {eAt
A FEGE € AT AMSTAHAY N CHAIAF 519
{ez} IS AMA1 W% AT 2ATX S LT (A0S #ICA |

Beofy : SO NI WA T 0L (T ANCGHTRG
TR TR SRS Iwe Iaex (orogenic belt) sz gm
P TTHET 4R W @I @Y I I W AR
ST T QIC-GHES oI, IR € NTHEET M
qUTTRE R G} CINEE @M T GeenRs aes (oo
43)1 AN HFA UTE T R EAR ISR G
sgemwa Teweewias @ (lithospheric plate) gy, zww
T ANIIASY TR TR TTE N SN LN USTR
(wzF For % subduction zone) (fsg—43) 1 % wer; plane
a7 B SR 3T, epicentre g7 TN GR &F TN
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gw Benioff Zone | @¥ tonw turs @i-wARs syema Sevrfs 0 |
fafer swagems o oot (1) s Sorfafars @ oxidizing

1>—Subduction zone, 2—Oceanic ridge-Transform faults.
3—=Movement direction of Plate. 4—Andesite Line,

foa—64

AICeAIRS MM¥ Ay AABIA WA ( H. H. Hess, 1948, Trans,
Amer, Geophysical Union WEAIY) aN @2 Plate Tectonic

sfaras (T ¥ F nTfHS) |

TACS ARG WO FREANE (AT [T ATGALS
ST teat 20T A Wde «% SISt APRG AT LTAT &S
@ S e ST ome wer Serfsafers
e arieTs e A ; Tedl (2) g oS (eclogite)
oo 355 B ST G s TEAR FR QiTeARS

e DRt TS ANH |



96 g e ersatamm

A WA I TS W@ G IR e (Sialic) s
PRS serA e Rt srfmce wrfafafers (assimilated) gra
ameeemizs  deAt I femg  trace element e lead e
strontium (Sr 87/Sr 86) isotope analyses fera W% Y1@en

TINA 7 A S ZTENE |

oo snywr (Granitic rocks)

BT NAFT WYy AEGF A T IG IR
oEa teaY A1 o ARG Wo A T TNt
MY ARG F7g PTG AT GNCTHATIGS (F I
G ST T |

aIRTE e A 1eRT AIGE IY IG A OEAR A
WIoH A7 INRTTAY $odT A1 HIT ALAIAIE ABA T
Fhetaar »Rewen ¥ Ser JiseE whww Weea o=
somems faoa aRfor  amwfar ot T aegi=E
TSRS TR |

fooeE sONEATe TSRS 8 IIRALEHNIS L0
AL, AWIRG; AIMATAY R 1 ANIZG, ANeiey Kow I
Tor-znivgme Wora 43 @Y o T 'O ek 3T,
A-SENEH RS AR ARG, (=6 (26 S LAl M3,
oo fawerds, (e 95, (conc sheet) 1 oWy (g ©IEI, !
GHA T FON T TR TNART SAFNNE ACHEAIRS AT
et TaemeT TS ot | ARG &1 WO
Circum-Pacific belt ot Volcanoes a7 &@7 e (TENA
WO A6, IR @32 *3° AR FIAGH_IT G211
TOET) MET TW! AT QGRS TR S
sifgamze ARG, SR IR )

AES AT YW AT @A O AT RS
o tatersm @ et tfen orar am @wmw AL F
Buddington (1959) aiZ5 onutza S, 203w (emplacement)
07 GFG TauH JACEGAT ICACEH |

oxan Tafen setrom oo fafem oomss @R swem
intensity zones @z T AARTET oMMeF TR IR TNET
s oz aa!  A. F. Buddington I_‘m = @31; zone



Lot o R D 97

QTG TR AFRS SR S0 FLAE SHA T AR
gy M (structures) «z Yo, Tow; LATas) Sme! @F
T (F ) A @¥ A LTS A o

e G W, 97 T SI0E IS SO TS
feor o3 et TRiTedE GONIT TN, 93 SR FHF AT ;
9o CUETE TN 97 (90 (WF [ IR @ ARG T
TR FAE A (W AU TAET WA FT S 1O
Teet .

@ A AN IR (X A IAT Q4R T WALD
T AN S 2ACIN FLACR T TIPASE, BIA Fomiva physical
intensityq e oA IRTW I TR WS
setrer aW TR 5% am!

@37y Tedls e Buddington Toes FACEA ¢

(1) Epizone 3 s-ors5 tors + w3 we1a »mve Tye
@3 ET [FTRe CHCE 6 ke AT 1 «f [aA S o
250°C sz S1o(1sT QIS JE AT epizonal T3t ate oI, 203
(AT |

(2) Mlcsozone 3 absgamea wam AmRaes 510 A
sre TaReT AitE @32 FNTY AAIR 1T AT B2
twrea were 250-350°C @z W AWEF I TR =
500°C ww s@w 2¥ |

(3) Catazone 9 ors 13 wE= seTa TgE e aE
gae st o e 6007 rers 7007 wE @l
TS #eA |

Epizone-a S 2ffa% 2=IZ6 gt fawiatae
gaterset ot AT ¢

(F) @F &6 BT, (stock) @y yCeniaer (batholith)
SREE 932 AT NAEFT A discordant @ T1@ W
gzt aFTEEs chill zone g AT 1 AT MCH Hewoper’
Femeen (contact metamorphism) morAnTcew, (meta-
somatism) v |

(¥) fegEEE RS e o & IR S
e e TR ARG SR (volcanic) e GTT
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(1) Sfegzem afsgene A5 3we foliation gaan
Iw AN

Mesozone-q Weﬁaﬂﬁ WMARG A LTwresy orer ¢

(¥) @71 green schist, epidote amphibolite g3g phyllite
TS I PR [H] S, 3 |

(¥) \BALTE St o1 sty AMewEd A con-
cordant @32 It ©g discordant |

(%) T A oeex (contact metamorphism ) wi @t
AR |

(9) @& *u/9 ¢ M eagnag (volcanic) oz
Tzrenia  H. Cloos-qg farfere “Granite Tectonics”
YT JFAN AU INEA WA 519« (structures) wis
TATENA @R IW | GACHEE IR, *A/T S
wtw arch @37 q@ F GR AT AR WE O, F
TSTd YA T |

e et S Catazone ¢ SR erFRT ARG
I (F) @ AFA W T G T N
S SR @NTwArEends;,  Aenmengs; RG]
TRE, AENRG. @R} WIRA (gneiss) | (W) FWTHWEA
*FAHR e Toecem (chill zone) qz ari (o) R
MY @ ARG *FAHT [T structural conformity g7 FTA)
(9) catazonal segasiier sraam Famw (recrystallization)
@t afeserem (replacement) wmr S 2f3s zre YMA Te@w
T2 PTG MMRMR intrusion @F e T A |

oW %5 (Augen gneiss), porphyroblastic granite
@ awRfsE A8 (& replacement @3 & Beow) aorie
catazonal g FGAGA AT T (8) FNGLENE ARG, SITI
dome, phacolith g3; conformable sheet fzwirg ez wwe@r
7 imegular RTA W1 (5) GMA AWICTS: Syntectonic
T T @R T o O @ TN AW ;RIS T
TR QIS YT TR N1

Bwrzaa ¢ (1) it 2 NG TS AT
aES, (AR € AWENTF «iG AT INCAN
aforomrr  o_I%S SRERm  &wizaw (A. De, and D. P.
Bhattacharyya, 1971)71 (2) sfipx anemm o7, Towm @R oy
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RS TYT AFAGT s wEA way primary flow
structures g3g joints gy (S. Sen, 1956) . 9 SFR TACM-
(TE AT SWRAY | (3) muy e Mo e T
AW TR AR Tfaw-ea ste s eaters streaky
gneiss batholith FmTEAm i sewean o3t Swgai
O% INATEY FINAR (N WA TATIFC "R SSAND
4ICo 4ITo] R e e (W Dl West, 1933)

arwee (Granite)

ARG Aed WA 80 SISt Tl €@ A S
quartz4alkali felspariplagioclase fme (F@W0®, ST
wTeE) oqRF | @EnE weIdl 20 i Wi M aw-
3w au fzeRTeetisT aWFR 3 GEIeNTET AR
3 T PR RTFIAGF S WA

SO (FARNT @ AN IGFOR TS JAACA  A-
2fs (granitic) sMeAE *GIF ATLG (potassic granite),
quwes (adamellite) @3k AMATGTARZG (granodiorite)
—¢% Tor et [AeT T L1 HIAIE A A CFAANA
sy CEETPNCER 2/3 wien teat F W saneriarE 1/3 e
PeRt IT ; GUTNARG SIUCH AT TFEA 2/3 @@ I
gz 1/3 seom @t aar sarters 1/3 e e e
2/3 S I AT | ACATGIRIAILS #MMUCR “For a3 ST
S IR A2 TN (FARATAT 2/3 TR0 Tt e 93 1ot
ey 1/3 Sre o oS |

srferta 571 arigt IETEIAE faege v O. F.
Tuttle @ N. L. Bowen (1958) rlaraTen 1@ FATH (Y
rEE (N BAWICA a5 ened tEAl W T rZTe e—quartz,
potash felspar ¢ albite @% fom Tonwa 2m 7R s
T, See @ Tor GenwEe s 100 e sty 33°3%
a7 e aTE! @3 W LTS e avrmentd
(adamellite) 7em ZH| QTIAALS srheta r@ta € A9
oSS SRELIE LeA IR

Tuttle g7z Bowen (1958) wiecaTes ¥ quartz—
orthoclase—albite @ TS FALE e T LD (L]
experiment FaCe AACEH F SIS T 77 (melt) 2ot T0
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O T RITHHG, WATFH @ GFRILS QT SAATS AT !
W% tutE Ol o IR (@ G ed eat  Fewm AN
Crystal & Liquid (wigfe wymorar) -9 S o0 SR
{(equilibrium) enury Teor

WA AT FAFTA (T 2OF AL (ICF S AN (33
AMATRG I T AT ) ~NMeF I3 I e I, Retme: Tuttle
93, Bowen gz experimental system gz TR wroreE
fafurss stz e Somrw GTTeRe STRCG o AT

ARY TR T ATCATCCAILS 932 BHENEG I [FEGT
ARG, (FWE (FNE UFE AW AT I BNETLG
(Tonalite) 7 FEMT waRRs (quartz diorite) eperz
PO AT G CFARCAT s Wi 10w e
Rt FA @ T WR AT T FIE (FHE FUH G-
%G (diorite) orear Im 1 ~ABINE @ lER @8 ATmeaw
[(association) rhyolite—dacite—andesite erem  plutonic
equivalent| 9% Soy AlmwE It (typical) FyEm=-
aneFEYy g (Calcalkaline scries) vz Swes g |

aReew wiwer S

(1) 2% *Neca *TNarrela™ (FaR=NT QLTI STETi-
R GO, O (I (I U@ Q26 "qos S MR ¢
STTTGTHCAT TN POT (FARACIT  WINIH A (T
myrmekite sructure gy Tore 2 |

(2) > cpersTong ATYTATS: ST AT NRFNFA &S 1T
X O WIA ST AMH I, ATIG AT TIEHE WS
7wy wiates (Sanidine) & SR TRIATY LA 2O
AR AIITS AR |

o T T wriawme albite molecule gz Fae
oo AT | @TERTET cweronea Perthitic structure wpamse
T T ReEIE owWET el SgE I3 aWIRnd
T

(3) mmmw (Low-quartz ie. a-quartz) awi%wsa @3io
fatees Some1 (4)TMORPTEIRG (W) AR AGABA TN
aml (5) Zo@ET e ICGIRG TN AWIRGT AN ANITT
o TMES I OO (RYT T TR (FHe [Fe
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TR Ned IWM 9 bR (Chamockite suite) «x
ARTGF *Mers «3ts T2t «fver oz zrgsmatm 1 (6) o
] e Wive (e wiate s T chlorite et g (7)
ARG N ANEIN Ao (accessory) «fww omewm
1w ; (g« zircon, sphene, apatite, tourmaline, allanite, epi-
dote, zoisite, clinozoisite, monazitc g3g¢ rutile; (8) Mag-
netite, hematite, @3t ilmenite @ge ez (iron ore) «feey
fzwg o | Pyrite, pyrrhotitc «gag chalcopyrite yrea w@-
Fu e TR TNRmT T AT OHE A0S |

(9) @ R awzw FfAfFSTR S onTes T@ (mole-
cular proportion) swFwa  ALO;>Na:0+K0 <z
A awgs (peralkaline granite) Zem T

ARANASENN ARG STEMFA aTSH  aF A
arERE i, iNe snem T e, GiivE MZAiEE-
Acgirine (wigiataw), rites anie@@—Richeckite (T=2-
FBG) FRTCST_AFZL (Arfvedsonite), e Catic A
(Mastingsite) | (Fme @We orwizite onara Fr@nzios
wiatea (fayalitic olivine) e |

AT WIS SO (F (I AEA v T
Taw ST W@ AW A owwm wahrs wgw  (fluid)
(TT @ I W) WE AT 7@ W Al
'Tourmaline, topaz, fluorite, apatite, cassiteritc, wolframite,
lepidolite, muscovite, kaolinitc 43t calcite 92 w3 «f76
roerTe TGS SMeH AW TAHA W FiE Boron, Fluorine,
Chlorine, Tin, Tungsten, Lithium, Phosphorus,  Water,
Carbon® di-oxide—g% 5@ wamGEa ( volatile) opme1 «@¥
7CE (AT AH @ ARG oM pzate wm volatile srmea
Ty TRWN S |

sz (Schorl rock)  o3f6 onem TF A eaciion- )
SRR W I (aggregate) Ty A= TS
ZTRCGITRETE AT (AT AL A T S
(quartz vein) se1F *NCIA T tzat T AL

anitem (Creisen) aiga 6 oMo 3T I e A
e wiReie sasiger (volatile) s’ sl ﬁﬁm
=7m o oeATs teat Towe ) oF efgAmE greisening S
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A1 @] greisen weRy ouF oF e GreTHwNTy rew (vein)
wrone (topaz), feifeamay sZer, wowmiss, amsnRs genfw)
UR MeRTT FARGF SIWIA AT AT SreI FW; AR
F ARET M eamEe me gfvE fw ws g fs ones
(pocket) Pezt =, FWCT I zW TOronaw (cupola) | @B
fe8eemas wne Ate FmeEr TH |

worenee (rhyolite), ywawe®e (rhyodacite)
gemy, (dacite)

- 9% edeie eEing  (volcanic) oqeg fevg anIRGa
Te T AT g W R Sefeie W,
G GFNINOF,  HE W RS, oIS PEw e
e Wi 05 Taefss «z tae wr et T | ar sorer
35 Taew toat (glassy) 1 obsidian «afs W% 7o e iR
MY ; 9T SV T8 rhyolitc @z stg1 obsidian  spegaa
Oot #feyys fawesr (Conchoidal fracture) gprar zm1 o=@
w36 Fie3 »meag Am  czrer Pitchstone amg ®v@  #ieow
(Pitch) s lustre oray 3mH )
ARHNZTGF 2T ARATS: AATFIAIOE, (FRTTH @ (FEAAIZ
THFCAIPHTE O] OF WY TGN ANRY RIATHF. TCAGIZG,
e FARHGF, TeTien—al A7 JTed Taqer s e
S "MA | ACIENECS AURATS: TFT FHIF DR € I, AT,
PRI AT T D6 AR I ARAROF, IO A
i g

O QAT QENIAIGT MYF ITe JA WA ATTet B WA
A Asw Tore @E aEINS IR WF - @S
S Tooe sate T ANAENRG FEHET € A6
T S 3N ATeFA  (HAIET AN TGAIRY, PNeT
O AR @ (A [IHe TN ACHENRW  *FsTerFn
IR TP ST FACS AN

GUTRENEET T Do TATeG MRS AT AGAHA
YT TR QR GF FACATSMRG; o TH| Tuttle and Bowen
(1958) mifecacest @ antre. SAFIRE SMAEA  IAHIAE
Taoerge oty TGS AT T @ R f3vm ey AATS-



N oo fagag 103

AR, @3 S Tt ATATLARARDGA TS SoWALE
MYHF 7N T (oRD, (dacite) . g7 ma FEDE @R

ITSLFH AT O3 9 A-THIZG TE 7S T |

AEENRE @R @FW  @We omed Sodic (*na
@AFMEIN) @3 anorthoclase, aegirincaugite wga: «zl;
4R Tawe v et O TRE—g17 am crossvrite gagw
AT  ANT CWF & 77 pantcllerite, g% 72w yarem w3
@36 GNEITET ARG txTer comendite,  @f wyera Wi
aegirine, arfvedsouite qag riebeckite., ; g% yarem =mem s
AMAR IEFIG AR AW 0 ~newm I

JCAF ACAIEG, SRATSHW @32 15 oo devitrified
AR TE TA Q% A AT ST AELHF-FHTAA Al
FORIFIEA grare ¢ @3S ey, (Febite) onem 2ot
FACR | TBRE [FAe ACAIZG Q38 (FEAARDA 041 [FIG e
QFEET (FAAoEa e intergrowth Term reat mwas
Tafos =g=bra v7ar T

Z, ARG AW DAL G CPATEH high quartz. ( g
quartz) fory {eat TEfeat| SwAw ATAETIGE  GNAEFET
R AfAten e wiafen ¢ swerwETEm  wRmi
tﬂf‘l“@ﬁ:ﬂ'l ACTTATEIG CRCATPHoT; e sneenisE.  resorption
97 T ®H TF @ (corroded z7w) 2w

s emew (1) e Calcalkaline  Volcanic
GRS QTTHIZG € (GATRIGA sl &Sl 203 “Med am.
(2) fa:_.@"sm igneous complex g wiZs fooma sneni
gm,  (3) TaomY wwm (Fer @) Toa (1) amwesa
sesr wehverss acid aTer @ TzRva omem ;wm. @ae (5)
shallow depth weqe woreld e I AMFAT LS
Ifea e AhweTss emaTe M|

e aaATETs acid volcanism gz e fawma s
Sre- arely s (tuffaceous material) e SAFAE
;g]p:r (Volcanic ash) fasfs 2@ =R (FA0HE Cooiped
tuff Grety oW’ TS T TGHA T THIACT @
BosBTLor FRCOR (TTe gas+meltaz) e fufurs o @
@3 wra glowing avalanche deposit we@r neuce ardente

areln SRrwoE Geafe e MA! Tuffaceous smersr arys
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I FIA FIGT I AF GOLTA @ S W fers
XA SR WA 501 Zow o welded x31 @ 379w »noa Lozt

O eI N
J (‘{é"*’?i% i
(]

fow 45

STIN(EG_BIF_ AT V-WiFIT nFiFF oy 391 ¢ wyiy
MRIAFCBF I 517 @ ST AAY AOS @y IV ez oD
Irace | ete o7 mwdn

VYellowstone National Park. U. S. A.( F. R. Boyd, 1962,
®TACT ) |

zy o A e welded tuff z7oignimbrite sy ash
flow tuff| (gfq 45).

Arde (Svenite) ¢ zwfetorq sm@mes (Nephcline Svenite)

ARG @ (AIFIE AAZG SO 17 21T IATFT GAFNA T
[EAANT € GAFNAT (FOANE + @A Wem 2uRes Teat!
% YW ARF TRIAT 7 G TAEE T @ Tzedfoe-
T A EANES AN GIRLE NT | FAENILS
R AYRAS: 26 oI, *a% 7a 31 oikF (oAt ;3 @R
aiZe Aefaned e A s AR |

iy *Mm@. AR5 SR I[A [APES_-9F QAN
3 @1 @R T AYRES: (E BT ( T T SIS
Temen® afefeam AmaRe 3fe), o a7 ofF e oA
IR TSl TeE SHIAE e wevr e fae
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TRE GNITS, @ ATAWA TREE NETG  oTed T
TG AT I GOWIST S AISARey
Im-wy, (banded) weRr A¥Tsw (gneissic) oo foomeae
*1GHT IH, [FNA e IHFAMAI ST |

nhmh m]m Y TAMIN QAFNAT (AN WATE
orthoclase ¢ albitc gz Fa® waq | T ofa
‘homogeneous itic < P -

Tre *ma I perthitic 7w s (T58--7)
awmmﬁ‘ﬁmwﬂemmmnm.
ARG A SRG, WHF TEE LR R e«
AMA| 9 HI AAARG  “EAONGFA- RN TTHA  @aaT
FE=Rs e 291 Nordmarkite @afs @ sTetn  ARWWEG
MR ; @ 7y 80—90%0 ST TEG (PG CHFARNCII FAA 0
fnaanizﬁa g, wWeEtElas  srean  snie, lamcllac) fabers,
589 ©iel RAGE @I WIHF NG acginincaugite 3
arfvedsonite 37 riebeckite oRTe *CA 1 @3 HITTA *NAA AT
ratgiem eratel oF I zx pulaskite)

Larvikite F1@ts 900 16 A0 @I ARA1 QLT T
S0—90 w5 ¥ (WO AT €T ICIA BHI LA (AR
_gqf:f‘a{ Schillerized felspar) @ﬂjﬂ antiperthite  zefe
anorthoclase a7 oligoclase g7 w7 GEFET  TEEANTAA
AMTE.  MINTE C(EEIANA A ATS diopsidic-augite,
barkevikite T G THAR @32 (EATHCTIAR ST AT~
3130 W31 | (AN (I ARATSHILG AT (FeT ALHG, AP
| ATetarR ot s 10 @3 et A e Aaw
ey aerenss (Lardalite) zam z31 syl 4@ E o2
SorsTee T3S, AMFTEFLG GA CFTAGIAA ATE |

ARG G AR GFAEEAT AR,
mm,mm@iﬁw,mwewwﬂmu »ma-
GerEEe AT AR @AFen] e, ST TSTA-
120, w3foian ans ! GFrTEr FET ATAES el W AT
RS SO CEEHATE (MTRG) AMF saerierzor (oligoclase
.or andesine) ¥ W AL TEEFHEIEG O
e To5 TSR PNTeTa T — AT miateR ACS
“HIeH T
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Perthosite g3f5 sodipotassic leucosyenite, g7 sty @ rha
TR TP Y TRIBF WEPTE, Ay O SO ¥ O e MiTe
yive qie

Foyaite @3f5 nepheline syenite g sry  waEmaT
WA G IO 28 HAq AT 2/ ol T2
A K | ARTFAA-TMEG @97 oY P AHF |

Litchfieldite wzsew rielam @RS o Wy wiwiam
G T AT QAT [HAANT WY JAT QFAILG G L TFA
(M MEFTFIR) | O™ TTAANT GFRIZGT (T I AF
@R 9% sreea T9CE Teww cancrinite @I FAWT CATGTENRG
ATF | GR MAT WMIPF e (T (ATTOTHEAT AR |
SIS WeRT GNIAEN S Qe Iz, GIiew .8
»me®, Ditroite, Tire IEENES @AFNAT FEAANT WA
ivloraa et 2w T2 son z31

AieTam smamdea Seowes Si0,-NaAlSiO -KAISIO
(Quartz-Nephclince-Kalsilite system) (Tsa—32) @z Sty Tamwes
FA I @] system @ (HiGTEN  AWMERGT B T,
TSI T AT GIENET (FEHAAA € (FITIAH
FRHI_5F, (cotectic) HARrRg AR *ICT | RTS(1IF AT &
gl srem I 7361 Aigiew (nepheline) e FmeriH-
3w (Kalsilite) czemst wae geate e oo sifaance Ttas
IF | AT A RIS A AiFieag Sonww Nepheline
75%, Kalsilite 2190, Quartz 4% | SyATS: (FAFREHAT SI21SE
@t T WISTEN ATAG-ATASHIR W (@ TATERT on |
MTIGT BoTTere [@RAT T @ T CIMCSE GEFIE |
cgeR~ng homogeneous solid solution fxogz teat zrafes.
Tong oo Temm 7w A5, OroMmeF «rA @ solid solution
(0F OF TGO QAN (FAAXIAT AU Sl TS 17 GTFEA |
tgePreng exsolved zzx a%; *mee oo (lamellae) peat wa 1
(7 7eae widwe SnuTFeem (lamellae) orar @) 1

AT W N0F T T T IRIeN HEAAIEm Y
Na,04K,O zx SiO; (Tiferar), aw CaO+FeO+MgO a1
@t ore wemRe oamiw  (Volatile constituents) s
Phosphorus. Chlorine, Fluorine ¢ faz=1 raiifas omer s
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Zirconium, Titanium. Niobium, Tantalum @32 few-anion
yrgowia (Rarecarth metals) | gsreyert smamands wneca =i
@IBTRG, SHP, GIR TR 67 accessory yiaw A €T |

Leucite svenite smara ferdmizesa icositetrahedral sy
(A AF—OR QT WL TFH ¢ Wiwieaa (e e R
teat pscudomorph-g wiave zow wita | 9% AR APT WK
RWRge  Wiwem, siwnad, wizfsian.  sipusmge e
JICAGIZG |

@ GFAFNET AFAIEE 7 (A7 ATq000 DTS Q0T CHF
sfsgarzs (shonkinite) zemy zm1  ww3s, wawaw, wiates
@32 JMAGIZG «F 2y AT «@ae  rAiwieraa @i smEn
srfame Sofwets wa s arece s

Il samsrtEst An,,-., 27 TiztE isfaany gac st
FFy SEGiNE oneAcE a5 (Thelite) ara @ emera
wites Tamecfa e GiEswwanis. ar=Towzs. ufaten
@2 AMAGIZG | % 4@ oTerd ZATHIerRa eTaeny aNeArs s
oFE & FTN AArE wooe=rsns ((Peschenite) gar zwm @¥
Sle@ Wiba HF TAAEG A A wer lolite st
ARSI E w1 @3 Wy rATgten Sy e of esEE
ssatEn ¢ aFEnE] auferame worss Ary |

draige-  (Trachyte) @ ogenes  (Phonolite)

GETFVET AT FAPY Q3 AAAIL59 T Sowra Faiwre;
aorg S AeEE Gt (trachvte) zen @1 @ enea @S
T AT e e SRR aww it (1) «F aww enwrm At
wrtetag AR AT -AEEs e (2) 7 onem Ty Tiere
ooy, O N (IWLT AT o AR TFARAICAG A5 <
AT AT—OFd A TIFIZG (Ortho-trachyte) aam za1 (3)
gre#s  (trachyte) snera @o@merl rwes@  (AATGA)
CRATESS T2 AT 032 TR ST STE-TAr ol QTFNA |
CFeNCAE. TS (6 SIECEANEs | «f wETFengneLier aver
saffee Zema T PRAVZA FW TAFTAN T ANIE AT
Q& A3 A TR LA I (&fa-—-34B) 1 grar¥réa
ses Afwe ICALIZG. SME5 € TAET |

coATess (phonolite) azfs #e! onewa | @7 T igioa
o AT @7 @8 SnerER Semwe CATEieE HTERTHT AT
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fa2iaw dbe a7er »ne@ TZAR »new I | AiwToway
SRR ISR ROl GAFNAT (ARG AT, 3 GFINAY
MEATHF € GITPREA AT | @F  BISR *@Twiaices @
gl e AR TEPs fTAT oS |

@R @ FLACNG A (PAAATCHG—LANA AR
(nosean), zxraw (hauyne) eare »mz i fASHIES CwCAENRS
a5 TACHIRDTE FAERs, @R TS fAeHRG 7 Y
QI ST A o (leucitophyre) zem zm

wininy AweRe ¢ Miems sngam  Bewfg (Origin

of nepheline syenite and. associated rocks)

AIPIaN HAWIZG SO *MeCdd Oeoiq WY IS WA
faoss yimE To7er =ar zm11) Alkaline olivine basalt smsma
Topmat=e e (s 3 Nea {At S AN ; [@E TEAE
TNT TINTE R T e e (AR «@¥ 73N
TogimEee o7 21 ([Fe PG (IWAF WA IAN
7 Tofarer F=*F s et AT e @) | (2) e
TXCT A WG @7 Sorg wipea Alkaline olivine basalt syreras
wefur srfers (partial melting) zexm @ @iwlas ARG
LR A LeAT TS AR |

(3) r=wsn smerna fesmer magma chamber g g@aTAY
e S Gemurde ovre”  differential movement gz A
SorineE Alvs 2@ @ IIW AT TSR FAS AL |

(4) o= A AMACTRARE AR TGTHIECIN
(desilication) weffe THferT wATe® ZTGTRA WA «@f FTIW
AT TSR ZCS AT | GAIIACIT LS AWILG T ATATGICHT-
ai3s sy fafewrm wa lime silicate «faweriar teat zvte
FALATN AL, ARG (wollastonite),  «aferers;
Zoniw 1 @& lime silicate ¥famorier e@t geam sy st
TR Uwa Bom Trw desilicated wagmerte, eRT {SAT TS
*ma 1 e Limestone syntexis hypothesis & 731

(5) wigtem g s (o Thenalite) tarz faors
Z@m oen solution FHifew sATNTIR metasomatism QTS
A ; QA T WA WIFAF FAALG AEH oAT LS AN



LT AMPAT A7 109

trEeRs (Pegmatite) g3z @orare (Aplite)

AW A ORIBIRG 33 IS AW L§ oMeE. 9T IS
Tor &1 [FEHA ISR WHT TGW A (IR
JINELie My e SeedeT A (intergrowth) ope
S 2| LWIRG (' T, 5, A @R (AT A
FALDTA ~M9F 1 ARA (gneiss) weraa A AT | 7 AT
AMCAY TIWIF AT TGRS TR TR WH% FAAACRA T8%
INTBIENT ATHE AT | AIETHE QAT W A1 Lo
DI TARTET (FEAAY FECT AN AT ST QY
o, Gayiee (tourmaline), gorons (topaz). @tza (benyl).
goeazs  (fluorite),  @remTRe (apatite).  Teriepn M3
(lithia-mica) »fexr TE—ednia fa3e ¢ 72w fWaT 2=
(volatile) qs| semToE *mre {2311 QEel tin, molybde
num, copper, arsenic, bismuth. niobium, uranium. g3z
radium Zoyf oWIZG (PFRIGIZWA S04 AIGH I |

TETAR AR WeRT WG Wwle LGRS
s1eq T @3 Wy zirconium, lanthanum g iecc BERE Ll
tatfete spme (rarc-carth clements) 7as cerium oeaT JH |
SIRTGT SOTCAT SREAEA HCAN CAAMIBTRG AT MM |

o 13336 (0T (ART AW [ AN (FAACL Forx
SRTeSTRe A7 SABIRE *MI” AN Y 27 [ASTGTRTHA (I
ez g

@G [@Ne (ANISES SRAEA ATAH (UL T6Th o
fvgeta a3 @3 fafen Fve@ S9a reat st (Zoned
pegmatites) | T opereTRee Border zonc @ s Wa.
e *EE-Seeaey (intergrowth) wrem 7T AT R
Core 4@ 3G WAEF @R e wE e diaeay Zh )
FYT GAIT @ THREY QI grmia Intermediate zonc
aws wea (T 46) 1

goran%s (Aplite) we® ¢ a'-mﬁ: wALE oed, a3
m arEtienie T (a"otnomorphlcl oy TAYE) 9 -
WA ATRTS: »aqefaaﬁmmwﬁammm:mﬁm
(vein) 1 wigs (dyke) teat FA WAL @RS
o RIS, Qe (R ¢ I R TSRS
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(muscovite), w,ez¥G (fluorite), jzamtew (tourmaline),
oremer (topaz) Zemiv #mear |

O. F. Tuttle g3z N. L. Bowen (1958) o=t stz
wiCes 13 W Wiy sfae anes@t @ AT o
oo @t st e zre oAl o wea @R senn 600°
feala I TMTe TAT WTAW ARG A QT A~
AR AT L0F A, TIMWST LOIWHIRG JSAT TS *MCA |

fo@r 46

fexta TR ATTT aFB ARIED (TATIBIRLBT ofdw |

CORBRET  TRewmen  ( FTFSIEB—at NI 1R
CHEBIES—E N firgw ) € TOT WaM (ATFSIRB—2PACFA—
AW AR —wgefAF mwEe f6ryE) € TX IO W
TR F AXF @ (AFET AT ) WA ¥ 5¢ AOH WeT AT
oAfipafis Wirg (FTE E—naEsiEs crRBitty ¥l Wrfafson
ot o T x A x rdas =12x9x% 15 fabta 1 ( T. Mahadevan
@ R. Maithani, 1966 WgAITY )|

R. H. Jahns g3z C. W. Bumham (1957, 1959) sga-
IMNCE ~ATFT A WAL [ THRDT oA A A
e, IO TeH R SR S W WOH I,
mmm{mma%m T A OeAT T
% W RELT (FEem Sentw  qg (pegmatitic) cwEnR
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et I BIor R AR HA-ARY oI ST LR
FLI1 21F T, ©¥R (Fenine *wie 5iaa we (sugary) warey
@o@RioE  aem (aplitic texture) Pwat @1 FeeTES
YT WINGIRG {TAT  ZTe oM AW 2 Toreiae  omeR
wehreny afee 7@ @3 FEOWM wRv el I
TR | .

sy zenemta  (Lamprophyre)

0% WAE STeReTH AMATE: 55 T A WA wara
Sy SR SR FF | G TSN AT FA WEA MAT @R
ERAFIE WA ACHFNOS LT AT Al 9ed *R-
tefafter wae nmeteenTss | antes «ivgr i s -
5135, THET @ Wends Iwg—wd AiNweria RezgE WiEd
UF AT HIATEATR (AR ANS A [A [FATHA
WY FTACOL, Y, AT |

FNTLLAFTIR LA FD I AN F BesiTa--
m@;mwmmmmmmﬂwm’ww
27T A | ANGIRWR AN AT FFATLN TG 8 wifmiae
GF TCTTEAT TR SNy @3 gvFm Atz swen < s
ACHCIRG AT C'D TIZA ate (dyke swarms) ey
S WP SCTAT S orEd SerE W Swrad
TR toR FECR | @R e AL A 2T
mwﬂmemﬁﬂﬁmmﬁwm wierted om
SR RTTS @ ARG teA TR 9 CRAPS
2T AE | ARG LBrEgE  FAPLA T TS
S | Ty ST ST CFAATY €@ o TGIFH ATFLT A |
(R T ARG AR TGRS T A | ey
ot ¢ TEEeraiee sntafEs o o e M|
GRS @ T Wi o wewcn few o
oTE | RS T @EnE  ofem AW I
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MEANTNF 2T MW Tee Wiqg ek et STATg Rosen.
busch zererYigersr Fz0E |

aus qifes |« stdera CTNAAtY
«faw e eyts fada
FNANT | cTanety

ACHTBIRG - faas FIMABRE | @aArarEs
Minette Kersantite Alnoite

(caformt®s ores)

wsi1eD |93 | CoTTwAEs | cMvds
(432) sdrge | Vogesite | Spessartite

‘“‘g;:" FTEARE | Aot
ol Camptonite | Monchiquite
]93] (€32) ‘

aqferam |

Og peartiRe WE Sevien W (rd oneRenies o
O AT ; (X Y TIFIEF NI ARG Arsar ALweiss
RIS T ; ANTGIFALTF  ANIN, A STTARGT A
GR FNPOHARG @ TV_6FIRG YT (NI ARG A I
ITeE 2MeCad Ao ANETH RIS M |

TN CRATPIATT § oM (/0 SR ZLA0R ©1F WY] IR A-
T1% TWRT,, AFE, T, € FATH I TG SfqWne
qF GREH G} AT IR, AAFIRG, GUoGIRG, A6,
ARG @ FheMEG oAt T | APINE S e faverw
(1) SiO, g qw, (2) Na,O, K0, TiO,, BaO, SrO,
P,0; rw’t ameE, oo wnw aneerert wieien s symene |



NYY WYYy

N oNATR fawSrsaw
elets eles ot

fewtators (Diffcrentiation) ay ayfsnae

M T 1AM @3l T ¢ atewta Twieces
s@ (silicate melt)z sty (magma) et | seeifarey foe;
TFEH SIS NG ATF | (FATHAS Z0S A1ITT AT SHEF *MICLR
AT FE MWEAE TOHe »FFE M AT qTF CTHe 03
PMYTT AT IS A

@36 7w (homogencous) misry tewE WITIHE MY
fafem »nex ioat zre "mA1 @R is v @} aew zm
SHd AT T Tewaimaamay sreey 1 Magma-

tic diffcrentiation includes all processes by which a broadly
homogencous magma breaks up into contrasted fractions
which ultimately form rocks of different compositions.” (1.
J. Turner and J. Verhoogen, 1960)

Tifenas mmrnce antaee SR TegRimeemR  gema
rYTSMLTE FAT6 TeaT [ZTe 2

(1) =l AS=EBT ©FeT Q1T TN TIF N4} SAT Q6N
I sfafeSaria o focg sola w9 Algs e »ma e
AR AT (viscosity) (AT 26 HF QIGLNA FANEA N3X
wAy afere zW, <% @ srute o Ewere”

(2) FHe FHE T@ "M QI T HPL HIAFET-
z;¥ (homogeneous) zrele 31T1 ZEAW FWH A5, SIoMSE
73T wimerty (immiscible) o smrea ke sfare 0o
o | ety I T T 9% T @ R ST AT WS
e 73 Tl Z0o #MCA 71| AN GO @ LT A0 AP
sresr Sfaaerty e oM |

N FAT (AT AMA (7 I AW ST AW (0F TR
ety @ e Qi e T30 W A T O TS
QT sned e antAe e deat zre smat N. L. Bowen
TRt era= (8 AMTATS: Q2P T FEI T, I W STAT

e 25
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Qe S 27 o1 3% O 1 weerfe sl s otz @
srfedts W W et 8 ety w3@ oyt Teat Tw-
Te?1 O ATHT SMSAT LT § JA, Lo drorT; (Tom 4)

(3) =T Yy M T TACF TR AT AICA 93X O
A FRATE S TX O MY (T QIAFTAT ToNTH T @3
T AT T T ATIATZTS TS (A |

(4) A TRIART GF YA (WF TH] TP FA ST~
T,F 6 IN BIPE,T Z(A O WU &1 J1 [ AT oM 76,
BIPRE AR I, SIAMILF T9a (91T ATws 27 ; WS &d
€ SR WMl QeI Foniv HiaaiTe S AR )

(5) AT TRES A FANHNS TS IRTHG I LT
OFIe FAT (9051 (HerTe crystal fractionation zz&) Towwaiea-
N TS ACF | (FATN A O TG W (AF TR TIR
YRS SoTRerTA JND eI T ¢

(F) T TG SR N7 (FAAN A NYFIHT A
TR [0S WA € AN SAT WA HIPT 0T 2R | @3 JCA
WIS T O% ©IF FGA (FPAAT TN BEACS 2 F
TR AT WK e @ FW WFEiAS wWew 7,2 fafew cnem
&2t saE MR

(4) ToraE IR AP ATNE (FATHAOLTE AR ST
ro Bo Bo @ wiam WFls Few tedt FACS M

(91) (I BONS QIFT ST WO TFIA T¥R TN
FPIABLAT A% LW, SIRE (FAFINTAT IR ST o (AT
o SR e I T T o\ BwiRdt wewd fedt
IS AMA | 9T FEA S0 ZFNTHS W Tob SIomey yiever
TR qUF @ 2 SIS Tod deaT SRREEn @ T
Sy «f e Ay S A |

(V) EWEE o a1 Jfem faw (rim) ezt 2o ©wp
Toes (oS Wiwer ¥ Sovw teat iR Semww Tt
TR AR Wwe TRieum St oz T ATE AT AF—IRe
TR SRR A oremees deNiHe yiNtem wreeae (coating)
teat T W TIN TeUW WA TIRT T SINTSE LIS
WIRE S IW TR ONT @I SR Wy aryy T
TIMST LIENAS SO (o1 TS s (0T TW | (FIHE
Oorw W W SIS WA o Swet wRER deat
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mimm@aﬁwﬁw@ss@mwmmm
LF THIR (I |

antfacemes (Assimilation ) qy wyfafsn

SR SR S S0G GIE WA Wi e
el B9 T A (equilibrium) TP AT AT QT
RN MR v R[iw e 13 @ T WA SemE
T SN ANeFF Jowaa e (incorporation) qgd 1
QO TN ATRET 271 @8 *ruferm it (assimila-
tion) g

(1) 7rmaere: | am so@Tm M@ w@e 2@ Smes
100 calories 1o waqary Fare TR (2) s wog AW
T e QT @ 9} emAe fWw N L
Bowen gz Reaction Scries gz Trete¥ YTNT T A |
O3 W I I @ W enerad ¥y e @3 Reaction
Series-q oy, Towg s ez @t (T cam @7
W UL @I (FAFA (AT T@ (0F a1 4% W
& AT Ay (@Ew antATew, SnetEm) Gl seTE
(L] SISETE ) T »1S0a T1 Aeve 27 anerana e Taoe
A1 @2 T eI e (latent heat of fusion) sy
ARAZ FITA € TR I oUW W e @ Sieea
TN bAlRd € WAe @47 viwmme @FeiHe @R
st ofieg Afatwiee (assimilate) 3@ @ A6, T1emes
(FAPLAI AGTH SO WG oW WAE (Ie1 efammna
A @R O F T, iws @l Leat 7t (3) aA
TS (FEANAT Z0S AT TR G2 @anwe 3w myseres
Reaction Serics-ga TFTTSE A [ AL IGE, e
WEF GG TATelEH FAIHE Ie ! @ SRR
giw & wTwrEa raee Reaction Serics-q 3oag oz Tt
@we . @I ATETEERs,  CAAeER o} WemE
T GTA ST, TETE % T NSRS IE AT IAS
oA T, IR AT WA (AT TSI AT @oF
TR TNE T A0S (IONTHT GRTA, WwE S
QU YT ATRTCIATES € TR T3 ofe—aR i qo
@35 Tfem srufs aFe TR WESTR T MM @ I~
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o fer sy Twiae SM-emw  (ionic exchange) xR «a
A WMEATCHROT (FOAPLA IO STUTSL  @IT-STAR
"Iia'ﬂs W

a¥1iew mrwa fwmey (Mixing of Magmas)

for fory Sommes v w215 amomma Treee weer fafem
o Te® o teat zte smA1 Colorado (USA.) e
Ites San Juan Volcanic gamery andesite @ dacite sregza
T *OMATGITHT THIAIFCHT THAMNAT IS GioeT  oN1em
DI 0902 (8 WA AT T et 1S 7% fafem suemn
Sawars Tafere o @ Tafem onwg 0e3t stace 1 o3 Am-
Fores @3N Ao Taerer srufe ST IS T (petrogenesis
Q) TIeem AR | S AR |

sfgge fom (Variation Diagram)

AT TR OIZ OO INC WG AAIT IR
TP AT I A% AR W AARINE S
TTATD, WG AR W AR, 93 S
AMA @} WF TH W @B @ LA aFhs
sfmar (family) ¥ smre) W @@ w9, @ Aiqw
ORIT AEAE OAWE, TR HI MNAAT THD QI3
T AMA. AT AT (Fe [E TR yRaitzeeny #Ai3-
JTH TS #MCA | SHIZATIAA 0 A TRomae «fwsio
s foifatera (chamockite series) sneraa Tafors afee w3z
@2 oAz anioe (e @I T PMCEs AT T | 93T
AITE AAHAIFCLA 41 TN @ @ *MI0e a6 Tyrars
TF IO T AT (T teAt zrEve |

AT A AT SAMLIA (FEID IS ATIACT W
YRR & @316 sfaaew 5 (varation diagram) peatt
FA TH1 O3 ReT 57 eat IWe WA owTw WIS
sifzasstevrera (variable) sew Fae T I TSR
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A T AT Wivw A aemiae speegin smarze
RSN 7T} IR 2N e |

93T Fio o oo e S e Wi S
TSR 7wy IR Ty o (base) (T TO SO UG
o T «iag srova1 3o o wr Wl CE P T QTR
2y sAfgaete s Twerm wen (basc) tere Swer: o
T @ SR, Miws aR Alee crmss @etie JiTegin
Piam sarg fwee Afws 7w, g afewr for  feY TEM
T N TewnAie e @3S qmen o am  enfeoTe
Tocern (Palisade sill) rats wonz Townai=mmns am zam
' |

orar A @ SiO, WreTmoneray wyR 2 WINWE C%E
Toratmraemeag s Iy (90S AT, 9EF RN
mwg SiOtzr @36 aym wfmeaata wa Tona s
(graph) e (abcissa) fzome T z@ «3e SiO, e wme
78 SEAICA SMeAN e SRvea T @ zE) fafew

Te b

T Y
18- A, _33
161

%

Weight percent meral oxides

°T!1I;r¥11|wlv||vvvv‘|“f—1‘
50 =] 60 €5 0 ,
weight percent S0z

fom 47

WirHy AT iR s Penwicae «faada fomy (@Bl vE WM
fofrx =fi4zaz Bwrgaq | H, Williams, 1843, @7t K. B. Krauskopf,

1967 WFAIH |

BomeCTer weTA o Wr TR IRNCa core (ordinate)
9T 93T Tamr; Trea Toon s 30 ZW 0% @F16 S W
@ NE TS SWE TR MR 1wz won Tvew cet O
A @ S sf3ew fon (variation diagram) Pent
= .
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PTG, GCTHTRG, COMES @3 ACHENRS ~MeReriAy oo
YA GIE FAHIYE FAACIN T FH | Toem owwa 1aTem
oo o YRARIRE efaew trar amm (Tow 47) 1 @2
0T T I T ARG W Towaiem g Wy %
GFTG SRR T SRt totE @ seRerte teat TTe
MA @877 *x3eH Tor tars N. L. Bowen sty 3z @@
FIPAEE  (IOIAAT T OFE WATAG AR T (IANHS
Yive e fafen srReem wore 2w Ty @ Tafem sneasia
ot I aTe o '

"H @ IR AAIANCA AW YA AT € G HCATGLAT
ATeay AR O, 20T T

T @ W AT JCFTALIT AN ST
IH TAT I T ILAI SCRTARA GIR T € Y-
NI IR ANEE 0o A, 93 UH00 *AAIAE 932
emesta (kindred) sty Far w1 @f W @I TSt
(kindred) onerza cettmfes ferem—wwR WATSE e
GEIT TG Wrg e petrographic province & 2371 Q2T
TSR ~MF SONNF T ANT ST TS 3o TR
@iF petrographic period z&r 7|

TCTHATI WA, TN T AT So1d
e 3@ A vy @ WeAETAe (Tafaeie) e-sEeER
W JEE TGS WA SWMF  IN, 20T (A, SOG0F
TWe FAe W SWIF GNANEFINE  (cpeirogenic)
©-SNCATGAR AL TG L | P SCANGATE IoT ST
@& AM-GHATRG G —AMHENLS  SHAF(Ie AT A -
TLEMEAT Y AIE] TPLE A2 ICT JYTR T
(petrographic province) @3t s (petrographic period)
TAACH R QBT AT T @ Ol Toends ¢ wE-
I oMeE WEATH AT C-SATGA MU THad & -
A ITA | AT AR SIS 1 RGNS T=enss amer.
e s TNE P T T

WS TTAHIRS T AT AT AT JeT_- ST 7
IR WY A LS A SASAI I (ST S
Fo-Zetm cEuifer 7o 76 wafen coivs
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MIRTH TN 00T T @ ANY TGS A (erey
TR SR TR SEedy” L AT WABeS fem @
FHEMEH TN @ BT ATere Sed TWE WA (WS AI |
@ T ooy wARw facartwtee cawy oo ewReY
TNGE AT PTG TR 25,3 AT T, 2073 FF 6 BT S
@ TTew SHFRY FF ARG AST MX 1S IR (IS
(A6 TTOT ONCIF AU biTo A1 Taewr T, qere wfrar-
caias (epeirogenic) IR TH.AMIN IS MAI NI -
SRTeT I AfW AT SUIATeEE TiRw A e @i
TR TN ICAE | AT N, R AW
AAWEG @3 ST A6 X 9FUT HRF T I |



iy WGy
eitefo1as oftalzy ( Sedimentary Rocks )

===t

A SR A AT A ¥ AF (AT TH ONF AT
TR A1 *ATers Twem (Sedimentary rock) el @ERT FATEA
YT T T AN 1T ST o7 SO SHTISTa 13
I TIATSF @ BILP (ST TF, 177G AL N T AFSIAS A
TS THe I¥1 SIANST € B (AT T TYSH
I T ofa o sorm Alge W AR Aws Hfa TS T3-
O G 7Y, SR FE O T2F (IT 517 20T @33 SIeF
@ WS AT | 97 & @R g aew ¢ M Teq AATSw
20w Sreiere oneg oA T o (§ TR TRGE AR Bo et
5191 @ SIS AW 2T AT, T2 ATAT [T AATIe 27 A1
AT G FSATA AT WA TR LG 16 AT
wo7d Tofrafs o el W Hiwe ofd (T AEie
smem toal srufers Tefefgreemm (lithification) 77 eregl-
A *ryTe @ 2T

"MATE *MeR IS W2 ©nd oAl zWi—(1) e
YT @ YAG NG VT MU APS A AATAT M
IS oA, (2) SR e aeaias SUFoNad TA AR
o7 {RT Tre MR

(1) orgaE vt SqRa TR @0 I@ IMI, JHfa €
«fo #9n a1 wRewerer  (deposition) 5  «¥ smecerta oAt
zH oy teAt  emeEm tersst  arew  (disintegration) e
T I e 7% 2w Frem W = (decomposi-
tion) zem® WA R O W CoHTNA @ WRIEE
faarg (weathering) @ watea=ag (erosion) ww| @ #
s @8 WRIZE A ¢ FTASIN Higq AT G (T
. fo o I @ I, T 6 WTo 3% I @@ S
e AT 9T I 9% I HATenF IFIW A T
'(detrital) we@r aiorgmox (epiclastic) a1 @1 @ oM@
text 3z, o W WY T@ iAoz (sandstone) I FWI-
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*meA (mudstone) | @% *mEeia WS ¢ TAtecas
s okl B ) -

(2) iR Bwa 3 wfem sarwse zm oo won
TR WY ATF S TA—IRCA, ARG, TAtera, worTes
GR TP TN | @orfA ST GefaeTm S [oE
JYLFoAS  (precipitation) grar tert zHI W@ @ -
TFOH ILESID B T, (0 (F) FAAT I TS A
TE YR BITO,0 AAWIAG AQOR SULHA LA U
Tee IS TRTFAT TA SUCH | (V) 93T SHLHIR
AT WP WCe MM | @% o ARG T HH
T TS IA RMEAT TS IG S A1 07 & =57
TIOFAT WA CRF L&A A oerTiwe  (organic)
oo ARSI e (biogenic) sfa a1 W pmerma LTt
wernre 3T (algal reef), e 3% @ TER o)

(3) woreta smigeE FvmEiwe Somw, favwme: fw Sema
Ay =<3 ISA1T 7R HATSIAAT T (S (S A 9L O1F
T @ 5 TAW APT A A ¥ LA FAS A |

sfocs wure: To e o #4 Iw ¢ (F) Terrigenous
components, (%) Orthochemical components. (1) Allo-
-chemical components.

(3) @ty a1 Terrigenous sffel—7m 77 e’ SATHA
I ATZET WE PER FHISIAA A MATTE WA
SRCHAN GRS Fi5 ow TG AfET T A, TR
chafemm ofe @ e EEnw afe, st ofva 7w,
eniv i

(%) ST *fe—aZ ST Te TREA wAAE-
Fred (basin) e IPEIRS JULFLRT A gz zm
mmmmmmﬁﬁ,wﬁmmw:-
rwiers & 7ea (cvaporite) 1

(o) aERtETE sia—a? sfesia sRrwee w3ATL-
ey (basin) STHOTR T bea zEten Tevg o I
Wm@wmiwmamwmmm
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SRR ATYS TH1 T Sl AT A Iea e Se-
angs (oolite) Fewini

AFATANS 2RI o @A e <1 BeoiTe e ST
AH] A I AT BRI OIS WA IS
e & omeran Aoz TR w1 wEwr @ AT erafers
AT oo AT TH SNA FWRAY ST ACHGH | AT~
ATA *MATAEF PYAT ANAT @ WA THY oA HZCH SR
o € o S FAAe WY TIEW & Iw W
TRCFAT  QFIINS @ YT (FAA ST AL OTF AT
AIETH SMMeTAT AT @ N HI ATRCAT M ZONTT STl
A R AR oned Ao AEend Waee I T

@ 7 Afabeten sww ow ofeg Sevfe zwmame, A&
ApT TR @R TR vl wredtes AR ©F o9
AEATE SRCFCHA LITebrerier Tea : | SIReHoeR sifaca
(environment of deposition) g FWe *ATAS SACTLo
o7 o o a1 ofera SRUwHe Teme 7 T T
€ TP O1A W[ @ et (¥ *IST TH SHA SIS 1= A
(diagenesis) e 1

Fatm (detrital) swmerq So o Sevifemarera (source)
AT ATF A3 @O Hfe AiFAge T TR ASRE LI
reeTaTETn |

sofoe snutas oiqw Somne

sates et iNeeiens eNe: 7o S $3T T19 2
(F) =R w1 oIt «ine srfag Se cues et @t
TG () VeI oneraw arETAS fIEea Fer @ IS
WL F TG T O (AT AYVONd Lod dixomnia g
o8 sTaeria sy ofawen toat zw, oo g fReiw
ooeta oiReeier ArEwe: weEE @it oMt

S. Goldich s gwTeratera (v s1ez-13 (weathering )
07 AT W oA e iera sertaeed e ez N. L.
Bowen gz “fagwsm e (W Swowwemem  oRER
eraren) Terte
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Mineral Stability Series in Weathering (After Goldich )
% T @nathe
W=
MR Na Lt LAt ]
L& E 3]

SIAFIMY AN eTHR
ATAFI-FIAATF AmierTN ¥qcas
FrafAF-qiaetas i eran
FAAF AMer2A Lttt 44
i wfmfea

G2 T AR IW (TR ARG A" 90 (] i
teqY, rww Wiatew, wongs. avefse ke, e@r wmag-
TR AW AZCER A T T, AR IW <oWsF LA wiasm-
NI (T TG, FEGG @ O (P, ~1 JAg-IF0 Ao
AT AT AT T

@% P JUEEY IAT AW A A AETAS oerRd T
OZ3Fw @ *Taced faans (order of stability) @3 e
W W @ FW F ARG T0 AT (ofe T SI#Ainsd
toat wotwe (high-temperature  metamorphic  facics)
*1ea AT O e (@aa hydrolysis tz) sfeamn #0a
W I CPMeF tedl e (low-temperature metamor-
phic facies) xfas mem ofogens, @ aea =m@t a7

A @ ZCE (4 ST Hrad A 8 (%)
Ty (detrital) s (¥) IAEIAR TeLEoLAA WA
peaY (chemical) | oom  rweTE W@ TE, Tex  omerAa
SRTRINAT A WA Z0A AeH Wi rE LTAT TW A
STSAT T Cor WA DoAY TW1 @ a7 Hierd e
saza Tag (provenance) famwsy 1 @ A3 Wi favarew
& F7 AfS@Y IT AT TeA AT FATSIN TGAT Aa-
I ARIGA @32 & Jrer SwweE gty (relief) TR
fwer o1 AT IEAN WALIAR A(1A3% TR AUGFA
ozt SuTe ey fRriTe TER O W I A%
SArErE SRAMzawe  (Basin) & azaty we @313 e
oE G FSHT QAR o *rve (Tefe  sedimentary



124 TR reai

petrographic province) e 7t fatwsr 31 I WA
o s fAem «fweem a3 3 smwRer (assemblage) zx
O 1T AT TeANL A @F A GITEF O @RV AX | STRIST
9FZ TeH [PA IEF TN ST WHSAN FCA TR
PR JATAS I ST YT AT FH TSI 20 TS
WA o ol IAT wA—Tew ¥ Tafen emt «ivw-
v (heavy mineral) s (assemblage) wwie zm1 @
ot feecion swaw fifeny waem amaias  emerR
aFifys FoE@ Wy @aesm (correlation)  zEAWS
T IR |

@Y AT G ETFOAT TCA (SAT TR S SACHATAN
IoETAE ST AR AT IW | [P @ WiAE
tort Term FNEFR e A GERTE TR SR, ST STE-
T AT TACTIaT ST T [ | P I ATNS S
W AR o Fo (salinity) w1 farw w@ Oxygen
isotope composition terz *ETaE oM (3T TEAF ATFIT
ST ST [H |

*mfms nerar fafen ¢fawy

(3) o'y ofawr 2 3pvry WS T MPQS FFDNY Ao |

cwnibe 85—50% ( 1 “ifate )

= RTtAM 25~=35% (clay minerals)

gt ofier @

GIfanTEs (emtarty we S ) (sericite)

TS 21, *1 (Ilite group)

E L tEL L 3] g *t (montmorillonite group )

FTIEY &, (chlorite group)

CFATE 5= 15% (7Bt comaerty apNeTIAT (WTF (T 417) 1 B
1-4% ( 319 GAINIT &8 W WA ) | &F 0°1-0°5% ( AOHIe:
TIATHTSIET, % (LA ATHBIED ) | F1EAB 0°2—1% (*IF1A FHIeHNTTY
wy A WA ) | wigyfrs ot «fw 0°1-1'0%

W% opaque ¥IST (FAW—ITHICABIED. LTINS, A,
foratafys, Mdsfwa) T ad: wivsw, fpantfm, wHa a3 @l
W M3, aridiEs, wwEiEd, BEdd, afres, wme.
MW ¢ WY |
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(R) TS e : WIAIWOTTT WAEF TS X9 (V® WEIENIAT
T ool |

FIEAB~70-85%: FINARIT3, wAARAD, AWME -10-1592
ATTHAIES. MALARD (wruthw, 5tb

AOCES @ wad 2-7%: ANITD, feorarn, SATAYRT 9 ~BriAwn

wrtg—2—-4%

@WINE,  (eRtBIEs, PTEAd, nRads, wwebA, astans,
TRttt RITifed, eaaa, F5n, wemiyy ¥

FTW yiqeegioy
(CORESE TR )

FEABELIGE AETAF HAd T4 FIAGH AU
o TZANR SR ANAsArd wrewr 99 e, e A
3222 o @3 HAINATA T [ITA OHE e wAfFmns
REDT AT FEGE IETIT FAE qFAE SAFCRG
ShrETe 20T ANE R I GAR GRS (IS
HEHA WO G T CORAY LTAT FAE A |

T ATA—IYIATEs (FRGTIHA (U0F I ALF | A A
iEonerd el STENrA QuE AT F[eened (average
sandstonc) " CHOMTE S wrEEAr 12w | ST
e e Ll e e L offaaire oI |

TEe—E ¥ Sewm Towa «we Sl
rreY, WREE @ A A (silty) F~GCBTA TEH
TS I

st <= (Heavy Minerals ) .—gsr;Ta 2-85 @ga v
at setEe ey e (Sp Gr>2-85)1 & AW
ofzarey (minor accessory) eI it onwr 9rE! TA
A5AHT *reFA | Smem 7w 1, e 001 eRle ¥
o gu et AfFEriEE S e WE JEW
;] A TET I !

maaﬁmﬁ@ﬁﬂhﬁe{ﬂ*ﬁmﬁﬁmﬁ
me.ammmwmtaﬁm
of 7 AGH I @RS e (crystalline rocks) (@ ATH.



126 - ol eeRiam

TIRLEA THAA IN FA LR ANT, O Fewn A M wwE
HFE (et TW @R TEILTA §%xmer 31 31w @8 “heavies”
T 1e AR AAT *F (AF HH TEHA A ALA S,
TRt TRt YTNELTA TR ee ot ¥R AL iee 3
B W NARFE (AR | 98 799 090 1790 iR feriag
FATGW, ATRTI @R TRCFIN Fed, awid «f Fhezm
JARA TG A"eI—arF e 2% reworking of early formed
sediments.”

o TR T ST ATHG AN NG Fe (F AT
FAT ZCE, O oA T AT oA & FHATACHR (A ATNGaT, 161
T 30O MR | @8 [t serax  petrographic correlation”
A W1 TR reworking zre ot Afwen fafem Sew e
T, v correlation 7 *F FCE I |

R. L. Folk s ¥faesr fons s onsr faow Fcawes @

(1) Opaques (2) Micas (3) Ultra-stable group (4) Less
stable group.

(1) opg a1 ero@ (opaque) yiqg—ert ¥ive 7@
WY QNI TMATHT AT (I QT T (IR G T
T AT ) | LGRS @ BoWSIRG @ Doty 2T «iers |

(2) s3F—wria ot e we SR (oF ©Te IR
Wz SIENTeNd HE T | el JiHE € MBI ATEiad
oA ST ARG I gawe T FWCS AT AT

(3) wrEdr-coae tael—a® wrice Tite FEF i
e TIAI W3 WO YW TG ¥[Z AT 8 IAFF e
'IFTEN Y AL, O] @1 IRARN reworking FrAe aﬁaz TS
QI | GG GAMITEN @ FEHIEA ST A& W 26.F° (AT
7 I I (F) T 9 8 (IIT) AAHAT TH WCHR
(V) «fFeacia smem sz smmias o IR HIY-
S (reworking) FE OONE | FRIEA R, (FACR NI,
arrer, (oAt @R Tewm o oret inclusions frex 3%, @
591 TR | GFANTANG (A 3T AFET TS AN S R,
Preadew, it 3w m @3 e Rfen w@ew
IR T 5 AWM (AT SR A 13 4R ©F I FA1 AW |

(4) wamEt rl—(F) MBS OHTAE oM, oD
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-

N TATSTAS #0740 A0S MM ST 267 (e Qraa
TAPSIAS #MleF T4TF SR $30S T | X LA IZ; SR
T | AMCADA MR NATEN ZH—LIH (@ MAD [ FLoE

B A A T AR A T W GO
FRFATER 9@ W oz o

(%) IFWRS, THAiEmWRS, eTHInRy, et —a}
yiqgecia TAreiae nug 1w AR @3 s TR
ZeA FW SYrEIG TF |

() GO FIACHTEND 3T ArES A L
CYIRITTE AeE (QF A | (WO, 16 =T |

(F) ZH@ET ¢ EaTam—rammis west @t @
FEAFARE € TATFEIIC 2193 T3 (S WS M3 |

(8) QOGRS WAESINE (T WA ; TESEAT |

(5) waten ¥ @) aa WRKeTH W9 IE M
wrte o0 AE SaTen ATedT (T AMA | T [
¢ AR BN oed WF A |

SR I AR & (FEDe ¥4 SE1 e’ sffagrem
Ay AT W REDE & T= A Tt AW aF WA
sffarizs ! :

G. Rittenhouse wiataEs @ AMATHFS MAN WA
*(f7aTFA ANE Q3FIW TH |

= fwammgia (Clay Minerals)

& o «FTs S TEEA e T A 0-008 fate fare
€2 I\ @weﬁwﬁmmwmmwmmm
mqatwhmfﬂmﬁemmcaﬁmu

o TARELE TRYE @R R friocas TSI
@ ga et (Kaolin) H,ALSi,0, @& PR Ciy]
(Montmorillonite) HAISi,0,1

= TR amweria I T ] (sheet)
TR e GG G phyllosilicates 1 % shect @2
my @Faew sheet XA Sitt @ O Trm Lot tetrahedron
T e @ W LR T Al+ g O 71 OH Ty afioe
octahedron fagm ezt Kaolinite @ @35 octahedral sheet



128 . angiae eredtom

tetrahedral sheet »@omr o a1 Montmorillonite g
72T tetrahedral sheet gz wray 3T octahedral sheet syg-
G253 % 91 Montmorillonite 7z “expanding-lattiee”
clays o g7 @9 @3 layer o feors a0y o o layer ofoe
wpie I s *MmA, @3k Al «z saw Fert) Mg Zenfy 'smam-
sia (ions) 53T A |

Montmorillonite (AlSi;O,(OH),) a7 sz (layer) sfera
sty Kt ot seaoiia (a1 (oaid ©ng Soed AEF | ©dd
o ofwem qa wERRw zE—arw  llite (Ko_0Al
Sig-gAly_3)O040 (OH,) M TH! F TRRES IS T0Y
TEPE MEINSNI MIAN TR, 95N 9% 798 @wwe A
R. Grim gz 3% Clay Mineralogy gwar owaree

siws srtaw o= a1 wowow (Texture)

e SR (iNE SAMWALIAT T, TR 6 T
(arrangement) gz oFp1d (Texture) 1 oo AT T 1 T
G WA IS A Lonters, Temazer A Cemartw (porous) g
o fa wasER faaa  «f ete emiwfesr wat A
W T A s A Te E @3B 22T e

s 1 SWRer (Sturcture)  w@e 7T WHSHELEA TR
GIEATIES ZH | GIGRA (I GF FIAR ACH W) FAR T
T SIS I TN O FHPORA R, frewr w3t Tew
IS I T GFGE FIAGE A AT AW NI THA
A T A TS WA (M0Y, (o0 61RO Al T
Bwrew (outcrop) ey A1 TMS FANAT TR |

o ar towwow (Texture)
taw (Grain), syifitsr (Matirix) ¢ fogee$ (Cement) ¢
7g; FT A1 I3t (detrital) srerters seca 2 o

A Y T AT o o qemGie 062mm @7 trw
3w wTor oo (Grain) 1 qIaT I3 AR O THF A FLTA

—Toerfe  FW NCUR—SXWd ¥ gW aigw  (matrix) |
SR AP ANRS: @@l Fowar (frame work) peat



for 52
TYRFIABGEERS ¢ 3TN @EENT ATAT R @ SR ¥R
Ty SRy TTNI R E-Tw-s avmaiae SemE SRreEiae |

TG W @ omiae Tee o1 oot @u = el At
e 1

f5m 53
YR ¢ I FENE 6 (PIANE T ANAE WA
Wi ST q1 SIS | AR ST AW | FREA PN |
Tore N W9 )
(Tsw 52-54 : x 18, '=erw +)



5z 54
TAACTFT *MeF ¢ ALIMNE WiaT | FayE iew armaty )
(fom 52—54—A. K. Bhattacharji e =n3s trm zTe)

fsu 55
Pemifis eOW : Dol wAULT umIER  bIRM
T | IRCH DO | W W SeMIWBT IR TR FNNA

WINT S |



oo 56

o1 57

benteTy 2815 (intraclast ez YfeeqRET
FHR OIS T ST NS TP )ﬂr:gf e e '
o 55—57 3 Tafowmw, ew
e W, ST FANMH,
1975 ooy 1 o 169 qiemer ) (B. Sarkar,



f54 69
o foRsss e wwe (Great Himalayas),
Tewmwza  omvoren Torawaes; wwd,  smen oRAER 6 -
wen e o1 wRtew, ofa sfaaze 6 wowerow TKiew
siaeenia &1 Apollo 7 srem s azte NASA
12
(Span @ USIS w7 ciien) |



f5g 82

TAFSIAS WA Lo IFINAC I PEGEFES @ 0o
sle, [y ota Ao @ bfe U TRA Foa o1 ste ¢ S

THFIEE—519 @ Iy 2SI I8 ool A6 ZCRR | M3,
i)



f5q 83
FIWAZG—THATTANNIZG —EGIZE ToF6 2 TREWA  FEWILLGA
LATA HIVAR TFCOTAE Wil | TATeTiaIZesa S8 (e Og |
il wifeTear fzwem (X 30) (A, Dc 1951)

el sRTerEmErs ¢ MiammRtng MEH (YTERE) SreR
@ Trerfe o FEGE, A WEHAAE G TMACILS &TeR
TR | o weE, SieEmt (x 18)



57 S5
MEANZG ¢ Ta59%e e WAt 8 WA rvee— (qE
FASH) IS ARG @ AT TEW WA ANE! DS
RIFAFTS TNTTATRT BTHema trana 1 FRF, IO |

FRAATGNES ¢ ARESTRE  zem wEETiEE onem
TR ETe G-rnmaRs e PRm weTE FEmmRe (@TE-
UT) WmR 1 FRES, IET

(Toz 8588 : x 18, fxr® +)



fsu 87
T—GTAPIS o sootemn  wWE ARATE e
UT AW IG AT S SR TrrReeR | e g |
(B. Raychaudhuri o sen%w rots sz 7)1

&g 88

ARG ARA T 3 IRWE, “eote@H € M AR
MERE e deRY WA AW AWAGIRS WCE | ST,
wteem smerem: (D. Bhadra, 1974 zire)
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A A O AT eFNF ITA A TR AR qAE
eRforery sie’ 3 matrix o7 @Y W o NI AT
31 pore space «3 4T ¥,20 Ty ete” qiew 1 Compaction gy
yifer s | a7 1 AvTETAS o Serwtee feoed o
g’ zm T |

o HI FH MaTas Mo =y, e eI FHV
T FITHT FAILTA HAPAT O TTHTRIAS SO SIgs-
rrfore TG (cement) Taea comer 9Rte MR | IR
e PELE INAHEN IR ¢ A frw tent oW
Tttt faer—aan v oier ol (e oo FIre Iy

rmemfafe (Porosity) e siafwe¥fafwifd (Permeability)

rTeT AT CATATATS T Aifer FTHg WS @ MR
A TSN WO SO oATers omeeyx  fabric g3
Y5 pore space OFTH PTATTHA T AL |

Frfer NCEa PEATAG @ 1A W JE. 39 9TAT-
Wy @ s e W3 mAE AR 97 v Taew
. P

oA A TEEEE MU T FACGA ATE  2RARCE -
fcatafals a1 smafscafefaf™ smafas w93t e
AN 1 IR 9T TR, ATNE Lo, M @ FHAA AW
foomz ez swtates aaemtEer 3 @t faea I

rvfafats (Sphericity) ¢ ar®<szax (Roundness)

#foa W TR AL (N I (YCF FOUT ST
TR i TA WA CYIAAG IS WA AT, GO ¢
T, IS TR A [ GG, AR 97 So@ WeT A
¥ WAy tuert-faem o gm mw (1) e aew
(Spheroidal) a1 sargfe, Szn6 (Equant) (2) foon 7%
(disc shaped) 3y Gy;ewa (oblate or tabular) ey s (rod-
shaped) zr Tergmio® (prismatic or prolate), sqeen ITea

o1 29



130 iR ereRtavn

5w (bladed) | Equant g &1, 56U € ¥ ATN TGAH
G FA EET TCAE FIRIINE GG Q7 CRIATATS

CEETHT @t
@ﬁm @H-i‘ﬁ!ﬁ?
\
coRfal %
fsg—58
“forx wista cofafaPy fafen m

Y3 (1T FOT, WFIA W= sphericity vz aw e omA
(o 58)1 =w a1 waem @ @ TALTA FEE e
TS AMA—AMA (FMTa T 4RoLTA @9 (98 0 A |
SIZFG AN AARCT T A

YRR @9 A 4RATTE Feqie et e 8cm wiee
@ MG e I3 o e 7@ roundness | I FOEE
BTet (I 7 angular ¢ I FUME [A SIS
71 subangular; <geanfAs a1 subrounded @ tanfers &
rounded @ %3 TSR toMTiere Zra FAEeniare a1 well-rounded
E eiare «a® sl teertn roundness AW e (oo
59) 1 @7 sy Fioeer i roundness 3 I5TN I |

ool e I’ w5 fafem sga1  amrm enea
ZICT TS T0S 23, (Ao O Te¥ FAFA | WA AWS
TR @ WP AR (ZF Al (T AGTC AN IFA TS ATA |
@R BT AW 8 WL (AR W 3% ANIpTS
(equant) | fawg mIFT 771 FITS @ CNEAFE FAT HLATAS 0
o ferorm oTpT® ZaTaww raenT crystal face orver FioS
zR, oy wE @ Wi Ariee e WM apn
feremivs oFRE Q3|
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*mi®e (Packing)

AATEE MAF I FFAW A A TTA T
ZeTR Y TIPS AT af WAl QT T8 Sy A
FI(TAT WA o (FONR APGHS AT OLF  AMIR
(Packing) e zm1 AMRTEs HIAGTA @16 TN LeAT AR
G2 PFIY T IZA I} &R FprFery  (tangentially)

a b (4 d e
559

@tfrs care Funios fafen w3 «oa wist (53 58 @ze 59, F. J.
Pettijohn, 1967 WHATY ) |
B AF | GRS HAT A AT Fiw itz wrerm 35%
ol ATTA T A |

@OIR AL S sfAn weia v Sem warwiers
Z7 = anonieesa Tnias (Appositional fabric) ew @y
FAfaE *era @ e enafuE Inias | ofea e ta sered
LT AT TG G TENHCSA F JHITHE@ F1G I q61-
aieR o e favem face Wi e wma «dxe oWy
aTiZeAgTere (anisotropic) gmufazr  (fabric) e gm0

wwas Twe-fafwszr (orientation) a1 erarer =n3romgieors
(isotropic) mmfas e zH1

stfery W srfamy

e oy Fmsiam, aafon e werfdn smwem omeras
ATt AAGLH G (WEF AW B/ IN WP IR &
ey o (particle size) e e coairs (series of classes)

T IA LA INLTAT [ WG LD AT 9T AR (0> WA
@3FE s Tee zemR T e Wi Fewte faiwd
caert T I awEew ; @ maeMeriene A e mIw
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fufin firdty

ts

|1
i
313

il et
eTAB ST car® W
( Wentworth grade Scale )

258

Afexteey oy atx

(AT Boulder

73] Cobble

84

1T Pebble

AfABN Granule

atten
Gravel

9 TG A Ao

Very cosrse Sand

TG wiw Tfer
Coarse Sand

0’5

wtatfy wtal atfo
Medium Sand

T,
Sand

0°25

cel® i wtfor
Fine Sand

0°125

47 (gt wiqt atfo
Very fine Sand

0°0625

0°031

00156

0°0078

0'0039

Tg M3l s
Coarse Silt

Tiifa riwt faes
Medium Silt
ogt® wmat
Fine Siit

47 cgts wi= s
Very fine Silt

Latil
‘Mud

000006

(€]
Clay




sifern wera vifame 133

(grade scale) } «¥ewr eI o Aoy (syste-
matic) sffgmer ofre  (standardize) zzare, @3ag size distris
bution z Fiwmre wEFwTa aaite oy T HnioTo-
Fye (Statistical) fapesige F31 F7sq T
G% 5 @eerza A 1 W03, ¢ «3 il tas sz am | sigaw
(-001 m.m) zTs *NCF | T @TOIER N & For 10 evpogen |
OTw; TR R siiaace” logarithmic scale g e oo
teat w21 7@ 1898 e Udden 7 oo o=t ot A
Wentworth (1922) z fog; sifadfes waq a3t @} =%
7 e (scale) g3we opias Trg 1 O oA 1 Tafws s
waes 33 L. 1 Benin wtvrss, weatwes 1, 2, 4, 8 Soniy Tastas
O WAIR WAL S 1 T SR 3 A 2 wwems
(ratiogz ) o=@fs Tzat (o= 132)0 .
N

>
R
&

Fregency histcgrem

50%

A

25%

Percentage of entire sample

4m™m

5
>
r
n
$]
3

fea—e0

“ifora WALT AFAAHAT BUFIOON FETBta= | a¥ (0¥ TiRW HITrSt
W It Ny

@3t Toafs o taeta 3w (fragmental) srfom
W E1r Ze gy Taetn: 93 <o v (mud), pp -2 T
syPe e, @ 2 T «a Sona oy awem (gravel) )
o GO (atFe I T MRS T PR TU%
Twea a1 Calipers farg srfem s%e snon zw1 0-062 mm »wy
Fomr.ions wFA (screen) fumwy ek Fm w1 v 1 IMA
TS AN FMLIOCE pipette 33 hydrometer Tary sgik
W, IR FAIGIA SR IM B 13Ter AT won



134 AGTAE eresataan

W TICS AT | AT FMNTONT SLITP I0WA AT
micrometer scale fwzg srom IR

4TS FA e wIeLTe 3T, ceete e Taew e
(o W% s%er I@AEST 36, size frequency distributiongzs
qiise® faperge ar mechanical analysis TA) | @TIW vt
fqerr e@rew? @M &ty frequency  histogram  rerw
(T58-60) | wfare = Ttace o7 Fwa ofe F© wworw sfa
afels mew e TweR) @ Cww TRdNTATSe  TerTamy
(Cumulative histogram) o2t =z sH—ots oo

[Al
100% T LJ

<

Percentage of entire sample -~ o

~ Cumulative 255 5 1
Curve /

§

a%J ---------- .
e~ B
Camm 2 ' '/2 ] , 03/:: Vs e mm
Geometric mean
fsx—61
ffg vty AR el o |

(54 60 @32 61 C. Dunbar & I. Rodgers, 1958, WAILT ) |

feoram g% (histogram block) 7 v amfweed  wontel
7T IR O AW Q@ I TR (Tou-61) 1| are afe WEw
DTG q© ety T STE CILIME ©F (00 I8 7o
ORI CAE TTAd orewr zw1  Cumulative histogram
block srferr s et waw w0 @ @ oW zaE
OF JE ARt IF (Cumulative Curve) . g7 otz 53
Wi¥eery Cumulative distribution ey grg1 st [TIT
(Cumulative Curve) gz 50 wreyesr a1 ¥ erEreI !
mtfﬁwmedxanmmqﬁaww@#‘mmmmwx



smalors oM@ oA 135

#9at a7 (Cumulative Curve @1;[) Bom 25 g 75 wrome
fowr; 716 e e @t Q, and Q, e @ WRW
per  IoF (size frequency distribution) rerE  efom
Fomlar A0 oo ST AW

(1) or5 (Average) g7 srfaarsr 33 Tafema 50 percentile |
07 e S g Ake, 7 ceret Advem RS Y T

qA
(2) wira aerd (Sorting) gz erfawrer zer coefficient of

sorting =\/ gi’ | Cumulative Curve AI3& I IS €O
1

Sorting @1 Wi sfawref  ¥¥ PRI IAWZ TeWM oo
coefhicient of sorting 1-0

7T O0% 0¥ AS. R qE; eiive arieaa sfanced farem
(size range) Fw zm1 Y Fize At swggm Afew
e I eEreny e (wellsorted) w1  wAm AWTEA
fatery e aiferm ey Sverea Ao waweww 't o/ I}
AT WA

A -FT AWTNE AT U

@ AT @ FHF I IFAT o Toew ot W onwa
DFGIR AN A FIB6F *NUAT GIGLAA T TF ATI AN @2
YA ATTA TR AR AT CFRIAATLT (R A AL

F-Foe omrEa wEsm IR afemy deat zm—(1)
A RIS "W FAAA (FAHF AT QI AI}E 04T
Tfgma wo eaw; (2) qr Awfsq (aggregates) sy
AR ety e T, (3) o et ‘

5AIMTTIT @ GLAMATZGA CFT @32 RS nARs Feniva
URCE AT-FOFE DWER 0w wmEene g3 @ e
A7 TIAACT WCENGAT AT TTWE |

oinE JEIR 1R

MATEET AT Feraa SoraTe o 5AT T 1 @F orefare
I T LAE IG FEWE AL (stratum) wemy tzw (bed)
XA | 93T AW A 3T TT I A YA ew T
feares Ty (lithology) =y ook a1 W} F@w MWTTE



136 o iae wreaiam
W @1 I @ fecia a3fon o WIH o SRUFH

oy, toat TawR | _
% CIeTeE (et smeen o ayiiwer (lamina) 3gEvi
AT ANH IT FIAOIE WY (I FOAHR 6% AT W AT

A

A) B 73S 3¢ wiae; B, C (6% (R 3@ 93134 ; D vife-
ST STET AQ (IO HSW WT ;. F santatad o 3y wif
Ay (o
A @ X VA T AND I AT NEIEE AT I

O TN WS ((AT) TYR IW M| AYRTS: 936 *o7 [
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@5 (bed) = e (homogeneous) g (T5u-62 A, E) |
T FW FT I [@C (A 9% T3 GIGE 6 S ey
TS ACF, (WG] 7T 7,159 4] SHIR ILA (5N A9 TH | (T4,
ATAPYT @ IS, 5T € T | TST,TA I 39
SSRAT WYY I PTSA] 76T YIRCE AN, (I0 AAMNIT KT
rErg smeen eq (T58-62D) 317 =@y ¥R IFW W WPe
TN THIC AT AW | IS G *(133 Srweq (outcrop)
FH] IAA AT AW @ FAw (homogeneous) »nurza e
wREiInay (weathenng) wm fafem sesrmm  fafemen
2P M1 TYA OF(IYF [@AWT BA 7S] TH |

*e3 I AT W FwAwel (homogeneity) sxm w3
q WSe M. W e Aieg (graded bedding) ww
e MU Fo@ R WE 3w T AnE e Yo Twew
TS AowvTA il T (Tom 62B) @ Beram weoet 7w
T E T YT AW AR (W O 93T (RO A4
T I AR 6 WTTF AT FoF T WA, @ [F@ @
SRR TG IG FHaATST W6 ZH A1 (TG ATGAE =33
T A I TS| (T @ [F0G e A SI°f A
za (Tom 62C) 1 3T Fwommas sozm g At nea
71 awee (gravel) erew (lens) S wrwes A (T55—62F)
g AITCE W e 7Y A «3Te @ W

a3l =7 uF Tom Seum SROFIUT T 9T
oA AI6A HEA € IMIAA  ANSH FoH WACH|NS ZTGWMA
WA JAPYR HFAST AJA IA| LT IR F5F
TP JICHINT AR T AT WA FRE MRS
SHAF YT THI IR (541G TS L3Peredy o7 (30e oA | B
SHIA UFEE 9% IIW HIIRCA AP WA WA AR I
S A, 9% AT 797 A O GI¥Tq TACHIHS
Z6WT 7@ WA FTT TACHINC TCAR WY1 e 70 TIALS
I AIR]S AH, AT T8 7S SROBOLR TG IWCHH 1
time gap fewr =@ Taers a¥enI &= (AT A
#a-zafex (Cross bedding)

AT W TrEd [ AN TSR WROY B YR A
7IT ST THIR I]A B A 37 o1 700 Rk owa Tow opwist
TIY—a% 339 7w Rt 1 iR o (ol



138 RIS 2reaiaTn
7w MNF INAG Aok (current bedding) zew awy W

CHCST AR {SAT TR G¥ FIW AW AUF | ARTS:
ey o Iegier IRER a1 ¥ (3@ AJE I -
RAfee IRTT I THV)

@30 Iy awt Afge ofa SEweEeR TAw I w
ofer TrRTwer S [ CIETE AT W% A GlF FE-

foq—=83
T AR FIWCTT Boorfe 1 I werm Bor (B (¥17 (B8

Wy % Wt Jeufg

on (Foreset) zrar1  wmg Sowwer Smde W@ SROWIOS TH
o /W o (bottom set) e bW oS HowTE Foq

. Eooee
ONSSS e
A

fog—s4
Tt TR e ¥ Wty vy fapry )

53 64 A~ (7f (caxw wrdrraTartenEs ey ercw ) )

foW 64 B—CaTTT (AfS2 ( AW cr QWA oMerw 7w ) |

( E. B. Bailey, 1936 wgAI ) |
ﬂﬁammmwmmmw’mﬂem
0} TR Sera TN oG 1 3o Botire a-reias
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G offe Arep GIATET TCH TACHINS X G FANE RO
Eota TIHT o ANF I 9 FA S0 (3G (topset beds)
teat Tm

IFA REAT AR AT Ie Fo-AToR oreT TR
AATS: 9} F-RTSR @7 ATe (AT TH W3R I, 2RANTA T
¥ IR T MMT 9TFW W IS 9T Wy 9F

WF® eT Afe Ao Afen wd v e e M
(T5a—64A) 1

oreE @t (Graded bedding)

AT ATEATAST YA FIHF A6 A9 (ATT TAR WE
E Sv@  fwee e et z@ (o 61B) 1 wrv  ttow
@AIieR JA1T G 0 (WHS @ATB AWRAE:  IT; AT
N ACT WY G9R IES TER TP T, AT eI
FPH Y (A ATAN IMTT A6 NN WA CATS
(oraffels #z6) Tww wRe¥iore zwi L. B. Bailey
(1936) oo twietaCes (¥ PW-RTRGF A *MeF @
tTs @Afemy e eme@ Wit e’ ffen efaaoe e
fafen soom =@ sRewiore T GRiRTele Fwas ==
SReHiore ATA-oNCA IW-ATer ©rer rar I At P IL
Kucnen an:l C. I. Migliorini (1950) mwftarex o3 (1) tate:
T FINILTA TATH IS @ B3R W e Tem Ak (2) wrR
AL FHT TN, T FOCAA ALY SOMTTYT A FT—aR w2 Farmaw
orafafeis Fnas (T SRCFIT WA T FTT | I
(0T =LAT I 7T TATe1h TAR W T ANC6T LNTT =T0A7
Fomy] v TATE e S AEF 1 (AGTIT G AnA-
TR @ TOF AT 56 AT @R [TTT ATGL T | STaeAEA
e oo @ taeTF T WY 9B (AMTT (ATE A T TH

sre° (Varve)—omg T o3 @RSt el I 19 Ty
UMY} ATTAT AW HF O AEF | @I TTIRATY EerEA
TR OUE SACHIAE W1 FTINA @) aera [T e FA
IR O T 6 1A WYY LT G WAIAIEF T AT STes
TArETaE TF.  TIRg AW] AT W @ SeTT T emiiare
(Suspended) o1 sTeFTe IYS ZAA HI 0N SACI T



140 i ersatam

AX5 N SROFIANS TH!  GZONT AT (MGG (ACH TS
9% el ¥oF (AT THI TR X SHST G TIANS A6
Terg 25 fasfas (Fine sand) ters 39 7171 oe A1 @3 @omd
IG TAIGT 8 SR A7H] TAIN,E 7,2 IR ©F Iy TeH
7 $SAT | SIS @ w8 It T @F IRER w1ia TWew T I3
TR QAT JCATAF JROH | TN T, STETb 1 FACIHCH
@ E e TROGOH AeT e S1F WY O AT TR |
S AT IAE Ny TTEed AW TS A I

e *NMUAA ¥ I A1QI I EA-9F o F AT S
B FTE AT FSA T ICHS a9 94 (Sole markings)
R AW

(l”') w3 swor (Flutes or Flute marks)—smm sz
e HEI TN A I SHTFONS [FE, TANC] AR &)
o1 PR Siewt (Remm e WAy ST {ed1 TW OF Bl
FToene W T @ TIA AT Tb; b TH @ SIELIAR Bith
PR @ TS PG Lo T GTF TP TFEA A | (M0TY
Riey afar smcza <o @ 39w W T

(2) omew (Load-cast)—zfqr »nem (Rrem s
HGTFT) I oW TP JACHIFT I, IMA o3 TA
o oA [ LA (penetrate) FF1 93 WA @R
S ATIG IWT FSAF S T AR FSAFCR T ia S
e @ I W1 9R TN WNE @S ITHS A& |

T T S —  —— —
-

foa—65 A
"% 3% ( Load—Cast )

s wow (Mud cracks)— exem WG IR SerEA
SRHCA *F I g TR T @ TR O w9
o G O IRCS ANF O4F IWPSE FHA (crack) TR
) % IHA 5 SR 6 AL TR W a9k & crack-
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O T AT SN SRUEMET WH AT G LW, SrHY
Tz i 31 af Toriom owa e Y Geur T
s e A, T

i@y fow (Rain drops) w7 @ty wb e 70
Fiter *orag Bo@ wer ALY TW @ €O AG T IINE

fsa—e5 B
FITIT #1821 ( Mud cracks )
TG A TACHAT T OIXGA @f € TS e
ER BT (T TW! IMA ILA @ IO 5T 9¥ 73R
@y SRCFICR TRowe I

o s (T To%) ¢

AR (HC AT SRCHCAE 2@ TeTT ANH A
FAMLIoNE AT e e w3e e e Serfaener rens
0-97 T JARPH LSAT W1 «¥ EWSA vz iar Amm@ers:
AAFSAE S AT LN FA TACT A 7 HAG AT | [FH
A B @ ToToTa ANwSAA 1 ZCX HItHa A T IFIE
ZH @ 02 % 31 AT @zt 5% (Ripple mark) &
T fafem Soem am viace ram zwe (Tom 66A)

AT [qF [FC AP AW a% Taonea oo I s,
g tate Sfew e Wen o w@ @t Tm Taeera o
T FA W T TN QT I, (0T o AZANH HAGEn
Tamr; smve g TR w3 o3l amay s s Taw;
LT A O, [ srmee wowx over (height) zer 3w

@ 73 azAt Tor oo EUeR Wt IR tEwed
ora teat zrs st F. ] Pettijohn (1957) mofwramest o2
Iy F04 (7 oRAT To% o Tw g e Tag werares few
teat @zt o e (R WO RN ; ARS: @F e
T e ¢ Tber uT Efgr e S S



142 i ereAtem
Fye FINe Wi wzAt for orar AW A W TwEE WA
L IV RO, JATE G SRSW W12 | @} FIW %A o%
ATs *F

D SHYEN GF e
I

L A 1
— y

s FN-/
g = ‘

Fore 05

foa—66 A
fast® 71% ( Ripple mark ) 9% wi%i32 fAAAg |

TreTR ¢ e werw Wy (GBaa (wave-action) mrE feIT
W1 ETeR et axAt Tor weetw oA et e AR
SRR TSR TEe WAT LT |

et T .

AEATAE 2NPT JF WT AZAT BTMIA AT SR
SRTHFTNG AT T QR TR =eraq a1 oz fern o
TR AN AZA| TR GENE ey AR (MR @I A
(T56—66B) | «zew @ixal Tozoy seqmm @ Tomiom
R e 9T qAem P AN AT AW, ANE ARR
»sqme (ripple lamination) ey ripple-drift cross lamina-

fea-66 B _
w%d) watnY ( Ripple lamination ) | fing AT97 warwey |
{ B. Mckee, 1966, WEATF ) | #if5 53 1 %1

tion zen T oY «fwE w1 AR el wemciere e
OS] T8 HO W Wiwe 9F(6 AZA N AT O, S0 ATPS
A, OB TIN T SN AL 0 T A



N wgiR

siforg Bex, sifTame < warsseie
Source, Transport and Deposition of Sediments

siferm Bex

TN +ifem (detrital sediments) oA T@ SeA AR
W@ YET FY (WF T AZTS TR AUATSNI T So7
freter . Swizae =A% I W @ SRred [ATeR WA
3 ARG AEH MR TR AT IT; IBER IFAW o
FAZTS T |

BeH AT *MUYT JA TS T TA O RIS T2
g Tom ot (1) Tawme (disintigration) s e ©o@
My sfae, gizw (frost), fgwmamzzm w¥'e, @@, I,
gentwa Toa@ e IEiae AT W1 W @ *neR 1§ e
T onF [gq AA 1 TR FCA A TG AR (AT @
FTW @ YT FWF IT LT TW 9N @iA NEeed 8
1 AXE APT W1 @B ¥T A G AYWE Lsaw (talus)
M FFY (screc) AT @ WA YT AN ATGULIA TR
e e oowe e Cemented zza rastsmr  (breccia)
Y7 {EAT ZA )

(2) fTararea (decomposition) @ oem frAeEa 2A4R
MW TA TA € AW, | FHA T WEM e AW AR
JEIWE AT TA. TR TR-THET ¢ WA M 7ATS; S
@ 9% Tfwmea e e wE-wEide (CO,) 7wry oA
yfwEa Y@ wrEwe sEwT W AAN| 9EYl WTe A0
Y5z v (Ground water) a1 wecy wesr RAfgmm  w&A
giwEa ¢ CO, oy, ~fmma rtae WRte s ot 43
Y AT | F AR AT TA e WA A 1ea TN Tew A
ez Yiwce favamem 3R

faEreT R crute A5, TTITN, TP 6
FIRTMA @FW FR qaE & sraTer = @’ Sers o3
@S (PO, CRATeRATES «fqg fenfv: «@m oW
@R e [EAE I F, WA PO, T 6 O |



144 aniae zoqian

7 WS TRy Rt T, A T Oz Taem
TFS AT A A, ;O I T TH TR (A
el e 3wt om bt @ o W &
(H,0) 71 OH ouz1  mom syt sfafex tace
ATHATC AT ONCR, ;  ACHGIRG A O CPCATCATE AT
T FRIRG, € R e I A 716 1 IR
rryTers AT FET ATE (U IR LoAT T TR
< QBT JFTS FTS WA, AT CATGA, BT ST
FRHAN, TOCAANEE TN e AECEs. e
IRy erety it smete teat T

Tarem Toma »k (1) @ 77a MY mATE© e AF
(soluble substances)  gerTer 1o {SAT I TN@ JATES
z7. (2) o) @ *MoCiA  ER0T WO T AT O1F SERH
(insoluble residues) wfuriron Tzae *TUAR (20F T
e SRG W3R TAlees 1 @ (3) s rEBT A1 9E-
oty ¥iaw A I e ARIZE IP0T W Wie 2 A1
(unaltered minerals)

W UAT AN e ¢ TEean wa a3 i
FOIOR AIG T IR WY AUF @ SR TS A 4T A
T ¢ AT FA A6 zem ANE, aiF A@ @Ay
(regolith) tarenfere  Tonam ATFIONA TTYT S (5]
teR cmiteq e T0Y AW @I T T IAWF AW 2T
AREHONA TH—aR e TG ar swwer (soil) ageri

JATTAY @ RTH ILIEA A4S AR, [F7g (IHe FWe
ST TS & SoFTINe I AHie (AT A AT AT
EWe AU WET IMZTC  Z0H SRCFACE  IRANZI0S
*Te® T WRISe MR W1 SEAT T ANGE 1o
WS © ANET SO TR W I FA | FewEm «¥
AT 2 T (I I TSICAT FTE IO A3 (oAt
WS "MA1 A AR GO ¢ TCTR JAMEFT 47 AT
Riee Hiaar ARmRTe: @ ey e JTH°S 2F;
[ JUET T SRCFG ZH |
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ARATS: T4 9 WROM WRZTCH 6, SH, L1 e
PIIT O TR, P12 LA IPTHIAS 1A T I~
F W Al F 3o, T ARZIeTE Y AW Ol
IS W1 ARZIE @ g e THI o
FRISH TF  afere Wt o fers e omAl e
fers TSI T (FH6 MA ARZIIFCAT TLA 7/ [0
(mature soil) M TETX T AICS AMA | GTIN T
qRzTeT ¢ ta Tem @t e feem 3@ e Te s
ST IN E WA Tevy Tiw wHTSIN ¢ SOy ZH
T A1ZTS P 3T (T IHOEF "R ¢ AT DT
TH MR IO A 4T A A (0T [Bre s
farares Tef@ *73R Teriae T QURE SIRLIeT AR
[T 1 3 FFAH 21 Bea »necda 7o Aoy T «of
Frea ST WpteTe (POTAIAT.E (TTe  unstable
Ao y) I (arkose) oo (AT ZCT AMA AR
waTeaa TR (rate of crosion) zrs wfzwuwa *fa alzrs T
TRCFHR WA INI O o IE,  O% IO T ™
TR TR (rate of deposition) wrsfwE Sy FH TSR
xR Ber fae A

TS (AT gy e (relief) @ woren ww-
biwosa (tectonism) $or W @, mRew A W
“The character of coarser sediments is an index of
tectonism.”

sifer effs==ze

NI JRZAFNAT A & *fag A6 T O s
feq T e SeA o ot SRUFONTE @ oA
Tfze T «X ToF Tw X @, T 6 AWM | A T
FAY (0F TAE IA 42 (AT TN TS i ofFaniTS
e A1 @nA i SewEiafy e e o v SR
FEFTA A iRt et Tem @

e 7w iz oofer sz o owE @ W oF
Fr Load zom 27 ;  cEWCST QAN I A FOCTA AW qOSH

o o—10



146 i zeediamm

T ST AIF ¢ T | Ao q© TP AN AHe
zee ATRIRS T IR SR IG TOUH OO (AT SR
e uEe Rt 5 Woe At wme Y I WA enA
e ¥ (ripple) toRY T W ¥ @I T BATE TR
oA W, W g ey 73 sfmaize @ wmw g
oy o T oM EReR @Y SRe @t T =i W68
(ripple) o oiF 1 @A WY AST wAT 7T oA wE
sy Tm @ afaarfe 3@

e e
s o M,/\fg,-x a’ﬂ'ﬁrw:
o
Bed Load .
! so So
Row A~y 53 @\

Ca‘! smdfufir » 3y W AT 77

foa—67

TetEl TfEs atal 7N SiAT CAMBT | (AT T Wi AN
wrefn faxfrfes e ofaatfes w:
R—{bf® el fory ; S—aNT SUW AT T IEM ;  Sa—
Ay wwveet @ A (9w o qon wfeca wfaaifes e
( R. Garrels, 1951 ; R, Siever, 1971 WRA{Y ) |

wucea sfe (bed load) mawew e wfzrize z@!
R R e vwm @ oo sfane I m-—Teg e
W oRE SR e (Y TR SET W SRR IR
TR eI oS OF AR, OF I @ I HS AN AR
TRE T [ @R o arger (viscosity) we—a® A=A
Oom fqE7 ¥ T IC TG €I SERNG T3 I R
e N €I A S LI |

ARTITS: INA MR T SIATR RSN @ WOl
R SIS WAL WA SPAETeRd SWE N
(SRTwo) GRORA RTINS oo sfaaget wb
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e T ST G oI WO ATSRAN AT AT T
Q@ ofa 5o a1t F. Hjulstrom st a3y viwGwes 4
AT I TN, IZA I I TR TGATT (TR SROWO
ITW) HAC| AN ST FOOT AL | NS fSvions
&2l T oW TR W OIS M AR e O
Tiee  tram e s afer (afe ey oistwom
Ta) | <@ @ o =es  (Co-ordinates) logarith-
mic scale ¢ Wy, wE frerecia waw w1 (T5a—68) 1

W? &R T O AR W e e TS STureltp
L T, O WF ergrety TR ofa s MLw @Y

Con, Erosion
>

o Y/
0,):‘7

8

[/
V4
| Uncensolidoted cloy ond wiit_7,

Transportion

Velocity in ¢.m/ Sec.
L)

R :;"n.a Sond _Grovel ond Boulder

g 5 . * & ¢

Size in m.m

fea—e8

sfog wtatz = faarst @ (rrer Afsrapmy Borw fade sra wiesw
~fragq @ WIrHoTd 7 fafey cwam |
( A. Sundborg, 1965 WgALT ) |

T TR GFC 20799 (3 SRS T6AT TS—I| T (T A7%y-
AT FWER IO QIR COY *WSLA AAFS A SR
T 2RITXT o7 AW O ACH IS ST A, S
uHe [t SN AN S GIIR GO W 2N
(Suspended) zrer, & SPARSR ATF OR GE IIN AT G
uie e afer@n wRm W @ AR SRR
FOLIWST (OPRE TS IS OF SR WSIT 3@
TS vy oW O M ‘offIRR et a¥  Seateem
T o T NG P AT WA QTR
AN IMLIME L AR TS WHST O QT



148 argias epeatamm

gfr srem afer@n o agvew  ATwAie I T SIS
Feoier UG AR, afeEm Temwm I X @ TACHAT TR
A. Sundborg mrfemes @ AR ofer 3w AotieRy
|(cohesive) werTe *@PoRam e W ANE OAR «IiA
ORF FACS SO LT TSR A1 S A WA
W AGTgEiAe e (cohesive forces) @t rmEmEr ¥,
Rom 3w f9e, IR TR KA G FECT IWTCS
NG X ATET XAe, AN 60w 'IME oRwy  (erode)
TAT .

FH FF U T I @ saee, o e @ io
T T F2T IR AT 20%—ag FIwerd mud.
stream  pFANW oUF | SeTe Ag; o1 (mud flow) @3
wiT T s S waTS wisTaw Tosemr (T
eI I F RGO I,F) OFT *MIADA TS GolCe qIF | @A
ST PCER TP ST TJCAA T LS ANA | WG, FR
@t TemmAls ™ o *mea IT IG AT AW G
Trme ~TAAITe 0o 2!

srafafe® swa® (Turbidity Current) ;¢ #fq Tafere
XM SeT O SETR GO [T TATHS NN T8 2T O
FALET SER WY @R I et tarers Lurbidity Current
A T TAN @F RN BN, AT G0 TaeE ifer TR
GEATGe I BRIV AMCS ARF O3 2 e tedl 2|
PRIATes IXAH Avle CZAR INE ¥R TRSAICHT  INZ
TToer 41t 0T TW, OR TIE (A TEES TR HA-
MM TH YN S I, TATIY, IN SRR FIF I K2
W wwes #fe owEg $oR sRewive Tl R AL Daly
2T GIRTATGIS INRAT 64NA ANT AH TS FF FA INA
[(Submarine Canyon) =1} I@, @3 F@iae T 20T
Fa | 1929 see T8 FrS-womt-on Hima-otk” waiers Grand
Banks @31 SRR T FRENS” SRS aTAbR A
400 s¥er wa wRiY Gleramen wAe o (cable) & fwgreem
13 9fy o7 v Terp WeTH—aiTIW WY TR qo ATE
Srafafots FTae-da e e ennfers 271 P. H. Keunen s
mmfmmmﬂhmﬁmmmmmm
© ETEE T Ao AT IW @ WA A1 A ANFSE



sia »fzagy 149

BT TAYCA A TR TR Srrorw TS I A O ¥
AR THNSH IZA WAGIE I TSR TN I§ W SO
TACHFAT TH € FW AR A%y WIAT (161 S o7 TS QTS |
9 THA GFT 1T, *eox (graded bed) Pwnt zm, FW o
E O TMF W ge ;W1 «rw graded bedding
F7n g7 Grand Banks g7 frafafefs amee @ wem wios
*MGTRA O WA I ZH (AL W SN Fas S
Core smaz 3 taree,; RivEF (T =o7 *nedr twe! O
eeF el T@tR @ weH Wgw O srfkfels  wwas
e RIGTF Ao »of TOFAT  IWS AL TSR
ANLET AT A TS 17 APLAR NAS(1IF 77%7 A1 0w
MG 7R a7 (MO0, 77 @ O A NS A
TR *fleq IF—AT; o8 CIATATeTs P67 T e |

IR FAST A AT INT AT (AT IA INA
afs Tory oerd afeq 5 <@ @1 g T WA, 9&
I, afe A7y F ¥3 @t sfawna sfaize e *mA |
T I AT A% I ANA AN 2ATe T (SR
e o) 3z; v #fariee 231 ao= qg ANTed oAl
sr.fa ong et ek W6 ona 3o tame (bed load) Txwma
M@TTe T ARANTe TR AN AT IR T*A 43
©tg gyt (impact) @gsr1 o oWWA wTereli® WE ZTWI
GE IR INF FLA @ YRS @ IR W AaR
Sorfaorsr wox wmw (frosted =)+ weewwafa STwrmresr Aoy
g% @ AT T IWF W =ior 0T G TSHT A ITHH
e OTA YIH IEIATA (AF AN AAAIS A TTSHA @
T Sore AT |

TRy ee: SHva e IR (AT OH ©F AL
;A RISl (¥ onER o Tvon Towarr eriime @ (e
Fe o @ AU IR TTRE AT RTC o
TFe MRITe Iwe P Tz s@ewena  ofom
T ¥ FHe TRLAG € AWy 9T A e Whre qns
G AT FRZIIPS A GO SITH ARICS  2TA |
I e o Tomen wlsw T (striated) o

WAICRE AT [ WA e AW TJE WG Wen
AN GG TP 0 AW e T o sy gy
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#fFAiTe T T O TURAT A ATRITS TS MA
R afe TR e 2t for ofam o oy T W
(I U AN S0 e o a% 7 To0ed Lateess
RN SRR AR AR T & g

oifer srarsseetn Sifsca
( Environments of deposition )

e OMIF e [FAew TR O FeI A AT @
o2 7 | TR @ nFR tettniae SR, ETEents A, S
3 G-ATIES LT 15, SEHNT T AT 10T IR, AT
O B SRee—9R @Al SRTIeA WiE A
T, T AT ST @R TR I Colanas At
PR AT ST |

& sgoerls  ofaraw (Terrigenous  environment)—
RETS ARINF FAIG Swer ot w1 (1) »nzre
QU MCH I OEN,E GAIE XS Av 13 Aeesr alluvial
fan 31 *mam SFCE TN A5 HF vew T vfA SROH-
P T ATTTA MA G T 9F Q% G, TSqE FIAIA
F¥oa e *=onza e T fona #fe waisr teat a3
g sfer wox e s Toe Tob; #3; 0o M« Afed
FAE AT AT IA AT AT WO AMA | TN 2R @R
SoAIAE O TW ATl Q% JRCFACR AT TG M| IMR
5ETl Foq DOAT IS ANA|  GBAPY TG WYX ATWAL
SICFARSF oo, Tooifss; (Piedmont deposit) zer =311
ROR R e, @ Sired Tomew  enzieed (WER fewer
e o awe @A) Tormears: Teots, @ @
rRgreRTs WIW zowe (5w 69) 1 oW @, mae SaiseE
T TemT *1RT7 S MW AT AF-ITT ARZN6TNE «
TRTES TCACE AT T [FIHe TRZTGTLSR af 433 “ffex
CRTENT TS A

(2) M as @ @ v @ FW emizs wfw (Flood
plain) o G offer SREwoTeR Tom e sfacae
TNt T % T eies e sifery tafedy SrRTemd
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S et TeT w1 aTod s ofwaer @ ofa
AP TN O QAPOE (T IM >/ (¥ (T TR TS
MCA| W A0S T TROF T SIS SN G W A
e ¥ Tz Tog, ol Wy T o@ W ww YW
FAISH FIWA, AR FTAIEA TS 197 T IR T ATLS
sfer HYH TCC AMT | IS I AW ATINCS TUCH &
BToE 0y @ OW F T 4@ 'l IR qiA, @ A
APy TLH ‘natural levees” Pt T W¥ el AMNwER

—_— = o exs
B —— P

foa—170

31T AN g wifes gfir o7 wapweny a1 adwices
g WIWY (AT =IT (N giN |
IE LT *LF; 8 7L I T, TN @ W) T et e
GO TH! A1 A AT O I AL WS A IS
(TSNS IHCE *MI @ AP WP {wmro  (meander)
S {SAT IWS WA @ AT ATS WM Y AR 1 79q
ZF! AW W «@33ew Flood plain deposit gz @l
2rPoRY (ST IAEA AT TR @ 9T @36 R SRR
AT TS JCHF AUNE @R IEFT G23ew oo, o
TR FTG, LT TSt IReweed s (o7 70) 1 cawwa swa
*[Te1 SPET FALH GTH SITGLR I SXIOPTIN *TA0a0 ™ I9ca
A EE e o g e oo eieR F See
ANEE e TS T

(3) zom =facar (Lacustrine environment) —grvg #fz-
Qe Taoemw W2 @ @I TSRl IW, TS TN e e
TSl wgA Fw sfize Tt Aiowlreme W9@ gom
ST @ BT AT TIMTIA W LA DT TH, GO
o T o Bs WA @ BT Si-wl wA AN Toew ;R
(atw 3o 7w Convective overtum) | gz o= T Wa
B TeMe X HWET oW e Loy o te TTS !
mwmummmmwu
T, Ol SR & WA oAiw |



152 W“ : : s 5 &3 f :

gora ofor zo ] we T, I e Wer (Lo e
PRl S 0oAt) | ZURA OYE oo CemwEm A
TR, BemMI e WP G YT ARS A e
e WYL At I IS WA AT ZH YIRS TR
AT TXNANZA WBA ZT WS A & WA TR TN
Tt A TrwRnzs sfem o T

(4) s T #rfaae (Desert environment) —see 5@
fARCe A, ZW @ s AW S Tatere e oot AW
O% e et G R Tiw F;Tu (cobble ¢ pebble) -
TS, S PeRt I A, sfFAniTe afa w3 Al
(To¥q) @R 5, BT ZW A7HY TR SROFCHT T
TSI G ACTHAE SHLCHCHT A JOTAALG  A9Y
T rferieR Ao S faerE W1C @ T ©F SNTER
JVEH TG, &FNE, 7T A |

(5) wea #faree (Swamp environment) g J9A
ety e e Tem T AnT @ o5,F Sivew W oy s
g @ ey @ g (fresh  water) 3y fa=m
(brackish water) zre *mat TS WA WO IMT @ TAG,
TROFO TH G BITE® 79 @ A (AT S (anaerobic)
TR D ZH GEFIW O IFA € CRPEET AW
T2l s IRTATTPT, 9T, TR & € 5,1 T3S
FGAER ARICS A |

(6) fTewawzx #Taras (Glacial environment) _fgseza
For foemerg Glacial Geology-ts wgasar Ia1 ZH |
Pleistocene age @ orfe@tamet Tomm wa fafew s
TANET SROFS WA T TORIT F AAAT (F JOFA
ZH O W (F)  ERR  FINWIF  (¥) IR Tzl
(unsorted) wxx (%) TeRTew—wny foer (till) zrem
fEwATE ST AT TS & 2rarE Zow Out wash deposit teat
A ; oI wexs gravel, ey @ oo qwz 1 Till fewar o™
AR (moraine) @ Wap «we st Out wash
(moraine) @z T el s @ (kames),
ongrwr. (eskers) @gae Valley trains 1  fgwamzz zwims
sre® (Varve) are's 7w o9 »S% (7Y T |



sty SRrwrem e 153
« sy s sfwam  (Marine Environments)

g eI Sariaesnd wrevm 70 w1 Sge wL e |
oE TR oo SRewva Rem MRl o AN
ofet SRCHLR A S WA (F - 5% oA T
T AERP AT WROY MIAN FARX F O ST

— — — — 6000

fom—71
atyfa s stfarapas fafey wam

teat AwEeY oTEER AT THI HLME  STarareE
Tafer wgEg caat Taemr viace traw 2o (Tom 71) 0
(1) wrety sy a1 wiafes wew (Neritic Zone) s stom
HACH A5, T TA (AT SAS FCA N AR (continental
shelf) yrz *r7vs, YT FZToIER @ATA IS, W TS
AT, 5 SPACE IAGT YA I TN | 9 AYLeR oS et 600
Tt e It M| TIETMAT S AT T15T a0 NG €
Iy 7R FIOF *fe TROFoT WA @ O [HIAF MR
fafery oo gfon MG 1 2 SPER 6T JASPS IV QT
e I WA TS @ HB-G9F ASTI UNT STF FCeA HIl-
sifa sty At @ (well sorted) ; sV e agwn
e oY Tl Te e wiam e (I @ TAST) i
a% weca o g AfAeme, ey (Shale) e st
oA HIATOF YW SN WA AR TatemETer
qTF; FNE  IVEE IRE (Y6 ARy
TS M O} WP J 2191 T TX @ STvew ey
TATS A, IR AZTSAT FNIHA T 20 IS *MA |
@At st ofe Swene WS oF ROW TIer
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Twenhofel fzAR ¥ VG T TS "AeS
e Ty o 80 o @ ARTR SRCHA

2RI Avy, (reef) Fpewaizney +faa @36 @ BeAl
MR AN, INMITFA, 8 IV O (AT MY BHS
A TR AT TR I T ANLE (P SO
TG I T ', A GRS WG BICO A | IS AT
Tt ~faiz wem Sorm 250 To6; e taer */%S M ™|

WA, TV I PN (T GAPE 7Are (aerobic)
ST I XA AFTSIN ZCS AR (evaporitic) «zww SR
YRICS AT | GFIN HGIAT %1 AT T %o ABLaTF S0
TS AW, GF GARFT  GRiMeE 9 s (land locked
basins) | faom @ = (ard) Gym 93T A T]G
Toroomme, @ RIRWTRG, enivd SRUHAT T !

®RTe (anaerobic) TRFe TRAT GATRA TR @I 16 TICET 1
@ B (93T 9IS F0E Lord o ct sifzsmmeer facares
A AALEA T AT S SIWEN T AHI Q@ SAH &
SROFHE TN Ol IWET A T G OF )% 79 #ifa 41
T S IR G IY WIS FIOT, WS A AT
W W T A GIRAVE 190 AT FCA AT AYH 0O
oA Fq1—ere Starved basin et |

Yl T (@ A0S AR O e 9F6 79 @i
9T T TP NI AR O NS I@ RS
G oy T 0T B 1 GG RIAIGE SPeRF Zone
of variables & ¥ |

(2)erets #E srfacaw (Bathyal environment) 3 ez
sretarer caYis 600 recz 6000 fousa wr TR TYaRS TR
sffecaa @@ | A7y FoF AT, TS, I, INERI A, 8
fatatsmamr (Tiasrmmy) sfa afemer vaem Cafarsn

(3) wom gy it (Abyssal environment) : @
st g 6000 fewn Y sety ¢ Siew  anmiAe
AR, TFENT | GURIE AN AI AR e A,
oror 2w ¢ Fr 2500 snBeewlr (It @R OIS 5° T 93
W Q| OB TR ofere RIS AT GRS AT
TN o QTE T T 4YF ATPS TX GR ST T
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whmmm TR ¢ it ertongs safdme oo
fafery 2o w (ooze)  fer wrwem a1 1600 Tosn
@ et TE Sca aner amr (Red clay) ofer 7 2aTerds-
o ST (YA FSIUA WA JIA @ «niIA
ofaRe N AW, AN JIRA), S AR, NS A,
FteRRTIIEE "MITCY AN Toe T9E @ I TR
Theed e [FHe APE 1 R AOFG JYEHAR A
TR TT AR |
o w@ly ¢ MTEE sfwarw Ty emer T T
@ @ A TWEwe KA T Ceitaias wiverer Rl
g1 ol & Tawmer o (littoral zone) zar slir @
rom@a (low and high tides) sureY =mag am; «a¥
TYeT PARE I YA IIAG AT AR |

QIR SRATHOCR T2 sfzraeerfar fasfates a0~

(1) w807 g ~Ta, T ILISHF ©1F 6
tiewe.ta (beach),

(2) ETHR-SIR AARE AR, (GAR-SibE A, W
(tidal flats) tees @ TOIEAT (estuary),

(3) sl 3-ter wrfac,

(4) ter Ftw AT

(1)cp8-0% ey ofiwwaes—al AT T7e
ey 79T (RS MR | ENTA TLEeTH AMEes  4IEk
(cliffed shorc) wrE CIAMA SRACHHCR T *F ATF AT
CINIGA »ZTG  (o0d H1 T ST M O9F @F FHom o
ZCw = A @RS AW, e (beach) ay talus peat
IS WA AXNGT CAR MA@ T1eq e, (MR
wrete a1 Fef-oe e afwe Somie 47 S (hetcrogenous)
2(S AR T NG (T T, TLA WO-9F FA AR
eg ae AeT-e (rounding) We W TTT ~MCH, 10T A
MR TSR T e wraw tAts W% AN O7AT IE 1 A,
raren ties (Low open shore-beach) ffatare SR o
e o orReE WK ST I O, ERTAR
(fore shore) ou®, <& fomrw @A (back shore) @
ome TR (v som i) afemet @ @ B



TS 21 ARG AT, IR AW PAL -7 T TSN
oA A TR ORI G SoER A1 e (Lagoon) ferm
MG Al A WAE IWE 4T O TH 8 A
M TG TH AW ; WO A FAEIERT  (resistant)
diveeria trve @t Aen W1 @1 wR GRRET A
N ROGIRS,  NRAGIRS, SRR, RS, A RECE
OF SR A WNE KRS AT FA| IgWAE Afer T
NN ZCo M, S RAF I *MLA e ia (shells;
33T TS YRS 2M1TH |

PR (39 & eid cross stratified zow *Ma 1 AR
CIF A% JWAF  Awiwe TH; e cut and fill Frely
F-Tee (cross-bedding) e} orar M @ WA T TENER
To TS e I TACS AT ANE CIER FEE WA [
WB-9F 2ENIF A SRPAT G5 IFLI e o s
oot teat zwe @1 @ At I ©wE T e
WA AR € CMEIR | @93 FTIA TIWA FIAF A
w-atee (wedge shaped cross-bedding) gwan @zt

(2) v eibw ey orfacaw

(¥) R o e tn (Tidal flats) e s—oass
TE S re TR Gk FI; SRS | R ¥ TS
e IM TRITS W S, (@HR-ST WA 7.3 7o
TR I FCA PR WA WA A1 @R 7R AT
T TR ofe afe szre TNre AR, WaRidre TR S
R T T G AH] TS AUH lamination q-jiqg zH
amfatasier e o by Iw.e PevEey afer v
W ZH1 OE TIN ACINT AT T JICHEA 417 Afers
T, OO IR AN WO AT FA F7HT e AAIS
BT X O3 IS FINE 6. A1 10 W Afer AT ARCS
AR @F AWSIAS [ ©F TMTHAOT, A1 w37y
aftre Teg widemt enar @ F7wy soEw T ®a ww
4T |

(%) ez s »ifacawr (shore lagoon environment) :—
T e ol vw oAt Tm e Tevw fnw 8%, wAeE
Tewwr vower (barrier beach) wem T am R teRY
T o CoTETE-hY e (HerTR S TeTER & arfetew
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AISHTS FA | LT 00 IG 60 AT A1 1% oo (TS
Aw] 2erie (suspended)  siferr srRveee TH1  EAECS TG
WIAT T SROWONT FAI O O B8 HWT  ATALLIIE
T I I GG IROFOT FI | T A TR0
TR +(fe @ 3T TRE ATy Siee N ATAme R
wty wiwbeny MeA  (interfingering) <y smemrenter 3ty
IS .

(1) zarzar #faraw (Estuary environment) :— sz awe
LY, AT AW 5eSr 3 FAA S (funncl shape)
YR T 6 [[ATH AToMA (THR-SHT (WA—a®  TAPeD
tarzen (estuary) 3get)  qEy tEEIR-SHT AWl CARAE IR
offe] TROFAME @ eliqe I@!1 W RN »fa  aw
T FeRTe IA | Wite 6. @ AfER 57 (bar) At an
Yo WG e o e o eRrine @ @¥ e awt-
Ffze s e (RHWEE Afe SREPo T, WX IG 7R offe
T ACe TN W € EoAEE  Hfeq 59 IEdT A wd
Toaremat SROwoe GIZE AMTATE: MY 6Ly A
(3) mﬂ‘ F-5q1o sfacam (Marine dclta environment) :

“Decltas arc a major site of decposition of tcrrigencous
scdiments of the present time and it is to be expected that
they were similarly important in the past”. (H. Blatt, G.
Middleton and R. Murray, 1972.)

I AW LAACA ANLE OGS A T I-Yer teat T
SR TSR @A, (AT A FEe W (swamp) SegE
@32 =E TPER ATy @ 3FAYem  ofamaw feAt &wW
G ATIEE @ STATTIEE SRCFS STeonie o | HlM, 15
0R IR e seRele T TWOT AT SN
ST WAL TIF FlF 673 AR TS AET AT |

TG A irier AugE Tafers Tea TMAr TOAT 1T 2T
faoy 73 ¢ W% Tom  ofe TRCTACET TEA TSI TS
RFA  TO I LTAT F@AI S € (A AQMIWME
TSCest THATA %7 IX @ T HEA F7BVIR e AN Ho0S
GeEAITIE TH 9 IGHWR  orfer war g 67 (bar) @ feerdy;
(spit) 775 7 TR INT FAWNAYEH TATPTITT FAT A |

ANTEE IR oo s G . @ SRR



158 wgiae ereiam

& ar Tog A, s fge T, WEEH @ G o
e W] e ME €| IS N OO LH ANCER
e (o e fge zre *ma &feres wika (Nile)
W I G} TN 93T o 3T

aaizeR fatatater arta 3-3ts Gulf of Mexicots we
TLHE | GYRA ST I TEHH S I o AL
AT T SACS AT |

qelte o8 W ey 3 IR sfaies TeTm
Tataator 3-ater 4@ T 1 @3 3o IO S0 SR
MY T TS WIER zedm e Bird foot sub-delta
AW A I INE QTS HEF ANE TR
TROFT A 9% IINAA Berrfw

fatatatsr Y afe 3¢9 50 w@ifs o7 =T (40 e 6=
suspendend load @3¢ 10 316 G5 bed load) zzw 3z AR
T am; 2@fT BN ATATTE (TG IT *eFA 05 ST,
e 38 w11 @ ater 7 ot wwm 1 @} orfe, e (1)
NPT RIS T SACHFAT TH| WIS “oTS1” @
qen SYER A, FEN WA, AGIA AverenTe R WU
wReY R, g7 e TSN WeR-e3 W owe; (2)
W emmgio S Aew RO (Wt SRUFA TW, O
FIR]MoR WY TG T o TH; 9 TR AR
oG e wnn alluvial fan-gz e g&a 0 T ATNR-
worw WY aferan Tiac Sy afe ¢ Teda ST
I 6F TG FA| MMV LY 5F-9F IB W o @Rk
ahrer A e e 7 sfea SRewire Zm -
Tl sl T8 @ IWE *STR AU ATHINR A @
foeeda tont sRerlar Sesrro wo wiww o1 33 SR
I A W ST FA GF @t offmme ofe s faema
TR A1 I

oo ¢ AW TWiue 3Ny e wwenw Tafen
iy s—

sRren AhpRRer e Fremmarem 80,000 o farenfwm
ST U v @ TR Tataweny T 3ty i
e O TR S BT o iy S

ey %)
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sorl-gmot fafs 3-Qeorw oifn wageorers fifen =fagas | sfwmym
sifgrasra ™ faafmfes @ ( 15037 27N Legend )
(¥) w¥wte ( Highland )
1. <ffen erfety ( Recent 1)
2. Pleistocene Terrace
3. Tertlary € Si\ASH *wfoy wem
4. Bed rock—( THwmEm AT _wem  atafold ofmn qt7an
Bora fice wafy® ave ¥ *farapdty wee ) o
(v) aufextm ertell ( Allavial valley )
5, AITE AN TYi-HifTS wen
6. awfemm wrteh @ T.fiot Awgfay Mt
¢f) =Rt 7wgfa ( Deltaic plain)
7. iqtaohy oS ( levee ) WeR
8. ety IOTE] ¢ T-AAT *HEAS) wn wen
(v) conaE-w" SN Aagfu (Tidal flat)
9. (EINIE-3TBIY WATH AIATAT YT Wt weH
16. D—gIfew A5 W fre fiefr wza )
(. P. Morgsu, 1970 WIAIT) |



160 AN zomian

AN T, THLT T @ TWT A IT6 ofaoy wro—
% ol e oo’ aviare @8 3oy @ Tww
(T5—72) 1 @ 3-N>m wiexr o *eneHiiAR (Pleistocene)
geom wam (Terrace), I soy o A twroniar sefaee
@0 e 9 IR ofew  aE, e PEWE W
UL APGRAYIT €@ AFINT WFe ABINGOR [G IS,
[, USRI O0F oS, IEWREE IR (A REEE
Wy TRe fee) i Temmfaam T s

TM-gHLE IR A e ©,-weenen (Tectonics)
@I TEXLT SN Wg!  wEmEAig  (Quaternary)
I 9T OF FAH WS A I A0 ZCRTRA € 4
- ACATGS I =oAbITe QOETRE | GIIT 1A
B/ SILCHIHAN TTHNT ATCIT T YA WL TE O N2F
GUET QIR ACACR O w1 T 616 sgTe wwer wwer
(en echelon) faps g (Tom 72) 1 sron e T=oLCaa v i-
YT GFTSTE  Offe TN IR APCEF A T
forr o o M SwE @3 wfvee N
97 Y TR FHLT *TY| A7 AR AT € OXHR HTTOrF US|
a2 IV @36 AL AT A SN O FEAITST 1R
ST |

IR T QT ST A T AT 1901697 S LT
2T ILG K @ AF X TEIAT TS AL STA-2PaT (e TR
braided strcam) et Fcarm | I-RANOA YT WIRTAT ;16T
Tattotsr wiw oneta R T© A Rl g AT
A TNER TS (I GIOASNI POIT Ao ALF™  WIg |
WY L6 TS PeT @ A7 ST AT (51 19,1518
fatwfaforr s Mafoe aa1  sfqow Wiveniar mRet
A5, e Temoe T W wR !

T BEATHHT SR AW IACST o7 IGHELF @ Wiel
QPTE CSTAF-SIGT Tt TGATS F /T WAl *leT SACHFI21S
goee | omR-eltt  wm smfas W  (Tidal plain)
garwiee ofa, 3]ty Sy mefag - (Deltaic plain)
8o oremerw (overlap) zave (To1—72) 1 *wTTSH. AT
Bov; ety Torad W reEE-liT R SRURTUre offered
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9T ST WO she iy oS@ TUST AW oF o
BIF U NS {IAGORI WA AR |

IV YA T WA LA WA WA TA AR QT
oEA-oliEm T R SRewive M o} e Eiwe
LT, T Tb; IO AMIF | FLET AT Y TN e T
TPA T AWy W vfe Sopniae IH INAT SR WO
ILA R7e faaize @ e My Wt SRewite Zw -
W% JPTH WATS TSI MR TG € TN SAHT*S
ZeUA o7 T F T TH I@ | SR OO SO
»fer ARG IV @ A FOT WAL T W MHCATS Goare
T 5.3 Lo M @A AlPe T I TAPA 2HSE
I e tER e RN AT ZrEe @ Wy Tee; Afem mewe
T T

(4) Zerx atw *facam (Organic reef cnvironment)

ANATS: ANFTS IA TEX AR AT 41 qIew
THT TIRAYAT ITA | A TSIATLA 218 SO TH 2tz ATTER
W fwwag <]t e she W et Fa T s w-
YA TS AT A6 F|A1 GAE 2R T (3T
i) I TN, e AIFONI WS A SAMTAE AT I
TF, IAA 2R QT SN ATeTATe 9% T A

@8 samias ate CaCoO, fmx teat w3e ofdm o
fooma toal T O AT TTAAR ShEem s famge
T ANIEY Go-aF WIS wA 9f wer frow tedrt
VT T G FAT 8 Yl e wIRT ofaTe TW, W3R WEe
APA AT TN (DO-9F IWITACE AN WTWEHA @ Y-
For IZH IA A IS AT TRe g Ty oH1 9f vk
Fro e Ao T ¢ wateRw 9FR Wew &N, TIT TW
Foa T ey terer Few e’ Taow fww e
@32 s @3S 31w Iwpaw (Reef complex) wfss zra:

ey AR STAINA oA twalts ST W AW

(1) Fringing reef—9% 2% <t omr 9@ oKF ;

(2) Barrier reef-%g SWFE Wen AWMSAW O
eRfee 1| ooy o3 (vt Toumr 1% T G O TUPaon
I IR AT TF AT NG IT® P N | :

e on—11



162 anciae ereaiam

(3) wrrm A Rt 2% 71 s e =W
e atoll qgar 3ty T w1 At @ak atoll-gz TB
3P 1 T ¥R table, patch ¢ platform 3% zem z71

AN, QO ST JLAGT I AE | ATFAT @b eres
TTPCRR @I TIF @R 97 uiple faowa gfwes (Tom 73)
o TR | AYeE wR TWew 41 R SIUTENG AN
BT FIHEA I,1% TH [Wive faewr I wmest (wind ward Tz ) o
AT A S, Teresy cotes ey srela s Tawieers
@ E ARA @R Ao am (Talus) 11w w71 fogg

- oy
v awa el %msw
ST+ -
W
Foomaz 2 Fmeruy oz
. FuTdWE gro swzﬁnn- I
foa—73

ovin N Afgray fafen went | aFh abom eraren |

G U R (GO0 W AT TR 4Ad e Sefre
TN NG| OFAT LR (F, SIUrelG ¥ TNea I TO' ©F
B (SN WAL TF A Y (SR A ATPT 48 Wo

&P AT *med T 10 Sk eIt T O AT ANLE
T A AF a3 AR AT @ ARN-Ae 2RUAT Ao
fooer 27 2@ AT O SR RN AEN-IT € AIRN-
78 ¢ oA teRt tEl WU WS (ME WA ENALA
WE ALF | S FIPTRA o[ R WAoo Tga
TR Fer ot Lo i3 16,000 T sy, A mest wrw 2RE-
wter 12,000 Toi; smes wmwm [N omerd dedt g
oz 4000 fa5; T @b fzomey e@meng deat

wfoww 3¢ (Bamier Reef)

T e wtmw At toat oo o e @R Ahew
ubre 7% APy QA1 WNIER  WW o, WIS e
TR W, ﬂmmmmemmﬂ



ofe SRTESTR offaan 163

2@ Fove Foniw tAbwsinia iz atee ww P oA
fResaeY @ Tee ry M1 Axe I ofw e
TROFTS TS AMA GR QT & FATH IO T "G |
@2 T T I INAFT 5T T AW T
M AT PR FSATO® IS AMA

wsileriy F2oeeea Soma taw 20150 sde v
@ 1000 53 Temge o aiear ate (Great Barrier Recf)
wRfsers | oAt T AT I WO S
Capitan Reef wm @3T6 ORI SHSAITT AWNH €
THERT TP 8 A RIAAIY @R AIH SRS AT
SOMTNAT BT TGCA A R 9L oA ATE SR
Gy FATYAR OE |



™y wgiy
“fteiforas eitelcew @S fawts
e, faregel

e FMeeaR oot TS AT SO I AW YRS
i Senrea Bora Treante caat Tae s T oo
frem Fam s Sevrfe wpm fafew oot tont a1 e
T I AW AT AT AT BeoT® I Hoa ryTeR
sty Toew W ,

MET® SN Erfas sneaes (1) fAforer o Tiowes,
(2) IRG®; (3) RIW TR (WA A, @ FEARE,)
(4) oowes;, (5) FR@E; »me 3onts aalts faow
T AW

20w Coerts *AYAN T TR crAiee enetad wredar 67
e 75 oy {edt IA | Gt ARE TSNS IAT T, AN
T4 AR AT TS A NACAT 54T A1 r%er wew Rt A
FIHF, A I\ TAFY A7 [ AN FIOF, (@NF b6 AT
O TS Iy AeF) | AT A e Tiew teaY enemeiens
OTAA FIWT A OFAT ARG S O FAT T AU
foats oae} T TH BT FNEE, TR FHNEE € AW
AR A oot fxeer Jtts orewmr zee—

srafer sneraa o et faere

ourer't

(1) v e bF My
toat (FHF) cmeRe e —
Tt e THfoes  2um
oW, WY, MR-
TN, FW] TS

LD L

FL AL
T TRE- AT
oerer-

\

(2) ¥v @ v o

toat T (F-FTOT) @R-

TIW YT 2 —
IRG 2w S, RN
TR YT AW,  FACHD
oY A, AT o’

Y SO, ST

AT

Toomm @

AT I
TATIG, PR
I

A PTRE—
T STRAST-FATT
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oitoifores eituow azwe

FE, i oew : @} caelre SR SIS
T, afeemeE, oo :

TPIFRGY FITDT new

FCATACAS,> WITAN—a? T Tee WL TG HARW
FHF, N |

TEATER APS G [CPR (iEs WA 53W (T,19)
= awem (gravel) zem o3, amrR Wi 2 Tae T aom ooes
T AT T QNI | aererd Wy wrewd 30 s @ 3
TG SR MR AT TR | acee eredtes (lithified) g
oitE IemcRs. (conglomerate) A |

o ¢ IR, @ wwa (body) teat @ oA
¥7 fasgs ocx o, wan channel filling serat wedge-shaped
(TR (X TRACHY GFTCF GI € T QFWE 2T TR
wedge S teRY FF) | OTETG! AT FATENR T, blanket
conglomerate bed {zat a3

ameRers wiie tonfers (rounded) a1z I S
(angular) zx =@ eww e, (Rubble) z#m o7 ¢ W
AP TO GA AT (IS THAT I T |

NS W] I WA FAGIA 2TII AL ILF TR
«3fs s (frame work) reat @@ ¥ wiw wlw wia
smmen (void) e 1 wifer Fwerd Wy ATA A WA CEIGH
o7 ATETE SCEereR WA teAY s (cement)
qF |

mwhmwwﬂnﬁrﬁmm
mmmwmmmtcxturchmammm
aren frer iree Tone, fFena TEiUT Tune o
mm.mmmmmmmm
(ice faceted) zrw *MCF ; AW, A JATTE AT IGHA
o= 71 Tox ey 7@ (einkanter or drei-kanter) . st



166 o fae ereatam

WA SICH 56T 88T A1 O 4T AT A6 qTRA 9T TO5

ATSH @ FLACAG (757 IMT) @ie IB MR 2T
R TSI YT (AT 2R, JRR AAPAS TS, 7 |
oo Yy Afadniee e ied @l Twee wte (dip) =
7 ez o= SRR i3 M 9, i imbrication e |
Tiva orive 7 EEme Wiy arge z@we (direction of
current flow) wfwz farr a3 (Tor 74) | @W @MW AN
o @ Treea Awser 90° g R AT A

e e fE f@ oneEw G 9 o W A
B AT TF. @ IPAT ©-AVGR ¢ TRZNGTA T |
e Tgw THOIF A Lo WA ¥ @R TRz FE

fom—74
airew gfoar nyt 3 @ 3 (w3 worats wintg  (Rfies afs
(fer), wedte Fafarata oty

FAS NI | ARZSH € Vool T3-2 & TGEA © - LEATG
(tectonism) g7 $o@ 7T I | FLLTACAG Ny (IS,
RREGEIRG, ¢ by F1e Y og 7@ (mature) &y
A IR S NYAT TG FF F (WEAS GRS
qToq AT wW TH AT

FLMWAT (8 FIWME) Twert faemr

(1) wweresamas, (orthoconglomerate) —9% wmetx
FTpnfar sereme =op’ FF FARIIS FOTR AT FF
@8 IV FE T Ig o AT AT AiNE AT
TS € ARTe AR | Ko ®O1 2RANTT [, A [T aATe-
R W A AGES (3 amfmmﬁwa«amm
oo A, @iee (Teo3T ==3) e T



e omugrm e 67

T TIROG ARG ReAwaoes 2 oo ooy =0
s (F) Y TIEG RS weomwan;  (Orthoquartzite
conglomerate) @ (¥) rowifsd Fcomwas;  (Petromict
conglomerate)

(13) STATIAGEG, FCACD—arE  SfeRanE-
oo, Feesmaas; (Oligomictic Conglomerate) zenm  x3—
mmmmmswmm.mwm-
WHPET *Med @9 FPRO TG, e o T toat ascha
FrarRers: 1 12 9 o o et a9 W @R AL @R
T T ALMTETS T AT AT SR oo ad
FCEAHACIAG, 67 AIFCS 1A |

(%) gogartss PTG, (Petromict Conglomeratc)
(IRrtae a1 T@fq@—Arkosic or Lithic Conglomerate)--
G G Fer;Tere e o ST ergpted | 36 wIRTLIA AEUE
%Y 3@ IR (metastable) ¥ wwom swEEw srem Wy tert
T 9T T RAIT AT ARG, AT GLAIACAT 1S | @31 (3t
ST S SRS 3T ARCe 7ATE @[ basin margin-g
SRUF AR A weisy (faulting)  ax T awsEsria
B, TR (ACF GTH QETSH FUEAANCADBI T ATH WA |
«awg sitatsg (Polymict) ar peirTarg (Petromict) geammeas
T ZHI

(2) *NRTFCSATCIG, (Paraconglomeraw)—-am FLE-
Tatss; ao o, (Conglomerate mudstonc) @ @ !
9% g wrezar 10 e 9 776 e ARt AR A TVR;
anféw oz @ ol smwe pebbly 31 cobbly a6,
@eor ¢ (boulder clay) 7y fzsRnza 7% =@ Alwe fom
(till) | @ oo fer AE oM, TERTER AT AR LN ST
Toerme, (tilloid) za1
 (2%) Tewme; (Tilloid) —aar fzsicza Smars (<9t =41
mmwmmmmw;mzﬁwa
Soq TR T I W11 TCAET, Setdd e @ WA Ad
e NS A® ORI XA (TG, LAGHI (graded
graywacke), fas; (grit) e T, O |

mﬁﬁwmmetmﬁﬂwmmﬁwm —
(1) arid wagrer Zote Fw (flash flood) o wwiors, (2)



168 T ersatam

Tewangs 35 (0T SRUF TR IO, (3)) 4 AW F, (4)
e, (5)orafafels erwga wr

(24) Tomr (Till) ¢ Toom®S; (Tillite) resr SRS oR-
rwiore TPeRtTe e e fafer swom v snafas »mm o
oo ; aom @wem tx  (boulder clay)e zew w1 foer;
fofemme; (2reate®) zm o Bends: o @} sneta
FT, € RAPUANLTA @ A AU ST T AHMAET 8
3w BAfeaRs e onvr v wRx-Teenas Tox o Am
fororsr wmmr ae? R arpatIe T INI GT WO T TS
RO oIS A | TXWANT TR T AT AT
Tlomier ocs ons O IR I AENTR MT 5ACS
AT T @ T Q18T S AT W CF AT 9F 93
o e e T wories, wwomse; (faceted), 73 ¢ witvs-
FOT 7oy (striated) z31 @We FWe oo a1 Toemds,
ore’ (varve) ta werer Wb o SETIE AT
TN SO PACTAA ARG, @ O oredr I TXIANEA
YA IO TSRO TECY BT JAT APH] WA WD, 8
lseenT ey FTv enty smem e (Tom 49, 51)

(291) RWrAGE JCeARAG,  (Intraformational
conglomerate) ¢ (3P  (Breccia)—omarias TR
AW 0§ 7oA DOA'T IO TR Foq SRR 5,341 T7A Torx ~r=zmy
GFE GEMH SROBACR T G9f oz Lot 1 @ GFd
MR 9% AR TOAT O @ A *eF [WIFE. SATFIE 3,
17T’ VAFIT TH AT AW GI6, TN SACH T I
I @ *feT 7o TS 53T T JARIR JRCH AT T |

CHEG. A DET HIUTAA WG, AT ATEER W [,
GOT FLACAG, LT A1 GRFTIW BT WO F ILEA-
ATAG, TMET @ NN QIS HGAGI (AT TR | G ATy
@ FTATE SAPNE TIHH GAPmEy a2aF 5751 .16
U QTR SR {SAT (S A BATICHTE FLA-
TR oo SReweToR MR (W SrreryrE  TArw
(break) fawsr @czx W11 v SRTHIS offe teter W@
tort o% TIETe VAT I KN HH ST TR @R

(29) FWFTeT @I e Fwommas (Cataclastic
breccia and Conglomerate) w2} rergsy (fault zone) suzay
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F T I GF O ACH GG (movements) @
I AT TSN FOIEE e SFLier i o
«® omere T. Grabau (1904) “autoclastic” sy Twomrest |
9T TG TR AF 4AT TH O (W0 AT, I
FOAWCG T Sz @ TASvmy mera w¥e @ W
TG T SIA IR qrsran oo ruw @ vl N
F—e¥ery crush conglomerate poht 71wz @ (W
SHA AR FLEACIG (0T THIR FAT = 0T *ICY |

(28) *MEAFoT FFHTM @ e (Pyroclastic
breccia and conglomerate) —snratsfa e ST o
TEn IG ANER 5.3 Ao faiwrs 01 a3 v e
32 s @7 tut 3% oe Toew oo smacem A ar-emeas
(agglomerate) | @3 W @ AT oM TS IToW SR
Taers z wwa Volcanic breccia a1 @z s wwe @rey
st FTON T 0 *1RA (AT FACE T G 3L ST *Meqead
ey Tey ST ST TN ¥ G AT TS A AT |
o @t Teewerte Ifw amwewa favre @ oerm A,
Volcanic bomb | Imw-wraw sty oA 57F T T TR
BT T @GR IT]AT AMCH 2T 191 AT |

L, TN YA I WO MR I W feew o1-
owtors, wefTe Pyroclastic smef, @ W oo s @2
M1’ A SARATLTT @ TRACHTHT TS T | T ST
EE AT FCAEES, T (TRGHAITE T SEITAT
ATH JeAT L |

==t o=l FtFBas oftely

=riforeitaig ( Sandstose )

“Toeen YIS ATer T AR FHF +fors et
ooz e 4 7@w FHF Séwiw EME!  (F)
RS, (TGOS € 5T—aar Tt (stable) q=r tea'twm
- oI |
(¥) twemra—afs s WEre seemt (unstable)
B |



170 TG ST

() PN AICRI I amﬁ (unstable or labile)
M AT T AEE U, N a1 oo, e,
Toots, oo, SFFIiAT omeE, AW AT @ T
TRCE BAT1eR | _

(7) wrafexetsmmr (amgillaceous) o —enre: I
O AHAE (e (02 mm. @3 (T ') ART !

HIAT T GFASLTET ST (3 IR 9R G I
AT T SATAY SAAANA AHD 5 FAN100F Q2SI HATS
gig—Quartz + Chert > Feldspar > Unstable Rock Fragment
Fifermeca ooat Taewy ¥ Tom  Somes anfves Eomaw
(End-member) & g 371 J¥ww 4 Somwiaiees widrs

fow 75

aeta 517 et 1w WAty wfon iecw ) fren)

Afeoman 7% e ceetes (C. M. Gilbert, 1954) gram
zrae, (T5a—75) G AT CTis—
(1) em=Y (31 enw) (wacke)—zwr GRCAT IMTASTAT
AR YT WL 25,7 0F € F7HT 6 ; @A AW IR T
AR A T AT |

(2) wma=igs (arenite)—wifs @ o <6 Fferened:
GHE AP S qRiR oNE ! AR A [T AN
I (TF IMUH) AqCF A A7 AFCS 20T )
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Ateeneeiorn aog M5 srr oo wE i—

(1) cwea™sY (a1 taemm) (Graywacke)

(2) <acers (Arkose)

(3) Aot (Subgraywacke) ar fefes  sanss
(Lithic arenite) '

() embs owawRs (Quartz arenitc) 37 wrefiga-
aends  (Orthoquartzite)

crewret (Graywacke)

I AT Afer snem (wacke) ety TSR SAROCS”
AT XA AT | I IEG 297 *F | G
TICH (¥ FToH R R 2 G e o AW
MZFT @ (FEAZG |

(NS ICS AN Ao IRTS (7T T1F @@L 7TieRe
ARl AF | CAGHFT NeMd St onecsd 5o oqRa &
e Tertes caremt (Lithic graywacke) aret afw S
Tia R SORIIaE M 27 oA S (3 eqEt
= (Volcanic graywacke) | rgemema et omawe Q3w
WErE oot aremdY (Felspathic graywacke) ager
C. M. Gilbert (1954) rewes @ FirﬂT‘)T;TFRI wrogar 90 s
RFREGT UFE JAiis afe snewees @EnT wenst 1w
eTT IH (N AT (A 8 @B ~need 10 e et s
e 90 SR I T 4CS TJ) |

wiferfere Tewenag cofoes (Dalings) «ae ey frunerraa
Torren oersw (Simla Slates) gz sy ere;e ~fame roremat
WG, ST WUy TR G (7T A |

ST CHCTT 2N ATCeT ST F [ZAMA A o oae
foeran tatow rafe: (graded bedding) rmamm:  «® @1t
seg-Ta  weRtE T rarw O Twnw e e T
A NeTRTR T A AT CHG AT FCT aII6F o
a3Ts whvwe (T W) 3T FTALIE [N MR @ [T
T @2 WIGFED W SITW AF Al AW ONA AT
wwTss (microcrystalline) paste-oz € oUF. TF Wy WL
PGS, (PO R, (FIARG, CIPNRP | WAE af IS
MeraraeTAm (microbreccia) e BprEly WA oim «3



(2llkEm 0861 ‘N[0 "I°Y ) | WD
RIS la)8kRlEle BE (@)ielledle) (BHell) Kidiae 2Rkl {tldle bl D O Ehlls (@IR0F) BE lejls Sl 26 RQiERilOnIQd
SEhur ERkERNR (@ekd o0 Bhil |SIEOEIE Kikla® BRIERUOMIOE (bhi (22E (@Rgii) Hadbi kg kiki)i2E

1 8Jled@ BEIRYS kel Ripk) SN
V oL pa)
Hm . 3 O—.“E . .
(hom) tocpic ag £Riogis e
(12010 Erus CESUSE ) : .
e e (Hom) ruricag ekadl ¢ chisg

(aunduhsoabox3y Jo0 oI1)

(3usouhksoabn3)

v n..,wc MV L )
‘ i DLEKICIBHERIC DRIO - 1R 1SRIERIICINGY AV AR
LRIEER) plis
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pesg Smiesye nefsey -



safors enemy Tag 173

e (immature) Spam anF @R WA W @ T W
AR 7 T SRCFR AP AT *1eT 9F 7o LO0w LreH
MR T T (AGTI IS »MBABT A0F aR  [A&1as
(reducing) srfarzer Taear zwa '

eIl MY TUIVE T @ T TRWMT STy *1eT
THI I GRS SlETE T W R FPTere-
otz »rfacse® smear am (Tow 76A) 1 @an swfas wrfaca
fam s 37, @32 Aresr radiolarian chert @ pillow lava efraem;
™I AR FA WA C90R LT (eI ey ares -
¥ ofer turbidity current speam s wwrEr TATHS
FACS *MAN

mcaemst (Subgraywacke) ar fwiys wmaanks
(Lithic arenitc)

AXASTFT JFPe  AAS 291 X JTaAsmees
(AT 0 AT 5,31 (A=t “faiee Qg @3k i
R T IS AMAT *roa 10 Sitom I MG ARFCS 2M1CA |
a% SMeReie WMATIEGERS ¢ (FeNF T TR 5i7cad |
QiR S ST (unstable) secad 53 @ wwERT AR Tac
wsrogar 25 ©py a1 «agga Gilbert (1954) fafes smzawidt
e | Tom 5t ate @It ARCoeTIT PR TP JURCK !

ARAASTE TR AGABT 570,F (FEMFIMA) @3¢
wefor 31 TAfere HEaeG «rse MR AT A
(reTlT rF AT @GR WAl (NG WA GO
ST IS 9E e onfers (rounded) emE

AT IUEFT Ty ARACTCGTIT ACS AATAAT (4T AT
a2 CrenH (rFe (It NG AW A Bom FMATE:
e sty TosE WS ANl A «F IMpAiae e, 3t
@ ATFOT T (omate srfarae Paralic environment)
snexr i (Tom 76A) 1

faewra Terifas carty Arferenecan Sfgerond @ wrety
fafes SAAIZD ~Med |



174 i eeeatem
o (Arkose)

A AE N (AT 25 ersrm @eT) AT SesS
YRAFE I TW; AT IFI T T ARG W ARd
G TR A T O°5, (0w N18H e TP et tatE S |
g 32 Toew vrenert A1 Tee o

YRING 25,7 PTG @ (FAAE  (FAHEATE: TLCFT-
FIN, MATFE, MRS 31 GNTGS *TTe®H) e | FIA
AT

W P T

(s wrrﬂmaruvﬁ?. )
“TFE YT & '”fam»ﬁsamﬂm o st

Bow onmay tute dgemE 2 B g 9

% e

lalm-hc 10'

T , (T SIS,
R \7/\ / e N\

‘ / /\/—‘l_‘——-l\/N/

[ORED PR ) —_— - ~ I\~
‘\.,,._.‘\’\ ~ - )\ /\\_

NP B 5 NN
R ey A% e W)

- 9

& 76 B

wtarte 144y Beoifew wyge 72 w1 (3) 3w oy
Wy fira (F.]. Habert, 1960 WFANT) (¢) atiEs
antFty $NSAAT WAMHPIRY WIFTFI& W7 { R, L. Folk, 1860
AT ) | ( WAF -5 ozye )
HAPGTA I§ WA RIiTe 1 IS 932 TN (QF AT
TN AL AT BAWIH AT @R e Sof@ (immature) |
s T weeRlar (e FloNed  WAN AT, PEHS
TG e (OO €SI LAY (AT AW ; STRIGT Ay I
oo syl oA 20O IR | IS (U0F LTI SR
TRTTTA SIS AU IACE (FEA S JTeTemed I |
IS RIS TS *ed, I 7 10% g7 et smidw
Uiy, ONF THEAITeT GHFT I TF I (WS 17 O (S
zte weeenes trenst (Gilbert, 1954) a1 afve s
AMILET TS A CTFT @ WAL —ag 7.2 terity aﬁﬂ

>[N NCT 210 |
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ANTATS: mature Jfery Aoy CHFEAN P AT A | A
T AR & WA FA W@ 9GS AT @
RS T aR T mRret W @ Few wwa (Tor 76
B) 1 $ror @ v SRErem mRmTeRe Afaaecw e [0
[THT A, ST A1 A We?ﬁmiw zeg e P D. Kivnine
(1935) mriwmes @ ot o ateww @ savmsia 0 AW
8 FTSHTS WRINGACTE THET TTET ASTE AA |

IAITE, [ TR @ SoreTa Ag (iafoe) smmss
«3e oxidizing SPTy {OAT T GR post-orogenic terres-
trial accumulation s P. D. Krvnine (1951) wiaarew
X WA AMS R T (WOANT AT (@7 SHCE Z061 BeA
MFE 9% FIN (O AIRAN 0 Z0A | Ovd 5 7 ot
Yfae AF o1 Woay Sfesammt (ultra stable) ofay wreie
clinozoisite, epidote, homblende, sphene, apatite zwer 131

(1) aM%T GMET BATCRTT *7 (T AT
SRterorer (residuum)  oiTA GMIIR W€ WMENTA  SeA
ISt @) 9T OFCE @ ACWLH WA« ww decom-
posed @ reworked zx g THENCGHN eI 2@ Twwa T
W& ARG Ty A (Tom 76B)

(2) SRS 7 Fod 8 IEF-FE wRewe (wedge-
shaped) teat Fare *MA| ©IF @7 WA AES-TIOTF
PG @ aer oot (Red shale) g Febrtom ams 1

I € JAAINGF  IJUSTANAT  ©E 2N
(Pakhals) @z sty smee,  enwsom;  (Lametas) a3 eam
aTES oreear basal arkose grar 3 Ttsm aegnsa @va
RO @ yETyice basal arkose sl swewTETAT FEN
<fy Gagre oMowareen ¢ fITNIT AT FIEITH AFE
e ST AT WKe, @1 sreoEeR block-faulting-
@z Fres weherss (Tom—53) 1

wureemseres (Orthoquartzite) ar rewms wwa=iEs
(Quartz arenite)

i aferenemefans e 10 ewem w wmaferaimmy
W AT, GG QA ATAFE e | @R Wy ez 95
S @t FEGEHET qUF | 9 AR e 4T T



| (E2ickin 3102 "1 ) 1 kh2ijs lebhin B EB2AL ( SRENN. BAUNS)) QUALIAU) IS
| 0L g

2 | “ope £Ri08k) piepk R

(gue Rieve ) bma.aéﬁmmm_wg&ﬁ_&&cg

7

./ RS — N N N S =N e <
e 7 oS SR L Sl 1\;!/\\7\/

I TSNS +— - <=
\ \\\__’/

T A A T\
e e e N e [~ 1 TS \\J/ ~\2N= N | / /\,\
T e i T v ,ﬁlll e S e AN _ ~ I I\~ TVN “

TCTAF ST

et RN N - n..lﬂ - l.l.lell!/./ L S — gy ~ \ \ /

o T et T T f‘..,.,.l,./h x ._ o N\ % \/\_\ NN 2
_( — Y ,

. v RRUNE meayice pk Shwie

%EEE Eﬁawwwum_%m LT
- BlR Bopeld Rk Sl i &E%&ws.%@
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@ AL Flre F1 @ il e e @Rt I o
@i 47x (washed) @ amrertos (winnowed) =0 oS
@ nr—amz  P. D. Knynine (1948)  weframm<anss
NERN @ FRLT ARG e C. M. Gilbert (1954) 4

9% *NeRerTey vl (%) FAgeniers e e  sphericity
Y WAL () WA AR SE qnE (o) et
@9{1‘7&?{-_ (unstable constituents) AT AT | & L CATRT 91
T FHTSI. ATRRA @ SRHHH TN A A AT
FE FCAR | AT WA GFI5 TqaN IJTAT AT (7 9IAT
AT TRATFPR @ ATAT AT FB T WA o HEY-
SA A WRE O (W AAHFAT JECL | (AN AT @
TN T Tem A reworking pewe wiAeiea ©@ Aers
TR vefa womies R e ST SameeitE wmEtens
(R AW B AR @2 2NN @& ora (mature) ¢ wis
/@ (super mature) qag AR ST (acolian) wHww
PRCT @ TAST AIEE (iAo ) ofFae sataerss
@Z7Fw s JRewAT 27 (Toa—-76C)

FEGT ACAALSN, 1A AR (@ WG ARG AR
TAferer s =<m@r aila g1 @@ Weed = weE
TaE wiesie (pore space) ofe’ ¥ @3 EEBTE Lide.
FET wE $om overgrowth  fewma fAfer (rammie)
AT A7 WYCHAS TH 1 @ IE I wA ACAIIF
FET SCAF CH0a GOTAANY TEHA A€ AT T--F1Ae H %]
MR T TS WA NG eel AIEe o o esia-
oY TH € W% LA (A WS F M T 3 | eS1R-
Y eI PR ToerRd I AT AR A wvfGImier
aFFerR Tratainss s weie sira @ Caxis wad
e ez (T5a—52) 1

Tatsls srtETee @ I PRBTE T TS
SR S FAE, (7 AI 7 BeA U (U0F G QA
owiE e emew T oEY ofvw  wEregia of  emeta
wfesamsY caaty =% o7 zircon, tourmaline @ rutile

e 212



178 e o

Y gt weieBs oftelm

zow (Shale), wrecwdrs (Mudstone), fowiedrr (Siltstone)

AR PEATAS AT T TIE A (AT FE0S | FH o=
Tl zeam o NI B oW CER ATwer AN O AT
o7y A1, @ory X-ray diffraction, Differential Thermal Analyses
@ Electron microscope ow o =mm favey a7 @%@
@ TS NI AiwE SomwTe e T 7T T |

T T oFTeT M6 ; @F vy TR wa, i TAfenas
T toat o TW9Re A W@ WA 9T AreSA
srow: 50 enem ey wop (002 mum. g7 I @
Floveray ztaT F oo (clay stone) e zm)

reer (Shale) rzwer anfacacse a1 Temde (fissile) o3 om
6 oo (silt stone) | fotfafs (fissility) ts@v onezm
93T oo o I &= e FeAEe 3[R WG T e
sren AT IR (T5a—48) 1

I tz oW Temze o anfwwoe &1 7@ 39 @
S AT Wiwe (massive) o, OIZCA @ AANF IFT Y
3T e (mudstone) FpE )

ToET AT ST (AT T 1o @ O JRer-
anas (argillite) Fge11 @ 7w =mera cleavage »rg tAT T
T s oo (slate) FEm T

@ 8 e THIAPT 253 AT | QAT @8 FIT 2R
T I SOME R FH AT AI (T AICS *A—
wma  Fes  (Bauxite) | @B ooy (FEIRG, 1320,
T SHEG 8 IR 9T | O, NOCHN 8 TRl
TARE A YT AW, I A W TF W @ A AR
ouF | Jeaws (carbonaceous matter) e’ oA IAT
tomr (Black shales) =1 @ ooer ar @eT NTOCHIA TXA-
ST W QT G ST aver 23 aar F. B. Van Houten
(1968) »mtey Fw mifwced! TR o Torg @
TV AW AN NGO T AL



| st Neraa Tz 179
Krynine (198) rriraces

“‘mm—mww+35m@qmmlg
I AHINE A STCHAT 2R | *
W O RIS T A = | | RENEL

TF TR | S oW, e SR W
THRG TN |

Weaver (1967) wiwcies @ vrets Swus o3 cxer Rass;
{Illite) ety tz TmmTe)

@R T 3 e (pellet structure) oz 0%
TACEDM A (F TNAAE+HFETEs e s (I 001-0-3
TWefws) wom1  owr sRiwees e @ afwresg o

FECF A A A el wie @ g
(flaggy), Tovy wmatewatomm ooeerfer e (flaky) zm

ey ower (Black shales or carbonaceous shales)

O% oorer oTeReTe AT feAIRe «ae Le oMY @ ARTEIRG
ARG AAZY @ I WAF TF| amd ey 3--15% IwT
AT AT TNl TN HAHIRe Aiww,  EAa on3Ands,
TRITRGE 9% FA R LSAT WAL AJE @ LI AT
reducing sfe Sigceaa  wogaE (anacrobic) erfarns
oAt T

FEaeE smeae oy (Coal Measure) wga ¥3m
iTe S ey FET [oeT reT T | OF CAER SR A
Eiverra 3z TR e T T =CF T AW @ @sid
SO SRCHO | G IAEN Wi WGCH OTFA I (A

6T T |

e o @@ 3w o tTat 7@ TR w faem
*TINORT 2ATHE |

T AR W SIATHA TE AT IE FAAEEA
o mm—a(smlﬂ'cl) 97 IR A TIA [
wtess (Threshold)ss ', AMFSER 7% X o1 4o
mmmeaaﬁmwmmm&mn
&wmmmwmmemmm



180 TR e

o T ¢ Sven e ot orgm e wwH,S teat T
faog feemse (reducing) sifacqwr 716 Icq (Is euxinic
M TH) | GRENI @ AT A D T INe IF R
TACFA ThH— OF WY IRA € AAFRG AT T§ Aier
(T NRALG) 4R @ AN

—— 7

f5m 77

atw o Bestfiew wxge farwy Arfas Afara ) AP R T
AACHT T€ WA WA H, S A5 T G 6 a¥A w133 wegty 319
e R T

are oecerm sV, U, As, Sb, Mo, Cu, Ni, Cd, Ag,
Au @3¢ platinum group gz urgerfar AwE SR ATF |
A ST AMRAZOLE ¢ I GRS e ATeq IR !
% IR SRieFerd (9 AN euxinic sRren {eFT
R |

forforfoaer zeer (Siliceous shale)

a2 oretn o Wiesr 70% et 7@ gk «? THfe
esm& (opal) s@r wiifae eaiae ash gz {eat z31
s (Marl) @3f6 57 ¢ @ TR fafwrs. Az owor 2@
T G RE | e SETeN FION YICE SLF AEATHH
JET | @70 e 35-65% CaCO, ¢ IFT iF 4T @&
wrfe Wi Tafere sATema

forgreprsy (Siltstone) .

fes +05—-005 fxiz fwi Adtera FFRATH AeT1 *F AT
tort a  TooW (siltstone) et worier ww  flagay
oMed, @7 ToF o (AT @ GFl IPV] (AT AW | TARVT T4
WLt aTiae UE | (e e THRGCUTR Taes @i
et g (Tom—>51)0
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Loess «3% #iom &1 zem zorer amm? e-a7 Bwd, a7
I FOAEA ARF AT @M T FEITAA TN CONCHCA
AEPLTA 4R TETeNR WX ACF | AT T BWEAT NS
JAHHT {SAT A1 GBI TH (T R AT AR
Saewtere (acolian) fes: ager sww v 23 1

Bentonite (z@ wEreiae  ash-gz sty (in situ)
SRRET ¥ (AT F; 9% SROFS AWIEE A A TES
e MM | @1 I Plastic waz smectite gretn @ Nwpm
twew et

15 ( Chert)

BI6° @FTO ARG oM WeCHioe MATAS MR @3
a7 AW (TR X, TECFPOE TN (PGS | 5Isd Some
<iie ToAferer, o awy wrezer 10 o 3 Taarm@, ImewNEs,
@3 TGRS W ATICS #I | GG YT H] GO
Alwers temca chalcedony twar Im@ 1 BUGT (FEGE (FATH-
orfer @ 7wy (-01-—--0001 mm),

fafen T 56T AI=T FEW A QA T ¢

Jasper (@@ @R EWIBTRG impurity oy )

Flint (gt a1 Fo1-0&7 *mie AFTT FN)

Novaculite (xifs wmwr a3 @z sry e inddusion o)

Porcellanite (goacaiteaiag ST HA6R-NATGEATHAA @
FNECHIIFA Impurity-g &«y)

Opal (isotropic amorphous silica, hydrous fxfezma
THe)

TyRers: 2 7w ooty 5I6° A} RAT T

(1) 51 *mewazy sweas nodules (Nodular chert)

(2) sozrfEe 5% e A WEAY FAIATTG THY AT W
(Bedded chert) |

s ATwseer e aae &fe e foarpie woma SIRTad
TR | QT GG SR AW TS ATF | AT N
mmmmm,mwmclusioummm
wﬁmwwmai‘m&‘mmmeﬁswmmm&
R |

“rRTEY: S5 2TETGTANIRAEA QAFH NCH T



182 TCIAE mmodiaun

JOUT AGATHT OTY A1 98 BI5° SPTeRT oA THS AL, M-
SR FATET (ATNADBT) I A7 T2 I LTS A | GO
R PO AT AT TH| AT T IO AL OF OO AT oA
fZoT SRy WA CF | 9twa wey radiolaria, sponge spicule,
diatom Zenfw lorq wRfrebiew ower I @7 WO onRATEs
«f e e [®re M|

e

BIGA FOMIA P (3Tl s w3 @3 wow faoes
FoNTE O 7T AW 2 (F) SATeR vy Trferer afwdar (nodule)
fzomr «=*te *ma (v) Tfeasr sfessomtw (cryptocrysta-
line) &e@r e (amorphous) zxe »mm (w5 evrm@
opal), (o) o16° ATedraTa [oyy HINER PSR fafon a2-a7

fox 78

sty e vrelw witctats
ity ) fom 1 s$an cEtnibe
Aty (2 (IR (B v TICeE,
Storw Aeretet cadl e ) stafws faex
sthtat ¢ Fyofrefa @vd (4
wIWT FWE I~ It el
wivr RN |

( King and Merriam, 1968
AT ) 1

GRTPIS *o3 AT, SNF @ TN Liesgang ring (LFsw @alsrss
agate-gxy oy AWF) | @ Riwdwiom o W IMF A
o0 Fre Tfeer sewae  (colloidal) wremca Snscwisre
Tt (Tom—78)1
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CO]]Old-ﬂ:fﬂ m AR T (glue), AR €
Termion, aav oees sreer faowr sew (viscous) g dwat I
O T TF @ Wi rmiHe v A« Colloidal sy
whe Ay I (102 coge 10— Tz Taz) foomew ows 1 e
sey e 4 Sol atw @ @ Sol dr-wr wawer a1(Tem aera
ow gel zw Gel watt =g (31 o v ) 2w ST ove

e (Quartz feama) weer @ smnay sz waat,
s -001% SiO, fo=g silica gel fgwma 01290 matw 1 avla
Te A ToSremmsly & -001-006% SiO, ome  wefe
2o 59 (true Solution) fzwz Qs | farg B2 emacm
s -035% IEmuE TR AT AT € OF ATACR INE
TATe SRUTHT FACS A |

TUET oA Pies 47 W e -0001—-0002%,
N IAT TF 1§ AIN16S 2ot e diatom, radiolaria, wzwa
e cre Si0, (g 9T A, OTRIGT (F TATRIE @ NITAL0,
FRES AR Alote ST TeTR B & wweA TAiea
T WA owE @3 FWe sz e Qe wA. sned
Besrfe aafs s Tawm !

@R T 5I6A SRACHEA AW, 15e A Z0A T SIANAE
(amorphous) Txfag aEiTa colloidal sysrwoned A oAt
2| A N T WO K WA IAT ZF @ oA
wQUFCg FwE nontectonic deformation-q @ ¥ et
wEY 2 g te Briea @ e ereaie s Zn A1 e
N T 7 @ otew  Twiersr www (gel) foms feen
oS,y SUET MU IR ETF 10T A ¥ /A
diagenesis «z T IRTAE TAieR afesarem Ha @ e
peat atave | 5U° ted warw Sewarat cer wfquncy Tafere
eiAE sy bFAre WA W e A AR IS
sromEie Sorn esn@r (amorphous silica) T TS
o1 wAE a2 7 ot et alve €@ )
toat @ G Wf LoR (M (AP diagenetic recrystallisation
mamsﬁ‘m%mmummemcmmﬁﬁm
Montery diatomite si5¢ (Bramlette, 1946) 1

ersarmata W NN SArSRIR Porcellanite

T row
el SIS GRS @IG 2Fs SMEE
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SIS ftorforss oitaw
( Carbonate Rocks )

IR we won tert smetas snems IR et
g I JH—ST X7 baromed  (Limestone) ¢ wre-
2GS (Dolomite) en smem1 @ IRGH ~EATaw ~nem-
e wrn 2w «iNe Somve e s :

IS FOAIGTE 3
FEEs CaCo,
weargs CaMg(CO,).,,
seeee MgCO,
focwarss FeCO,
g=gs CaMgFe(CO,),
AT 2
sz CaCoO,

ety wfte  AmEg ofgwma CaMg(CO,).  ar
CaFe(CO;), W e 53¢ fZom 9% A, ST TN
oy Tog, sfqemce FERG, GRRIEGI W T FTHE
TS (IO B3 08T F[C *MA |

B @ Ao oty oW (e AN (AT,
SRR (AT ARG QARG ST (FW (I UHE FEALS
e ARG TorEg miwe witg enaty I wEew LAY
FA  OorE IR VAT gIor IFQNW ome @R FH-
55, WIS, (3 AT, @ (O] AW A NS AT
N (AT, WEAICIN, SFEIED, &P, aFTIRgEs,
fAAIZs @ N3ARG FITRG AT MMEH IF! B
torg oy CoAt SRR W ToH WYrHIS IATAG Aiwer
o doat x0e A1 e Tormw o5 eerta crzTer arw teat
oo ofem s (moundshaped) e v I <
czrgre© e (bioherm) | I #iew € =wAATN WEN-
MEG @ FNATATGE WwawiRs W {oat R AT TSI
soarte wlaoRzl e, Wiwe ar 5T FATNE AN 8
@ s T o ofataer teat T @IS TR IR
terea Sewageet enat oreza R oAt ZTS T
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ai¥s, moafae *meters e teat FAEA S ACHCHIE
SR I, T R, aE wels 't oaen Aies
T, T A AT T G, FIRECE aENee ST |
7T ITHRAA T© %, oloa wo == toat &= a1

caren (shellzam ariwenre;, orerss-«z oer) Twew teat
B, PICAE SROFPCE (Il (coquina) @y z@1 wafa 30
WAEE T € (N3 G.FAmn1e Sewfieeen Mo-be a1+ @3

T SRR 2T AT STET T AT | [(FFAT OF 6
FFA GATAA N

TR MRS WA Sororreas oot Taetet

W RS SR TS I Sy #a
ETits ©TF FA 2T (F. J. Pettijohn, 1957) rasm—

(1) Calcirudite At wR—3a2 IREG wia ia
2 T @7 OO IPE A SIE GINUAI AT
«itys ztar @ smuacs Calcirudite et

(2) Calcarenite—yer SNA=IZG—-I1Te AMBED: 15
2o 2 T T oee APRGE W e @A (detrital)
oeE (SRR ¥ AT FEING SATT TACHIE ) F
FE-SGANIRS A TN QAT S I A aE A
Aiferoneraa wo8 Fe-CATee AT QMR [T F I BN
BFAT BTOT SIS, SeNRG Eeyiw oned AW € Gt
FIAMERG THCAG AT |

(3) Calcilutite zFr@iiser,sias—a? *mea 43 el 7
'ﬁﬁmewwﬁmamﬁmﬁuwrmtzﬂw
7T FETHEHIES A AW | F [R5 AN € T T (dense)
afeas (FRaTEOE A GoreieE (AR-INFTHTE) FIASH
fafers =7e7 FATHEAPIIOLE lithographic limestone zem z4,
g @8 STely €@ sneaTiA lithographic gora  *7&
IRER I TS | 5T FM (calcareous mud) @z teat
o o7 g T TSR WIR—IR (M I YR
a7 teAY T A |



186 i eroatam
TAGE e S

FREH *Mcad qiver Some Soay (AIT TEECR| NeTAT
o ier o7 wiaT {oAT A o enes W, el o &R
zmm (R. L. Folk, 1959)_

() armainem Somvw (Allochemical constituents)
@i aeTHiae Sresrwer (precipitates) gz s et & A
FAY QAT IRTH IIG o1 TR AZTS AT
FATSIT @ IR FAYAAT .7 @8 SHHIIa |

(V) eriamer Seomitq (Orthochemical consti--
tuents) s amEfae Swrwrem e TeAT WA

() aemaiwrer $omiw (Allochemical constituents)
— QN TE YIRS AT SYOFOAT T CSAT TH AT 430
frstieriae sy Trow sere: Coat z@me—

g fe IRTG It e (carbonatc detritus) g3t
AR Ter vaw Lot 2¥ 1 (1) @ oRAriEIe ST 7R
CIAPRE *o3 SAHAT TCA oL @ oifel {odT e Snd
Intraclast &, tgsw limestone conglomerate_zrg ®orf=ie
TS (RN A (T CHCST SO0 WS4 TeRA FCaA, QAT
tectonic instability-z gra & o7 rores v | (2) SlRoewm
Tt T SRR ¥ I AYE e qww 1 (3) Oolite
Seap—arnfa cone A Tomrgte Ffemmr Swem FRTG
PT—LICE (W GG *MIe T a1z S11ATHEE SR Ao
CaCO, farxr teat zo1  Oolite uz saor;Ter suraere: aragonite-
@ PRt T JemBeria AR oEI-SitT tatA (T
Y T9E) AR AIW S cedt T (4)  rowEsH
(pellets) @arfer cars tomer o —a1 e s ey CaCO,
twow tort1 @l Sfwsneed onate s@m1 T57 55 ate Be-
T MR aR Tom 57 e PEFEHITE AR
A QTR | .

o reETEE SomEeLTe ey R TS
e JWE U TAHFC—aE I OO T II A
FTRAY TS B AT T (T Fo-aTeR) |

(%) searataeve - eoww  (Orthochemical consti-
tuents) worfor HTSFETI APTHIAE SOLWCOR F0T TICWTR
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Wﬂ‘gmq AT AATAT  ARCIT AT W LIS
(chemically precipitated) =1 «wa ame SoveregaT
217RZH ZF T @ TSN SV 2 ©e RSy I W —

(1) si¥erdiam IS ooze—gofar 14 wdwa.
FAALER e AMAINE S Seerwiere 7RI @t fewer-
AFE GAAET 2N BoT |1 & eE oA BlE
CAF—CTTN 7AW TGT, AHISIN. € SET (@M AT
(agitation) @z T SULHFIre TH; AT Lod AH—LANR
GFAT, AIGIFA A TN FIR QAT SECFNS ZCE A
G% TN T TS, TN 8 TS [9AT WP (IARA QBT
SR AT JPE A s AW JICFINE JLE 04T
JqIP |

(2) =omat aneds Twew~s (Sparry caleite cement) .
g e 10 qi8gw »awe o AT ImeRwe wmi L &AT
HABABY AN Sree . TeEmiens s’ I ¢ Qe MHms
=3t IR 1 @ Te IMETARG 00ze-aF AT (FAAHA FA€
teat zre omA)

FEATAG MZAT Toyer HiTST

IR *MYAIT TAITHT Jad AZNAT AN 0 A
@ TR IR (framework)  geat zrme wRGRZE LAl
T, $eAEG. FITG F1¢ A 0EG fwml & FHaa
Fiw e F Ao TEEFIPHIET 8 e i fzAra
O9% AP ARICEA @R TH @ SREWAG [YTHA  [FAE EZTE
feor 1 T T@ FAHEEEEGTA TReiyT ZFF 1 I3 AT
To oIFA TIN @ QI IG WA IWSWA ARG oA
somat eI A sfeFm e e eIl e -
oW T OiSRE Ui 8% e =@t I’
THRCCA SCATS G AR @316 T e, F% @ oS
Wi WS IS TR A WA CHwed ¥ I em <
T T G¥enR 5% FrTeenerEy Wl oWTRE  URES
(textural maturity) @R I
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GE BANNAR  Cmat  Taews @ e  Sameerier
IRTRA FA LA —
(F) MEFTFHIEAIT FNEARG TIGH |
(4) =Mt WENLS A |
(%) AATFTIENE T |
79 dfws @8 Toa o Twwm g3t foem @i

TR IR WY 2N Tow caefa GoATeMeTER oM TR
zwee (R. L. Folk, 1968) |

W8 oy« Tod ool GATNCER WS
(1) =mt aremsiwme svemem (sparry  allochemi-

cal limestone)

SHIJ FIETHTID
o

fowr 79
ety fox Bontwrn wgAtTy pRidteraa (4} frstn
(R, L. Folk, 1860 WHAITT) |

(2) wEtigHEls aEmE e sErnea (Microcrysta-
1line allochemcal limestone) .

(3) sEraoER sAene a1 TwgRs  (Microcrysta-
line limestone or Micrite)

oy Tl AT AR TNITA SHWILTA ST
eSS s T w s | (A TREer) S e
Bdravo., SemiRy, s a1 e e A) | e



oo e 1999 1%9

zaefla GLATONUE WMYS T GATIINITE SAWH ATICS
TR ST IR LOAT ZH TRFPVETIN 00ZC IT AT I
(2N TT) w1 REFIFHE QA IS AR €
NIBCFTFOIE W RO qoyy Fhnar g a1 T0we (s
wseg 10 ot aEETNEE Shvw wmRl Te N (eiF
_aWa WY AT MRS A SR areE e
oI qCF AT

wrery Taterw wooifve Tred Senea (7 A & 1Ares-

fo 0
A1 *HAT3T G5, FANBIMIRE | Sited TN fafgata | wgyan=
( B, Sarkar, 1976 |¥ANY )

TF SPIACAT SHIZA ZCAI—TRIET LTSI G AT
(Productus Limestouc), «@ioner sngscsm—maa site i3-
O ONGT FACICA (Algal Limcstone, Bhander, Vindh-
yans)—q8 FT GLAISNACA TIGE IGITA 3T FEIA BRI
o 79 a1 @ Ad Stromatolite (T5a—80) 1

weormes (Dolomite)

FIRCH AT (TR sy sreaa S0 wrem At
FREE ML) mmmﬂwmﬁﬁwta’rmm
PR GETES WA S (Dolostone) F7#11 SAMIZS
o Y e WG AW RS XA g T
Wﬂwsemw&mmwwrcﬂammam
WWWWWWGMW§EI IR



190 TR et

e sty 10-50% wrearss «iqer o ones orom-
Tafoe MM I T | weFA 5090 w1y A FEATAGE
TEIMWIRY, @ #&FA1 90 Sez c't GRS Aiwer AT F1eAF
weomes e @ (F. J. Pettijohn, 1957) (f56—56) 1

SRS A Taaiaae o (S AN R A
o PMET TW | FEARG 2 GRS AN, 7S TN
T 1:3 @3 ~1UR 37T I 00 FNEARG TS (@1 TR |
FELEART T FRTAG A INAAILS 3 SEANLG WH, TS
80:1, :

TEAIEL 2 AT CLAINRI0T A% Q9IS AU
e PTG AW AR A4 2 IFN S 2Mmed Im—(1)
SRS MR qT 5AIPART ACH FeAte.s Ui, (2) G-
I FSLAT TS FIGLE APT GLETATRG J1H WIFK SIHATAT |
2wl so7 = =mr sifavrfere (@ @w S-dolostone wem
g)—e T=etais tectonically sifaprfere «ewy T-dolostone
zer zrace (C. O. Dunbar and J. Rodgers, 1957)

T BeviE

O -SEATBTCAR BeoiTE Tooa 2 7w e & oong— (1)
FALER T CF SCANIRG HAGNG ATRIAS B2 SRCHIAS
meace (primary precipitation theory), (2) et SRUSIPS
FIETHTRS FANLER SETCHCH TS A 5191 2GR =7 G-
5"-55[; sfaafos zracg 1 (penecontemporaneous relacement
theory).

S-dolostone @7 FiwForTe St FEHRS €@ QATNNZG
Temr oy w3w ~fale’s T was™ e ! @ IS
eanioe TEtE CEWEG AiNE AW SHUHCE TE (SR T
zlq forg  FEmIRta afesuag @7 & CoAT T
T T IR TIPALAT AT INEHNLG @ QIATMAIRG
text @ o fesarioe zam wEmnRe sfsfes  zrate
GTIW I, AT R | ‘ '

T-dolostone-srfer sz, 577w a1 =eamw Twew wCR =30
sfmafe’s w719 e i wles aom Awmag (ore
deposits-g77) Fresy Ao eraTe oA
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AT TR AT AW LT AN FEHES  SMOEOHT o1
metasomatism Fox WIS AT SiATe 2T Swa adt @
TR LS M1 TN @ FNoTeT TS 0T A e A
BIo sete—ania are Wity wwE s cww wETS
TR swewlors T3i cxe «an enofas wetss ww aman
JAT E |

GRS AN AMIETS (AW 3T AANIGE @ et
I GG ATSRIANT P& G TEEG oot 278 o
@ ARTET T oR wAWES smem fewrgm (porous)
AT | G% YTHE T66 IT; URCE GCAMTRGR sy SMes a1 |

TS (= e W= LT
St TS
( Banded Iron Formation )

@8 TEIT TACGHMALTE SeATSId FSANTC AIF | 0%-
9316 =oq 0530 wi6Hom amr 231 @8 swaxiear sog
e WAl (TR @3 TNiATNGE A o/ SN ) et
(lamina) oz | W FaeERT Tafer sora s SemwrAa
AR o T 1 HGW AT |
T TAfess  «faw, feeads genfrr @2 «iwweis
TC TFA FAAANCAI T AN FeINIoT AT AL

e AT o ety wrewn fawmer afwe wem
oeE? TEnmm et Teiaea, efvamm smamad
TG AR, W TSR AR G @A, sffusar
wrATen tna Fentv mue e AR e wIY TS
A FACHNT SWE |

AT T (T R MR 2R SAVIE (AR e
Taferer1  woTawr @ wATA WiT AW eI WEA
BT AT SomR Srwie T Sevie walen
o A R FEA 1 @i smwerw Eh ¢ pH
el Rhsmrla faom IRt e



192 i ereaiam

femieam T SR sacmmEeLien son (1) $ex
wicaiaem  Lake Superior wigrer srEme sAcecR Ae
foge e oew  (shelf) Ry momwteTEEEH
(miogeosyncline) sifararer s@rwtore eme@eriews Superior-
type (FTorlamm aret) @ (2) Srewtaiae Siwmrem Ao
RweTss SRTweL, e Algoma-type waTsm-sTOTY IO ZTH!
«? oty it snerscla femaizme e@r @ *ReY
Troe *TeTT W |

Temieam oERe wacmasciag Ias 300180 #fs
FIT MW ATMIY | @ T SRR FACTLAR 21T FA7H
PR TSR STea TN SITew T | FIRG [FINe (IWaT
WA I @ Lo TOMT (R WA LA ZA A |

SStce=2Bi5> ( Evaporites )

AATER G 6R G TS, © ANF | G% FOHere (L 7 1-
T FCEA TR JELFN L6 (7 S o1 (63T &F
o RenAmRe, (Evaporites) @ zmi @ S@UHCA
gz @) (rock salt or halite, NaCl), gYemms (CaSO,,
2H,0) @ «unzRyrds (CaSO,) sxwersr @it wrar =
GRTGT I TSN A TN IREAC SO SULHF, (T
GrormE), feat Zoe *MmA |
T T ANET JPANHT FAT FAT 0K |

SSTATATES *1ACT T IPFN I LUCT AR 026 FCOF (FEH
teat IA | TGN AT TS @ ANIFTONAT 7o
e ZOTMAEGAR IG IRCHFY INE; O FR =W IF 7Y
o 4T |

TP OIATE @ BH (RO I TP 2RAX WY
e (flowage) ZH | ROAAESTR =7 S TISKI BTAT *1GCe
sereer (Plug-93) PR TG =ox T8 IA THS oIS
93 7o o (salt dome) deat FWME AMA FewHRARG
ATYTATS T ST GIANNTRD, *(CAT T TR s |

T SO T QST WALEA GO WIS XA
TSR P HLGH &0 T TH € TR AT & 1P LI
qTw |
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ATSANT &5 B°5; Toiew @ vw  TTOoMTET ST |
Fes a1 (Rann of Kutch) SYEA, AT T IV, 6
TRRCE (INF T ISR FOHARS wrfer wwewie TH 1
THIT AT ARSI T I TSI Ol SPCT e  ZTE oA
O o I W Tw (Arctic) @ @9Tis  (Antarctic)
TP O T WRZNCTW TEI G 9T LN G

A 99 FRNF IRF (brine) Peat 3w ¢ sl warwer
ok

=papB=s eft==y ( Phosphatic Rocks )
WC=FIJ|IRES ( Phosphorite )

AMATETS FAFE AWORI AT A A At
teat zm1  nEie ot Es WiNe AMIEe: «ooniRe—
Foer-arwiRs, Ca,(PO,),F, mmz-arspis Ca,(PO,).Cl,
g T-areEs Ca (PO, ) ,OH\ somebas swsn arags-
> IRTTA (ZTE AR TSN T | FHAES qTGVH ITHW ST
(aTzE) A iue oA @ S afReEee cem o)
@3 BATNYAT TS 9% TG A BGELD, (4FAG. FIAT
Fenin  orAT AA| AU TACFH,  NCAT I FIACLIAIRG
(Phosphorite) —a®  »nem wib7 ac e ¢ FioA. FEe
FYNE ATGEAT A IATFMADT SN HAF ! 97 JHHIA L A
FPATHIN THCHG @ INAZG | SRR *srear 80 e
GRS adte oma (P,O,=30-5%) 1 wocgraizs samifa
A AT ® PTG (AF JULHFAR FAG T1E b,771e7aa
FNENBLT WA wowwwy  afesegay  (replacemant)
FLEL—JICHAT TS AT ¢

TACIES ATATA, @ SITAANGLE ETTEE FICHO AT
SIACHH TANZ |

apz/or! ( Coal)
FET TN I AT STATHT oed1  Iivesw wNAD
FOAER T OF SevTG ! OF WH FEE WIZY SIOAMTIH T

emwsogfﬁm'
. pmeNy SN (XTA—ZTECGIEH, wteres, a0 e
ST e’ (YT AR ST TH W T ) ¢

s oe—13
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TSIRW A’ A TR w1 e e (S
SRS ) M W IRT oqRT ONIH S Bedma AR
AT BGTI IO WL T AGDTE MEAES AT WH-
IR 4ieer AT AT | AT A ARCA FION IAIAD
AR WIS N Rwenn e e, TR, e F afee Tates
UEF ; IH MG 20 @ ior wE (Ash) T o e
W FTHT I FH @ GUOT  IWMS AT AT |
FJM-ve FFAR T, e Tarmters g I e Evesw smmea
ey womgfar o o oo Rfew ww
Jow (e, fobidn, @Ets e Tendw 3w
fedridw  (Fusain) g qumles I3 0@ oo
mrrs | Tolmdw (Dunin) g saey (dull) orace—als s
I, e 97 W Siverrn  Ifmeww (TRefore), Giom e
ey e oo ;1 (aadw (Clanain)  grescia
Bvorgm tTCS W3R OF WY TTRERE MY T GFIG TECAHITA
Ty o1 Terigs (Vitrain) Svorge stsa s orace wadw
o’ 3R W3R TS KT, 31 2T TR AINTT FHEAE AT ;
@7 Borg wfeqE Tqow (FFFACA FIOE) AT TR | ITAR
Teor@ 5O IOiA Tetidn e @IdR i iRl oW
Ty ¢ Tobria saems = (dull) Fpeesria toat 3w
e Sevfer e Svem Sivess sy’ fafers z@
@ e’ deat WA w1 7@ 15 (Peat) | wwem anrwe: fon
tm—(l) F®F @@ feewids (Lignite)—afs w5
gwen (rank) ;e Uy A IMWT AT IMTT AR P |
ToSIZS ST TS SO 7T T FerorEes wety e et
oF ¢ Siof e Farg wwer (heat value) Fw e (2)
fa5;7s=m  (Bituminous) e &'5; wrez  (high-rank)
FWU @F T T FRT € I FAO AUF | 10, T
TN T AZH 1L € IS FASTA qlat 0T Z0H [ )
i e TN T Seame (INTT AREE) AR |
(3) @vemn%5 (Anthracite) R R Twrem Fwem, W¥
e iy Tqew W @7 WO IRT T T qF e
TAYRRA IV AT | 9¥ I e A, TS IR
TN GRS TS UMY @ OW I odtm o, W A
Fe-a Torwy OTeT TATL
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vy Beorfs ¢ 3w Lo odw  (organic structure) g
T Wﬁhaf@’—mmwmamwm
wam’wﬁﬁwﬂammwﬂh@‘ammmm
3 @ARAT T T IR oow Shvew gt Iwen o WA
smeeren focw 0S3T T O @@ A e (13 AR oS
AT I IEAR FCX (ST FAWET ATA IR SRACHO
SqrAsier TNy oely eEme W (Swamp) feAt|  waly wemm
Civese MY oo (X1 @ DIRTW  WTIEAT ASH TGAA
Thevy  sme IPRery TiaT  (WTROREG) T 9
REee I W TIF TE LT AW TACO AWA! o
T suor @ %, SIAMRFT @ [T AW FHAR AT T
ZF|  ANRMS: ©lF ILA AT ANURS SIS FE
{o?T WO MMF| SHGAF Tl IINF ANATAS AN
@Y #eT T O T ST ATIANT FHAR =67 AWE |
sipRrem Tatne e Taxngm fem Fme «fW wed @
WA IFAR AT Swd T we FEA reaie
TRTPAT | GIMT A (A O € ATASN PTSH T ORAA
Borq T T SRSt @R Al AW @ ST
Bivew R? FET oA AN ZAEA | TIAATG, AL
aReTEAle @ AEVH (ARG 1T IRUEHY e |
9% *eg CRIEET IR



GET WgtH
orrvn%ms siteltzm Ftst=fa=s Settvri=

ﬂraﬁms MEFMTETT T AAHNE OUWIA @ T
PTYFT 7T TACS oICA | Waﬁﬂmmm%@rm

oty e ez o oM @ AW AU AT

HICIT MG THM | (TE ) P

[A. Poldervaart (1955) rars wsalers ]

Tzoe e Towe 1)

1 2 3 4 5 6
g cifers|  wrefi-
1| W |wiprwte | ARt | fm | pAIUeE
%’ﬂm[ Seigh
Si0, | 446 92> | 761 65'8 622 52
TiO, 0'6 - | 05 07 0}
Al40, | 109 re | 11's 144 16°5 08
FelO, 40 02 ! 2'4 1'0 43 0°5
FeO 0'9 0'8 4's 2°6
MnO 0'3 02 o1 01
MgO 2'6 o't 01 80 26 8'0
CaO 19°7 30 16 36 3'3 43'0
Ns,O Il 01 2'0 3’5 1°4 o'l
K,0 19 01 5'7 2'1 85 08
P10, o'l 01 02
CO, 13°4 23 04 16 27 41'9

@t SiO,, IS s 70 ot ALO,, fatids 75
Fe,O,, WARS e 20 e MgO g2 semeta 56 wrer

CaO qrrs "mat
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ARSI AR e o o o
wwe? (1) -mibmm (K), onlem (Na)  cace o,
(2) amEREt+ERDEE  (Na+K+Ca) e wivmes
(Al) rere 1:1 srmpomen e e aice. (3) anter @ o7
1T A7 @AY FAiew (8i0,) oz, (4) srEs s et
e (Ca) ¢ swafem (Mg) aze. (5) rotaw
@ (Fet?) ooam wrm (Fet*) samg o e

TRF IO AECRE @ W% ThHA AETAe Taneermr
MG T NP AW O WA AW Swe fw 3w
e I @R FO WMk O 033 AR T e A
Poldervaart (1954) e stezcrm et @ o ataen |
orE ofe oE oW taota AR snerdd 3% avTETeE
TROGRT (AT ST e oA ST Tenerma [Aq AR @2
72 TR NF Y S WF AET «p qniAe  fapersa
Teeq w21 TR |



v Wiy
olorforss oitztan Radme Rfen efes=t

oitoifores fessiczl>scEratsy  ( Sedimentary
differentiation ) :

HHTGRCAR AW IHNT € qE AW SoMH ARZ-TI7R
9, eI dTm MY ofw fafay e s sfrarizs
zH, ¥ fafewy srfaczee (Tafen ammiae o3t retfes Sesam)
sio SREWAT T 1 GBI TeH AT MAZ TS MW Wi
R AT IWATF  Cioevmt Tornaimcmns Iom z3t
R 3 vt forwalmeemm @ sy 231

V. M. Goldschmidt zxfwawes w (1) @ TEr =
AAWAE OR TF FIEANFIEAT 7T TTACT SUHT O
TH @A FEGTET e (2) eETwaiiares-—«iarem
& aHiae Toma wa cston @ fawaE svma A o™
—a% oew werTafeaw ¢ it wles = (3) W
TSR Frlers A 0T ATH W AT O1F AT g, T ¢ Toe;
AN N AR WIAT JRGIRG [TAR Trwive X1 9%
& ey Awe T WRiRE Ry fedT FWe A (4)
FRUATT  SECHINS T FNEATHAN IRCH 1TA0E, @[
Lo MY VAT GATANE LAY o MR (5) (I WRIE
(base) HITS o ANF: WA SRT AWET KA HPS X @
IEPTSICAT A TUTHIPC ST JACHH (ST FAS *MA L
Fles FFm A TorEer e TR ZCRCE—

—_
| ' ]
Al, SL. K | Be Ca, (Mg) | (Ca)s Na, (K),
St | 1 (Mg)
Registates | 3 3
SiO, Hydrolysates Oxidates Carbonates Ewvaporites
Clay Minerals Fe (OH), CaCO, NaCl,
C‘Mg(col). C‘So‘ ’
MgSO,

etc.

«wz e Goldschmidt sz @3l et 2ot e
Reduzates 3 sy wwe Fwen,  afww few, sm@fes Ae-
TR 6 ATWE | aifer reducing (TerRe AR TS1R-
TF) ~facaee doat T3
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forsrmfar=sifer (=»s3 ( Geochemical Fences )

e sl 2% T TN TP
srm T faew wm oeeligemr wFm ozmi WL C
Krumbein and R. Garrels (1952) e @ (1) Tidtyr-
o-S IR @ (2) Sfaree-trerena conmsR-
Per—of w7 sew o et srfaarriae
Fouia “SIPEINE e e e wm g

(1) CReEReE-Swa ST —

AT TTRCYTEA-SHA FACIAN AT SOHe X-
s 1 20°C.g «if5 weer H-ion, concentration 107 moles of
Tooea oz 1 2w 4 ot womm R B @ IR G
T A, TrRrE w3l aiie e 7@ AT W aww e
B3 WA |

«a® Ao oeaive emniaws (negative log to the basc
10) fzomca e zter s o wfge +% sws pl e
seare §ite e pH o 7.

(2) wiwrew-Taerara conzesfummer—.

T T T (AT *MY QI JTJCTA T T |
= R, 4y TR (STerea W@y =0) Fett
feomr (Sfwrenm see=2) Fet+t mpfas wibre fzoma
(ST SR=3) (1% 7w WREIEa (2.34), emfe-
aewn (34:5.) s (0.1.2) wiweaw wrasen wre | (FE
@3Ts wisresn o6 (oxidation state) qazfs waifere smirea
sqrty (stability) fae% ata aovr wfwx eFew  (cnesy
change)' Qo1 39 W) SATEH ZH OF Trfa1 @ =T¥w
et T sfarer e Stsreea-Taere s ronsA .
1 wCw o, A1 Few-LenbATRE (Oxidation-
Reduction Potential or Oxidation Potential or Redox

Potential) |

—ZH++Ze (e=3rerwiN)
WWWWCWWWWMWM

aihmwmmmwnnmﬁm
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u’ima*nchmmOOOvoltmm a2 Afawrons

Eh 7o T

T MM JTWCeA coeoarme w7 Fh @ e
ZIECYIEA-S g s 1e pH-az & faez =@
A AT YMLYF FULHAAT O [ AT 2]
e a1 asa e Sereear fafeny seas Feoria
oo Eh @3t pH @mwr (Fence) Twtn Taow sa1 28

(efa—81) 1

Liome L

80
: Hematite
] Limonite Calcite
Mn oxides _| Hematite
Silica «| Limonite
G'ouconi'e Mn o‘ides
@
h N~
o Organic matter fence
~ | "
" | Silico T Calcite
T
1T a| Organic 2| Organic motter
Peot - matter
{en " °° .
Siderite
@
: Rhodochrosite 3
\: Phosphorite | G| Calcite
Glauconite |~ | Orgonic
- s maofter
u
E ! ha’. - ®
Peat - c
° . 2 sulphiq
Marcasite || Orgenic :W
. e
motter | g
-03 Phosphorite |—] Colcite
Pyrite Organic motter
Sitico
{5 81

ooy tfarerty pH—EBh IR g-rAtafk¥ ¥l |
( W, C. Erumbein & R. Garrels, 1952 gAY ) |
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PH=7 fa¥ime tov e pH=7'8 sanutar town Taoeg
7Rt Iq pH 7-8 gz rawrt ztar weon®s Seweer 09,
@32 7°8 ¥7 TW A IETARW RIS A

TGN TV, 11 LZTE HETPIRG-TAETs 7o @3t Fetrt+
@3t Mntt San8e-sRRE @R @A LT M [T |

eENSarsT afeon afzm=

Tertefgreensy (Lithification) s e srewmsitem =@ »fomm
B @ T oA vyTe I A G2 HAled e ~iaers
Fg ewd  TerieTereans (lithification) et #fer SRCw=
Yo A s TAtateraems wirs zre AmE, A <R I
I AT I A TetaTorenw gre »ma |

wrceatA (Diagencsis) : wifera sy a3 facaa sfeess
oy farem we wWESG Wi e weien syt
FIFT TUPY AT BCAT WHINA FLBCGA (YA AT
et 1 TATFAT TH TUT OTANSAATHA A |

sl APT  ICA TIA W T A AW AT O Ay
FnEiae Ty (equilibrium) Jr q@e SmAL GEAT SREQT
TS AN T WA @A F26 YA orFTes
—HTZR] FAET- @8 FI oM ey fafem e A 3w @
Tafem o= ©IoMss ¢ BU5 ZTH TIZCA CRANEHAIGE I6T I
@ @A T @ BT e «aB TafeEma cwsratete qer T
FHTNH THANSHATHA (& OMIT TN WS, Fa a3
& vifeR a ATaeeR, A Teq e a S 9

THICEATAA oM w,R onw o A gw—(1) IR
FAILHA TAX TAW A FYT ANF TIF @ GHANSATHAA TF
TR J&r T halmyrolysis

(2) @ M *FReT & W Sraew (uplift) a1 T
5w TeMT  *n7 W, wimwe oww cpigencsis (37 methar-
mosis) I ZHI

TRIBRTI- TS APHPIAA W4T Seerd I 113
HARF AR, AT, AN (FONCAR A AGA WA
“Hearem (overgrouth) Fz-rzewway e IgwT oAt Tem
(porhyroblastic-growth) | «fver »mmerq @3 9% sTEMy avor
Zen (segregation) Fewiw



202 sl ereaia

B9, YW, (IR, I A, Ao, e -
M S ARG AR *ryiorey) sfiaqew g CHe-
o T oRmEAoR W aRTe W e—

TACaL-Gur (cementation),  whmreRATAGT & oY
FAe  (reorganization) 37 authigenesis, wETERIGE
Tewsiamme e T, Jrereq §3q (interstratal
solution) e FANI N (compaction) |

(1) Tam-ber (cementation) i3 sfer wwa whe
oINS PN TUCHR ATSF PO 3T ; 97 T
Mg FIITET AS TR ANTOVA I IS GRS
a6 TG U IO 2N /TS TH |

(2) TRRERATLS FIALEE I W UCHA A —a? rrfere
sferg o I *wiete TR s Wy Rt e
Agw wfww teat =0 (F @ 2@ authigenic mineral), oy
@ ¥fqe Sorfrere g ©@ $om Ayow Wi o (overgrowth)
3 T Fiwy (enlargement) zx)

(3) crmEmATSE Towratwrmnm smfers sfem s
TR TR O T e T o I A s e
OITN  TAMH @ TR AN CHNN ATGSH, A Q1
Q@ YR WA ~MT TR FACS *MA |

(4) OHTEAGT COCARNIET a9 e e AL
T I 2 JA G2 Hed T Imerd Afade T A
IR o efesene (replacement) gz

(5) oo BRIV o1 WX CHREAILY cruTere ING
| SR SUTACATANSS GTeTH M tedlte @¥ oryle U™
A SN ({7 FH |



T WG

oSS Sitaly ( Metamorphic Rocks )
o e

TXF B, 17 @ AT TIACTH *NUEA [ A3ee
zx 1% ofgans smag 3emen (Metamorphism) zow 2%
T TS IR P(ACAT AALIIINE, TACSH AT S IO
RS TP T YA TH A | SHOCT AR
i ofere Temr Fa - (HpTaw rrvfere) @ wr s
TH DI lere U¥ IPECET WU NG AT

TS TEAR AT AR IO TIAMSE AT
G 9% FIACY SWHRA Yy WiTw  omerEm  amefAE  sRAaie
(primary, structures) »o(s; TeRT WG LT ATH | T S-
fas "ET W e M O} IRTeFeRy  WiT AN
At Borg 9 IR TomerE e SREATy
o e w|A |

@ R WG ATNIR 2SI G R Ay (equili-
brium) et Ttz e oA, WIW AeTeTAE Terw ffa-
Corpmi i

PR PATSF AUER FSIT T RS T ATICS
AR | *ATAS AT TS I ST (Tqaw 25° o1s) @
BICP T TH—0T TN ANF 267 CF A, Ty qymAedT
Wiqegagie, aw wfafes, aEwemzs, WmEs, 86 oo
(wmww 1000° z7:) emisre zoatedt | smeriae smeran o
e AFCEe Yiqe ATATCT ST @ BT T PSEE AT
TATH SPUH BRI | QBT TS MY A/ PH TH |
TAPSIAS TCAT T MR qive Somraogian v o
R T dive (eAt oW o @ wgm ofaaer ame rat
st T @} ofeecia o @ agR WA et w|a, o
e YA NI WHG T BogATT

N TorTTET Toura sy

o TemeTEe IR o ToaTe arart wfy Wi ¢
(1) wrormm, (2) o1 e (3) MR 2l



204 TR et

(1) oromrsss (temperature)  #f@Re| oW
WA (T MY TABIAT  FACS [@AT FEAN
AR I TMMIA  IEF  TeAT RIS |
Y3 @t Wiaw WmEien  afm@es W AW IR
e HfiFaeq FIEE  THR GOIEITeRR zeEe @
AMYF AL LATSIAT T AMA|  GTHF TSR Tewe
(drill hole) w@x #3 T tME @ ILIE SSHASLI 51N
WG WAME O AT MerAe (W AT Woidl V3
Fq Somes @aw 100-200° 3 ome@ecte W IIW To0-
wSige W A AN S (T (O AT IR @ I
Treomss Tafgmma @w (rate of reaction) 4z 91 «@® FA
AT Bob SIS (AT Wiww, @ Sfetes A AT
GATVA T, TICSE THATAATS T TIPATH (72T 218 | T2
gt TaTea AVR 20T *MF 9 TG AT AT W1 GosE
TRe AGE (W 7007 7R) @FIe e eome aifAe
ZTe WEATS FAW TN T ATSIAS AYIT 7FT QT 30
O YA THCT o0 IFAE T 93T [/ Goms-
TE ST T ST FNrE MBS ANF ©IFra Aren uixs
A ST AR {TAT T IR | A% I (AT WA
BT LT TAFSIAC TEATH SINTST T+ Y[ FAT [ACS
ACF )

AT TR AT W 9 daww Tafen wreimsw tea Wive-
TF MA@ @I JWER (zone) wE GART T
THE| @ (ACF (@RI I @ @ QYA o7 iaC T6TF AN
TN @F6 Frawsey (thermal gradient) fge1  «% 73w
fao UTF WH FA AT WA T T MRS TN W]
(progressive metamorphism) feor) ooy Taremend Sreere-
N 1 9w iy fafen wremss teat wmeie SR
Jrrery I|AZ I JNTWT QBT IA TAR |

ToeTS TeWA IAWTA ARG © ISR Terd
I ST I 00 ATE TR ARE JAI5, SImsFA yiee-
a1.7oT 2T AMTA. ST FYATE: AT AW T SR et {eAT Aiwver-
siee AT ATONIF A AT (YT 18T FA I
faform e T TW) | TYR AT IS AR AN
TSR WO, WA W T Tob wremew oAt wier Ty
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s (edt Yivw frew afeioe 2 ovw o goreuE
PGS | Foeq (retrogressive metamorphism) e gH |
RACTF TAO1dE FIR TS TI7 {FYT (A(F 6 TFSNR A ?
(F) 2ATT; =AY AT FIFR (T GNT AT TSRS T
TTO1sF ITTCE AT | 98 OISR grampel (thermal gradient)
T LATAD] JANANT GF OF TP 9F 9F I K | AT
AGIN T G "FIeTANFEAE" TYrE w1 AN ATANTA
(heat flow measurements) iz AT (e @ SIATSER
Fampel wfe (i seiwen o 15 —25° o any: oy
st ore aadE (stable shield arcas) sma 107 o333 qge )
@ ATEwE wgcer (Orogenic region) #eag =<7 &iva-
A ©fe A wreamEaE reei (pile) Rt w@te ™
e vgee 207 o/t fa: Te—w® 239 wo@ ARG,
qara 35 T T2 setgem 700 o wirsg A | @B e TAeTA
tariee “EIGHAEA" b wronced aoreeiae g LEAT
z7A ¢ IRIFeny ATAs T DY T WA A FA
GZSA CEAT MAZG NN SoATWE SC3 (HE SWPCA ST
v FAX ¢ TPF FLABGEIG (T 2031 (V) S I 5L
eorgRerg o (K), Fewimw (U), e tafam
(Th) s goive @ AT AT (NF RASPTG €%
Terwa T, aEw AT (sialic) wgra wie@m  FLamhE!
JTSCT 0T 1 () I Ta NG (Fe (Fe agie [ e
wiwe @ $@  WATAFTE Abw  Tqrd  oee I
TRATRT 36 ANTHISE AZCTT T 1058 A6 ] @ T [T
sifqae) A TCWE | O8 MEG (A TZOHAE SR BGE (0T
Fnierpiagma Salton sea wA@wTE 7% SO @1 T PRTE
MR qH | ISACA * 19T TOMETFFa I8 O3l 2AqTrg
o 96 TN ARG & & Salton sca goerey (geother-
mal) eARCS | AZFA] (P FH AW MART AT IS
ZCAR IR TTANI T6A (0F (9T 121 2ATZCF HIHT ICACEA |
(9) *MCAT GIT6 =TT B O =27 I ACS A, TH
T ST TR ATH | G& {7 9IS onery thrusting
shearing ztvg 7 IARTE @WT TWEGE  TWT O
TIMSFY Aiag LA TS PICF |
(2) ooy (Pressure) 3 Forsiae Tomm An e S



206 ’ iR ersatam

0 GO ANTF T BN TIT FEAT ST TN ; A AR
=y 51of (load Pressure), wemr forcerorios sror  (lithostatic
pressure) A | I TOAT WA ¥ ST FTAWHET ATS
g oz retrom w285 wsmiteE ) o} foome e wn 20
T T oretaom ©waw b z@ ey 6000  «SwwiwEm
Aqrere: @ S1or 2000 gerz 8000 @B iteAmEd Wouy omw |

IR Y TR Fiw @ 77wy Tewsfag o o a1 7,20
AT AMA1 A UFCE oA 51 oA (solid) wey mem
AW TS MR RSl aemea diemm wa faos
T, GO TR 617 PH.O oo 36 S1omss 8o L w-
e SR AMY | IR I Towerg Peo, Taerm sz s-
e T

e (Directed pressure or stress) —zg e ©iw. 5ate
77 TG TR DINWA BT WY ©IRR e wqe  Hydrostatic
Pressure 711 @% 33w Si9cer »necad So s oA (shear
strees) ITer I T FCEA ST 5 T A ©LF 135
ar Forsswer; (cataclasis) e oMetRd W FRT R
Tob wroMmrsay W® zwcataclasis Fomwery Tavam IFAT 2T
OO (X ¥iwE 2Fey TW TIHE IR B0 faow erew amE.
wm weela Rermer Trw-fafvs; (oriented) zwm are
AR OBOTT ATWre WINEE *MAE (536a136 (tectonite)
AL

AT ARSI (PR ACTI—aII6 S_WIA B9 I
2T I @ WEN T IRAWIT Toen afermert erte
7= IRTe orTgw (stress) TS 21 TWAR ST AR T
TRAA JMOA @ ARIIX (7 RSN X SAF IAT T =04
(strain)

IR Sl IW I ATEER JA oY W AR
SRS W AR ¢ W T o1 ey oiew <iEe,
T} ST T ST LT TINFE JIWI I TH ATHSH € I
Tota omm o1, WYTe @7 =T fapie (permanent deformation)
W, @ AW N @ 9} T SR FAG TILE
wmaa weuy plastic flow @

o oo wAe @t I sy GErEed AT
wieen amw, oy saloy sy faerwm (fracture) Besfe 27
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e o Guy (brittle) zTx g1 FATTRA AXT ARG TR
SOy @Berd AW yAeR fagpte A 73, cow fawmae (joint),
faeesr (fracture), Tepgfurfs (schistosity), ofwer wmeriem
fapfw (granulation), j¥w-+emifee (twingliding) e §w-
v wonifer  (translation gliding) | pewary W ofem
AR (NG DT FUES H1% IR 8 9IONT: {9gTe
oW (Tom 82 )

C F— X D
i
fsw 89 A
ABCD WIWIT $o17 B111T 0 XY AXSA utn 5,013 Jeoifig |

a6  TIWT CUA T A & SRWIT WL ¥ (IS
AW Bom @ T wewn fqerer (resolved) AT FE—

TAE CUA—F1 @ AASAT TR ISR IAIAT AP
W SWIETAEE U AT v I I AF
@ FeeT JRA | SyrzAe 7o ABCD 92 izis 5o Sy
wice (Tor 89A) 1 @7 sty XY «f swerer wals femgs
7 R smeat swee) @ ciws (1) XY swom wm
Srcatome o o o T, g (2) «¥ e e
7 i Tt e cdn N, «f 7 one 33 I
IW TRA eerE @36t rferer Iteerm ser amvT
or RPTe o R T SGAe whm FeeE N o) o
TG AT W3 @ NI ey 5F-1aw e e mer 7w I
IR FION OO0 A SHIA Cord 7T Imy o w'hnfam
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208 on A ereatam

(shearing) zeam »@ M3 fee@ Tagpe @ wy (oo
§9B) 1 whm wANeEm TR o oy TJgten ww
faats i oI WA WA FT BRE @ CIREIHS
CAOTRCE WAMTSN 2Tami?f FA1 TH A1, ST & ® o
TR AZ 43T ZF

/
v/
/

fsmes B
qHdm otqrEd (gd fafeetiaz avanitE stery wew fagfs ) g
Wi F a7 FISIET TR AwAY |

(3) worvers aPTaE S sweater (Influence.
of chemical constituents) :
PO QTR ANH ARCA IS SAMIHT AaTe
¢ T A DI T ATSHST ARG 72w (isochemical
metamorphism)  3teT1 WA I TECE T R WA
TS A7 AT SR T AT F; 36 YIS A | TS
w98 w2 TR oLiam @O A oW SO
Tafaamy oieer ok W1 O] Tt weE erER 4R e
IR TR T @RS oWRyd yrow  (diffusion) g7
TN 9T TRA T A AR AT TS WA 97N
XA T AR WIS owF W @ afeE wm



o Cee} Farem 209
W CWRAITGE wotateew  (metasomatic metamorphism
3y metasomatism) | FFH (IR SN TS TG LA AN
TRiTeY e SR (T AP DU SRR
TE MA@ AweiAT  oMerAw Won @t Sammiem
towt e omea, A Taetrel amdS wemTR PR T
Boron (s = aprmeias omets openae @1 SR
oig Na, K, Ca, Fe, Mg, Si, F, Cl, Smm
Wmmwmﬂmm%mmn

BTHe XA AT GIAW TCTR 7 AW T8
S A, 9 FNH G191 @ UIMF AR A AoTae Lo
T @ Tem o e Tfen zem =erfzw  a¥er
T AW A/ ARG diNemnia AnRinwery sl
T AT @ WA Ay Vi Tt aovmeag 51 @ o
oA AT JATT DG W1 B TTOAE I TS
(Polymetamorphism) e g1 oppresmt aomez (Retro-
gressive metamorphism) 3z Fenwerad @IS SHTEATY

Re: o 2@y Tmeiae snuw e ¢

(1) T@re ST JIAT TR ACHT TCHT I FACEA
Q@ SRIMIT HIRYCA "NYq O Foeeiae z¥  (thermal
metamorphism) | Frreias TeIW @ 7R «iE oAt I,
TwA WYy Oop SIS LT i ST OREIT A A
IR AT | T &% TN TATCAT Hewisr” Tormeq (contact
metamorphism) e

(2) ~neeEa e 537 toal gea 3T o W AR Aned
Y B GAITbE I, OIRCA 5310 YA A(eF b W TN,
I O AT 26T B Tl ST 157 TvaT A1 @9 I
o faatess sneacs " FPmey  (cataclastic meta-
morphism) 31 (@t dislocation  metamorphism 3y
kinematic metamorphism-g & IR )

(3) stems o arews (orogenic belts), fapos:
TorenTraa= S, IS I T T 9T wre aersiae
S(eg 74T T, 93 TOFSAT 0 > 11 (e I (TqNA
G SREAT Ao Xeniv) ohdT mﬂn TR a¥

s o3 TRe—14
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Frrews amine ooy (Regional metamorphism) e
TH | O33N TPl oed T G ST O @ SR
A TH AT GO0 qf IPwece dynamothermal meta-
morphism e Iy (dynamo=dynamic) | e¥erR FrweiaS
Tomer wter @IS (AT SMMEET AT wiReHg i (e
TIPATATR FCADBST Y (TN FAT AWM IWT 2D (T
Rt T e TSRt TH—STANCYy CHTARG, (ARG, MAD,
IIIRs ¢ THlranmRs «femiia e stsem I AMa
frwrp-afer (index minerals) |  sREetw AT,  STITIEE
QIS FAEG € B, S NINF WIS THITHHMFLG A |

OZAIY A APHI TS P T 8 FRF IS
AT 519 (uniform pressurc g7 hydrostatic pressurc) #ye@-
siions sapte wm teat (evenly granular) snery Tomeex
A | FRAVMT TUWF 519 ASIHT TOWMF (It ANATHS L E%-
TF fqG (T MR AMATG) @R N LIy 1 -
MIETO R AT 9T TAZIAT G TAPONT N H 1 A 217
(plutonic metamorphism) 3zz1 )

TS WYLHT AT THCE MR 1A ARFSIR 1T 50D
MR € @ MW AT Iy TeHA (0T TP @ qFR o
PR THNAINR NG THH T2 TS LA @ NI
fqoces afomom  IaCe "MA| GRS AP A3
(injection gneiss) @ TaesrGTRG; (migmatite) Pext =W
smrdy TREe’ i ZTeWFE I T QAN
{(anatexis) | @Bewy teRY AGH WOET ATG TEANF SN L-
e (palingenesis) Fen 2% 1 (@ WYCeT WA T PPSRA
ot RS ST GBI TR @ ANAN I N Somea
TP T 2T TR, TN WA TS o 3o
sl AGABH OOAT TH ; ¥ srvfers oz amRToreeTw
(granitization) )

T o catawrr @ atulss faq@ort
FoorreTae MGy wew Sl Yive o S AR rei-
Trem a1 «fw ¢ TR W 97 B Taerete
oerefiiaem TS WITH IOURA MZRT AR THE FAT AE
T SATHA T



Tomeecaty ot Faerer 1

of7e S ¢ W IR caetiverr IwE AN &
“neggier aFd terlee “Ty ov Wi sneme G weew fen
GRS TSNS TR T TONG 9] 3w i
T M o’ APPeiAT TRl WA WA AW TR &
~mmmﬁmmwﬁﬁmmaﬁt
e doAt ZCT AMA |

(F) TONPTAT AT 2T AAF SAINH oarer Aoy ¢

zagey (Homfels) % snemeciens ToeofHls =% v
srgpTerg MG (e 3w Tre-Tafysier (orientation)
AT 1 H19S TWMLIa 3 (Fie e aie J1Rts 2d adt
AAFHE AT TN AT A2 LG FA | @R, *M1ed Fwepr’ 31
SerrrEiae A ATeRd T DA |

oo (Slate)—FmrveEE  FAPSIAS SRE; @3 WY
eegy T (oafs Tacewr) mrar wm ofweerie
x1ier CBICY Tl T T |

fgends (Phyllite)—masa e it ameias onemt
@ srey PopoTAfon Sorfgens 5foes ol I FRq oiF e
CFTAEG 2O (e Lo IR | @% *ned ATeea 7T oo
WA CAE JG

fesp- (Schist) —q% smerz emmw  (foliation) r et
(schistosity) ¥@ =faem T I @R NMRMTCS IR
(lineation), e *MA 1 ¥ *MeF BAG I TFNLHA (T IY
TAEE ! O9F 9F TO@W JY @ O *RIST =o(F [FWH G A
CTHEAMCAS AT (AT AT SO TSP mm—«qm
AN AUTAEATS A |

A&7 (Gneiss) —a¥ »rora ~mme" =1 @ACH TN T
IR 97 WY WAS TR AT @ WA AR S
(layer) o FFSIETENR AT € GG ACIN FSF TS
v @t ARTS AR

axtgrrEn®y (Amphibolite) g% »muz 2MRT TIFT @
sasrterEn o oAt «a smme T et IO o T A
FAMGIe TRET 0 I TS A

oy (Granulite) —qzT swiple gy (even-
gnined) FomeiaS *Mud | 3 vay Ay (muscovite), IS,



212 oqriae ereatan

GITRINAY e ARF, GFW PO AT A PEHw I
PN "1 PR IO IWS  RA IW o0 o
IO 208 703 | AFLENES My A9iae Lo
sosen 4t s (grade) Togwn 3ca

% (Marble)—afé  Iwomwds r wHp «fac
teat areias e @ ey i Peeber qw o1 @t
THTATET TH AT FRCH YTqos (PO (N TS (5767
AR & THAENES A1 AR I @} e T tATe AR |

TigEds (Mylonite) —a% oo =i omeam wiwr b
T TeTF A (ST O AT AW AT | 9F Fqy THesa
(flint) T& 7S, TAYAT IMTT B 9T € NCH A ST
PR T LT AT IF (PR TS IS AMA | @8 *RF
GFFERAY TR Wy =137 T¥T (shear stress): grer doat TH

(¥) Wrrsiae *nwdy IPwias tat faemr

Bora (¥ IS (e ZCRR O WIE SR NUCAT
oo | 9] oateier eeion wuy fafem «fvemg, fafem
APTHNE AETOTF TSR C(FIAGIR ~NU 43T TS AW
gy 2 OT6 aEEiwe crelte oo ¥4 TW ¢

(1) tofferioe (Fwwr oo ) ffe (oS Pedt (e, Ta=m)
—uR WL, OO, ITAT AT |

(2) REGT—IFINICE A WE LS FNS Arie
*1e®, QTHG NI AT |

(3) srEE (FesiaamT) sfa (e Do —@a bl
oed, GETWIRG ;  GHA WY LIRS GR F-AiNe reume
T ae oA

(4) @ T omw-@THE oW seE, G (tuff) gae
IMLE T GTely ofe (I Wy e Ca, Al Mg o
Fe wme) 1 ‘

(5) wowwtre (Magnesian)  oqeE—AREA TGN *MeF,
FEEEE e e Mg 31 Fe oy wfer

o% vaerbtons Weemm  wios wow e 3 3w (1)
erierioy, (2) cemm e, (3) FeRsiaen (4)
@R, (5) TrrATE |
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= 5 veeta o Beomw T5r—90 7o TR TGME !
o wiwe  Ivmiee Shwreeglern afaiedom wowm em
wgwa ACF fregs e zowe  A=ALO,+Fe,O, (4%

ACF fagie &vtx 5 cafy  *Hyta Bentwix . wArElE  Setiwrw
IfeSroy rSwul o WAty Ity grare | acty <fwefory wayty
T

A=A1,0;+Fe,0, [4¥ *fixiq (NT® & NYCTY Na,0+K,O SH¥IY
AT CPMAMITT ATX TS Al O, I ¥ Sfy sfaxty ferwtyt vt
wane J; C=Ca0 ; F=MgO+FeO+MzO.
>ffase oot @ *nesa Na,04+K,0 o @it coemsronas

3w I ALO, ﬂmmmmmwm)l
C=Ca0 g3z F=MgO+FeO+MnO

WS *irzcyw o )

et e «Tvemcion »mrowr own  (stability
fidd) Y 3§ Ter I T, «iNG I G AN WO
FPSTHIS ANE W YIS MR A B <
I AGE ARSI AT, TAR T RN g
<o zen’t s oreiae wmeoy aww -
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yriatoes (Tektosilicate) oclorr s RS
m{mmmmm&mmlmﬂm
sy *rr v (KAISL,O,) smerss stamets (Micro-
cline) Tgea w%s; € o WEW FTPESIAS MU AKT ©
mﬁm@vmmmmmmﬂ'ﬂ
oy o | GoRIRS (NaAlSi,0,) s, s wroeias »muca
Toom T | TATPITT TeHH OF IWS  AFE
meterzn I ey (CaALSL0,) W et
e AR ol gwmas  ferg Tomeire snuw fger
rriAtenes (Inosilicate) purety «feer sy e e
NEATIT TPSTAS onetam Wy e AqnF !l A, €
TN T ANTSIAS AR ANTHCAE G VW € T°5,
TR TAPSTAS A "MEATHN Meq T | @3 o, ATeaw
TS TR, (AN TR SIS AT 5, Ma® T Tas »Maes
TREAE AR OF; TR {SAT ANFNEG HMeTA  TTAS
AITS 2T |

gi¥tmintees (Phyllosilicate), wwrfe g ¥fwm o2
o2 Tare e 0w o, TR TATSITS ANES
Tooraw | iy, Tuel, Tooms, oom—w¥ ety ST FIRE-
Tl iom o onF  OR GE TR 9¥ AT AR
COTOI I 37 e oA T - tﬂr{&wg ACT-
535, @RS «f cewlw ofwet wm [ Muscovite, KAl
(AISi;0,,). (OH), 1 w5 srmss b’ »mra it Na sfyq
F3 T % I MA@ 6, ST AT FHFS
ww Na ege w1 awamw®s [ Biotite K (Mg, Fe),
(AlSi,0,,) (OH),] w5 wromssy sneca Mg mw ==
o o Aevr sy Al Ti esifome »faae’a o i tprRe
[Chlorite, (Mg, Fe, Al)a (M: Si)y ono (OH)s] m qaw
womretae smew Feamrmy ¢ €5, mm wsmeias stz Mg
it arecs o | awrdy Sreee (Talc), smweeBs (Serpentine)
e taiadews (chloritoid) womefas smewan ofwer

wontafonas (Nesosilicates) : smw$ (gamet), aforen
(epidote), @ e fatwms Trfaredcin o3 s <nw:
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srfery (Polymorph) ey s smmscss (kyanite) weorfews
M TIT G IO B05 BICor 0o T (o ', Tt
(sillimanite) Bop SrenTE BORT T ANF € GGAINRG
(andalusite) wfomiTs s1eer (shear stress) wpom}, @&
qm-ouIETaeR  we et =M AT (gamets)
ToeTas wnecy spessartite [ Mm,Al(SiO, ), ]z snes®
Tors smwta  oF, TN WA LSS sy almandine
[ Fe,AL(SiO,), Jonmy oS wax S5 bRt el T XF
TIPS AWML WW et ooy [ Pyrope,
Mg,AL(SiO,),] =D auw toni—ateren (Zoisite
—epidote group) Flp; tate W AWH FTAPSTAS e Ca
@ Al it e g |

TAPSITS MUY WA AT I Aiq67 AT O Ty
FIEPILS @ TS oW ORE (W IRGU
MYCA) (T AFCS A @ QYT IZAGRY,  RoNRS -
Y er AT ZCEAQ FTAPSIAG *UTA (7T A |



U{fﬂ_ gty
wehisfae s ey el
| CEIT; TOrS S o™
tww ¥wm (Phase Rule)

@ e 93w 3T e (W A T POIAS)
et Fave ongin sy sReony (State of equilibrium) few
foar o1 wmm o 3 wrr Somw cwer g (Phase Rule)
TN ICH TINF | OO T 2w 28T 30w J. W. Gibbs
feis oraw vs—

p+f=c+2

. p=tx twerife (phases) w7y oo™ e SMA ITEW
aeqri cpwr (Phase) oo’ ety o T celfew
(physical) e zrmias sTammy @3t Labredy e Wk W
Aqime Somw o oI (LT TR FAT AW FAA GO, AT
ey aver; @y (andalusite), Twfenyrengs (sl
manite) ; ARG (kyanite), CO,—smm, 5w (CaO),
enrgaTRs (CaSiO,) geniw

c=®smrww (components) @z I, FIGH I MYF
o, T =En 2eAer At weEte e 3 A
s, o, /Y, g IRt @3 S HO e
text; earoas, 5 CO, s—2f6 o ot deAt
w Cao, C02 Fontr

fesamytwin s (degrees of freedom) zfw wmwrm @3S
system-zx ForeeR TTwTEs WS 1 oz sriaae e
SToMTe, 5T WA S ie www (concentration) @z s
TN T0 STPYNT TP ST AT AT STR FRYT

Iran—] ¢ ALSIO; Bomay @36 system-a  TeaTS
wrwiAs vw w1 (1) awepn® (andalusite), (2)
sy (kyanite), (3) Tfemma®s (sillimanite)-ea foafe
s, oo G ia Kier g armiae Somm st
TP W 2T T TP AR P+i=c+2=3, Awan @k system
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0. 175 anr cowr e orer R @ o =N I T R
—WTe SR MTNW (N [T TPS I [AWRA ST e
Btv O AT 3T TH—a¥ TIN TN OXF | N
Toffae e rwg (divariant field) ) 215 coor w=mor oWt
IR RYCH T TN GT—R TS @ 61 9T WG
936 TaE _RIeRT sfaaeq F ww I @I T
I SEive e TH—a? W W TF ENNT U
@3 e fAWS zi@ e (univariant line) gzs-
e cwr T

o
1

Kyocnite

in kilobars

$

Sillimonite

Pressure

~n
i

Andolusite

)4 N ) ¥ T
200 300 400 300 €00 T00 00
Temp °C

fowr 91

Al, SiO, Berrrty 3 fow ifrars wiatarky, rEAIRS ¢ aety
ey wrivre cwa e

wxe fouis fe-fweatn twn owe e awwomes
IS e THiemwEd o fodld  wiaw cwwewr =t
IFEI e AT uF W WS T W 9N 9v-
R e @ @ R «Tarey swlowr o At
TR T 1 O 39 SRS TreRey w00 eel e
FRAIRS- GO W5 03 ez crer Soe |

Gibbs-qy car 791 ema @ T’ Wi 3 ow amve
0 ¥4 (=0, STe Ty @ 511 o T LI SR
-mmaimmmmm(mnnm
point) |
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ALSIO, @ system-g sem'Ywsr cwaoior sRIReTINCE o5
BI% e Boswiomy  wgemln @mra (High pressure—high
temperature Bombs) sgway >t @ Teemr amn xome
(To2-91) 1 woimealn R ie 4 oA e 500° oo
R | L WA Gf AT IEOE

a T :
5000+ o . @

1

i 8

Cacos + Si 02

:

Pressure aotm.

3

Co o
? Sig, *Cop

<
200 400 600 800
Temp. *C

o 92

B @ SiUty AT FIOAIED + e = eAIBAIRT + 16T wIR-
wwite—a¥ fafants e o |

Swigaw—2 s CaC0,4+8i0,=CaSiO,+CO, ¢35 Tarwry 73~
sior Tafemrt V. M. Goldschmidt g3 spreYewsr R. L.
Harker and O. F. Tuttlegy ®~fg swasn 33 tiTNGEwed &
STt e W fatean 400° s =3, 517 arom fafesm
750° Tor 92-gw AB 3y amw Taer Friomm IRGH @ Tty
(TR FPEIH-HIAS W) WY g @ e ow s
woimm afwss ¢ 3] wit-owde (enPmEs+CO,) 1
a8 G Ove o TS cEw ARy TR ATF | ew T
wonm C=3 (Wt CaO4Si0,4C0,) wwm 45 ww
W AWK T T e  oleen system-f5 &
s erw-fwe e (AB mm) 1 fos cww i,




TOMIIAS MCH AT ST 219

(@ CaSiO,, CaCO,, CO, wuzy CaCO,, Si0,, CO,) f=2
TR systemfs  zxA P-ofmewts, ornw e tvr R
Mried *faeq T W o s T—Pefas aom
N 76 39 oW TWww I WA

¥ fafewr epfen cwtn zeor CO, sy Tatea somr St
ZGAA T N AT (F AW I v @ Tl W
oomess T (et AC N ZTE) | enreaTas
toAt TeWA TIUMGE BIvf T TNF O oA IH (WS I
IAT  GAPVARG TA (FPEL® A INANRGA (T @Y
AR THT AL | aF @t oo o Tt ww e
@ % 7w systemgz roen fwwdw (open system)
V. M. Goldschmidt wiatmes @ Torelas  smemgie
teala Fam o e bror ¥ e Ao le T F
O TE @ TAPSTAS SATONT FoABH (IS PTGH WA |
G RGO TAT=2 AT AT ; AT FTOA TPOMr, =1
IZET AWM TR TSWIA AWM OIAA AW AW
Goldschmidt-g7 @8 ARy aaen faaafore -
Toreer tow a1 379, IR 9R T SCNIANYT € TATSTAS
e TSI THIOE AATE “The maximum number of
crystalline minerals that can coexist in stable equilibrium
is equal to the number of components in the rock in
question.”

a6 omera 107 o Somiw  aww, ot ot wiwer
JMIA Wy AT IS A, oA FeO sem MgO,
ALO, st Fe,0,. genfw, g == 9% somian  Somnw
foaa T Z@ o TArae ¥ 3591 spasy (AlFe),0,,
CaO @3t (MgFe)O @8 for Sommea fefare aemofite
snea ATaeaieas Ty Ry oS I TR R Taoew
ot 416 Sowre Tt sgosater (Tetrahedral model) W
TR I A FHE T |

mmﬂmﬂwyum
( Equilibriam in metamorphic rocks )

Wmmmmmm
WIS THUT T 3—
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(1) «fer s oo 731 (Phase rule) swme s3a1

(2) w8 7R 4% RIS e AR S G
G Ol AW W1 AR A MRS (pyrope gamet)
") m (chlorite) . Txfemmags (sillimanite) @ s¥an-
Towmds (P?mphylhte) Zeniv

3 aFTS ofTE Tom «iTerE  eferd FAE A
(disequilibrium)  wREer fRrw IO BT TR
(texture) oy T AN

(4) «fFerin 3y *pfemEes  (porphyroblast) et
ITW  GR  EW IR wiwe e (recrystallization

016+
0’144
0124

0101

0o O02 oa 06 08

[Eﬂ] chloritoid
Fe

fomos

firsp ortery qwa AfafAR Medb e mMm «farwy Mg/Fe atomic
ratio fSTar cveiw wute |
o mm e W at Wk cﬁmm Mg/Fe THu gt ¥71
i .
(After A, x. Albee. 1985.).

texture) Tewp- TRW T NRSGEE wﬁwwwmm
O AT TR
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(5) TS W e I W wWieTeE TS AR
e fafemr  sEiver e ar 9w @ W & -
ARG @ AT W wiIe T #.26 (pore fluid) Peny
Fitens; T & ¥, mmawﬁmmmm
3T T |

(ﬂwwmaﬁvﬂmammﬁw
iy S @36 ATy T T ¢ I iR ot
R «iWER R W ot sewa sfaawem wFls fRatne
3o (regular distribution) oreqr a1 TenB e @@
Ainles maT ¢ FiawEe; yfwem Mg/Fc atomic ratio
o i TR (Tom—93) | W% o caee ovar T X @ lo
A @ N @ ANy wqewg Mg/Fe 367 emm v I
ourTe aerm Mg/Fe 367 @ faafae

G2 YFCR NI (UCEF ST 000 T8 1965 »1ecad yiergian
ARGl AN SATE LOAT AT |

TSI DTS s sy
wf=Set @ certs

MAS] QIS AT ALACH S SYLEA (A QAT SIS
TAFSIAC MO AT qH; Q% AT A ARG I N
IR TRWIA CNEDLIE (I T T I a1l @R
GHIE *AE TgiaE Femeias  (Regional metamor-
phism) e I |

SEEAC-TT  *n3e; Sger Dalradian schist gonawcs @2
yAem oy smeg ! George Barrow (1893) g8 wae@
TIFeIAe *NUAT TAPSET SIS 1AM I8 9F Sz
Ty IEF1 @R omAia cofafor Sema Tafws orfar
R ©R T TowEITS T oo, Teends, Teeb, widw
(Gneiss) »me@ teat zomm! @2 sne@sian s Barrow
FoN A m-ﬂhﬁ (index minerals) @ ZFEw Nqﬁ?ﬂg’
S SCET W AT TEHR SeLie R S Teiwe
I TH| GO AW WIS TNMUT AT W B
fofzes o1 TH—arE Isograd (wndvmans) J&AA1 @F W
TACE AT A «agery Barrow (%S (chlori@e),



( Laspaag,

,.m =Lop30], :0ER) | avot s..w .....w_iam“wmm__/,_wv.%__wmﬂwwwﬂv
1 ( Bikkin 9961 ‘30 'V) ouompuog B3 .%ﬂ._/Vﬂ, \&w;
m e syeags edk SO — 3
IDR@ BRIl Slejhlin 1428 $N02I03}0) (SSSSH
leddha MEblld EEdielkd) . ouoz ai0yd [Ty
4R LTI Y YA _ wr a0 [2)

ouU0T 1009 B
te ry w0z -..eo»x.ﬂm_

suoz euuowiys (V)
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ARG (biotite), ss (gamet), sjrapn®y (staurolite),
s (kyanite) e Twfersyrn®s (sillimanite) m
e S Toles s opm G R SMRTITICER WIS
QIFRF T (zone) F MeW TW € W AJFI—Waw @
GOUFTT (T PG IH THAR AL oA AW ZH |
Barrow feom 3tam 7 W} e I TATONORS CORRA
Riee  aWEDE N G ST DoAt TeRd  NW
T e o oo wRReY Fea C. E. Tilley (1924)
WY @ FATOITS TR I[G TS ST (2AUS Tefd
T SIMT @ B TN |

ITAMA ST RS *M7 @ Aps-«iegion  wow
FIISTR @ FPPeiRe Teaw ey, s (Puyo,
Ptotal genir) Som faes aa < 7w WeT WA *mean
e Somm @ Immwiwe Tfewm sihetarem Gom

GRONT WRCNATTT JIH AN A IF *leqa
Tafem oMt FoPetad N1 AHIOIR 9579 I e |
SRy ey sy S (G. Pilgrim and W. D.
West 1924), ofwpaqresrm  wmifeTer (S, Ray, 1947) @z
fearery s (Ton—94), Tiegma e snem waRTe
Y ©F ARATME € (& AATH] FF TG 27GS FAT
TR € NI T (A 2R TAE F 1D T A_0Y
WAF O] S LAY |

Barrow (1893, 1912) s coffafoe oremd @ #59-
yiegier fa@a 3w RReYINe ’AAE Mo (R
g oneF—). D. H. Wiseman 1934 ; zfws smafos
s»mya—F. C. Phillips, 1930), g3t etz »neem (W.
Q. Kennedy, 1940) szay Barrow-z fafery temst o ammafas
Sy nuea o e «fae doat ow o Trem 3 Toaw
97 WA (FHe 9T iAfeE snew Fr qeEre Barrovian
Zones fxivss Far Im|

2PeTS: I TW [T @I% Srn g e Tiew Ape-
«Ter g q Barow @ WA TFE IEW, *ERS Y IA
*Eskola (1915) fsemmer wafowr (Facies) Toromiam wom o
FITIF e IAIAT I I 03 Wy ey Il
oo T AW
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- F. Becke (1903, 1913) memefas omuc «fve Ao
(assemblages) @ sty (texture) spesr FLoPoTas Zemd
RIS IR Ao aemeeiae
o oA e fofv  aywe: 2 o o FEA !
Beckegy wtw oY wevtws sapwere «iqemgier @t oo
o 2ot zH («rz volume law Fow z) | WEN TR 62
Tafer setrom watas 7% Somr o fefamme S=er e
(TAS B @'SP(1eT) O Al *nedd diver e ey 7o
oo 3 =z

(%) Ooa wom (Upper Zone)—pror Y Tem@ &0
a2 Sgon Tafeamcin zome 3o e T I | 9 J9ER
Ao iAoy, afonel, om, FERS, «@TREs, «of-b-
OTRTES, TETRbTe, Zeniv |

(¥) %5 ww (Lower Zone)—a¥ igrer (e} SICo@
ey e’ T IR a1 Tatesl wfqeeia—sn2atam,
oS, wiafen Teontv!

& 7% Sgery e rerwe Tatass ' caa Teemen z@ia

F. Beckez forommar w7 g U. Grubenmann
(1904) wfeam T TOMSITS AMTIT T IJCHAFIFS
I LA OGO AT O] GAT I TeAs S e
Sgre Torelae cneaeE teet et

(¥) T o, afwtew  (Epi-Zone) —o% s
TSTAST TWIA T 03I I | QYA STHF I @ GI9f I
U 9F 9T 0T T3 (Y Toe oA | Afweriter =w, LIRS
S, oatorarE, oferem, CandWRS, GIRIRS,  FNEPTIRG
o1 O ¢ Toendd Of StoR M| (¥) SROW WA,
e (Meso-Zone) SrmsE @ 5% SOAA HWH NTF
R T I e e URE 4T T TS A 1
afverclor a8 ST SMERT IR O TA-IRAGILS, M b
sSrareTRS, IMARS, wewTeAES THEe feniv) v
«% TeoTeR Amemt (1) Fioow swer, Forcom (Kata-Zone)
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el S e Tas Te A% AW AT AMMTAS SR
I 5¥rs wnea | 51y (hydroktatic pressure) pgvee <
@ oiengin TAfemeEs, a-orpnds, TRwmiww
winfen, *n¥atam, M, TorErs, o, . ovaes enin!
O} TWNE FIFAF ARA ¢ WAL NG TS TR

Grubenmann-g3 zayrt SR u3 93Ts «fvws Armerm
TR I o%e 30 TR 1 IS *neeE Foory” of -
Aara«a2 (mineral assemblage) fagwere wo s a1 T
FATSET TAE A TS THOR ¥ ooy Grubenmann frerz
FATLE, O W 8T T FRA TAPCIR M oo
e (Y 2T YA, @THTT (IR [T WPTH S NN
T TR TP VRTAY ARAT AT (AT TS ANT
e @R wierier fowenmw  teier Terdw Bvm wme
miertor a1

SHEITST TR (=537 (Metamorphic Facles )

wTwpe FAGEHA GO QIS TR AN SIRCH 5~
frcen TomeiTe e Sem IR wmw oww V. M.
Goldschmidt (1911) faprm s’ Toterer-catrem
e SmEms IEF) 9% gTIwe fAfen aAmiAe  Gem
T afde refl MY¥e TATWHA UAN1A 47 T YAw
TR PeA IACE | PR ~negh 1076 smraer iwces
weyy W 4 a1 5 ot o snezecier deat «F «fqer FEIoR
et oy I Goldschmidt sty Faw @ sremgiar  smwn
srer toat Toatem | ug el S faamrer-
F O A ACHTT ICAQ & HN ST AW AT AW |

feromon efromet «fw wawe wtemfaam wem
sgaeen 3 s P. Eskola (1914) & wegoars srepmciom
7% ¢ IHTAT DM T ORYE TAMSTTS TN
s fofocer iveme Svapcia P 31 o
SR TISTAS M G QU TR QWeTRT oot
ST @ I T LSAT LA WINS T | IR IS oI
«¥8 I SR AT Tem Wee & WR wrmwH WA
fafery wister e tea www 1 Eskola wre orem ov faom
TTSF @ B mu:wmﬁvstmm AN AW

o 25 fa-15 L



ey T ¥ 17 ofer Somw dont wowe oviin @
"GN AR ST Se T Imn

«fer wmerLin e Treire cnetm tSat germ
e Tefomer oar 3 oty aiae SomE
Gy ey Foa1 Eskola (1920) oo 3aw ¥ (0. o
G WIN TP vy Pet e @ AR oiRemrie A
mt@ﬂmfsﬂmaﬁemﬁr(ﬁmﬂ«m

TPy I AW
* “A mineral facies comprises all rocks that have origi-

nated under temperature gnd pressure conditions so similar
that a definite chemical composition has resulted in the
same set of minerals, quite regardless of their mode of
crystallization.” (P. Eskola, 1920)
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A TECHERGT TR T oA EIvGTA I5 q et
T N Gf TN AORCE MUOT N IR A T
teat (tvialis) efreemmiins gempons o wfecmns
wreny dhe o cefwaaes fent e o



ore S5 TR, TN OHEIF  INE  HOnOERS
mmcﬂﬁmﬂmmrﬁwmm
S;7ufer (tourmaline) Pozt zrw oma

FformE, oed e eAFiae g o SermiTe
TSR W CPRIS Con-cwRrrenies Zefoeeer btz
& TITEIL CITHH W @ TIOPTIT ACAETDe ot beal A
¥ TE  ACAGIES, QFEELAIRS, FATCELS, FiNe e
TR APTITOIRD 9T | ZIEe [39er o ~mea T\
wevpy” Tvratae wAw

AT @ TWILS *MdR TEoeriae A Powad I
JPTe FOEADT IAIHF TRA deAt TW| FAveiTe
TEHTH AT ST LT TOTH T 9% L1 2t (3 ATeer
i gy Ml wieiar o foar o 8@ o1 Teq F)
TAloRT qRUT—emHNIRS, RTINS, CiGTens e b
toxtt T 1 Trferer wieiae W areter gaoaRs  (Forsterite),
Tea%s ety (Humite group) «fwe, corfawgsr (Periclase),
g% (Brucite), fsaer (Spinel), wmmem (Corundum),
e FewrTer Tazen Ca-Mg silicate »e3r I ¢ &N AANL0
(lamnite), wsrngs (spurrite), foferns (tilleyite) Zenfw:
N. L. Bowen (1940) @z SRIToR FCET T LT L @R Aien-
ST oM @ GIAIET SWGING AT A @ F o
Ty W SR TIPS o, e #wee Bowen 1375w
(Steps) Taew Fawen | v «Tverrie (v 7 Tafeam woor toat
&x orghr Poo, g3k orvmess 8w fremnia ey Peo,
e a1 T o Tiwmmcing AR erns e
ml

- (Shm)

mmmtmmsbf“ Fe ax
Mg Srgeica 0, Sreie cRbTTH et T, = (skam)
ez toAY T | AAEPET IR SO SR @ FTA N A
Yo RN qRF | BEW OO Mﬁmﬁ‘lﬁ
mh'ntam mt&«wmﬁqm m&émz

~



T sneTmy T 245

TR WAt Sesforas oS ofteign g
C’Lﬁyﬁ'ﬂ%‘@m

{ Low grade regional metamorphic rocks : Slate, Phyllite
and Schist )

frd e om wo smmery (foliated) opeacior aw smw
gfar Temelre smEi R Trmen ot e
TFEE W, I T G cnen 8%, M ArSTES oM
20T 0T AIA—TTT PRRS Y TR SALINGAT I LA

@ eFeiad won wE oafvE A W Eew ofem
Toarsiaes  TROcvE, It (Cremd),  WMwenIY,
RATNZG—ACAS ), AT T OoAt MAA, JOWS A QIN"T-
MRS e {eAT AT, rofareiRe ar AR AT e tent
oA Toro

oo Fneeieny oy T v Ty (fissility) e
eE IO Tw oA Tacew  (slaty cleavage) wftcs S-plane’
@ T X Tweem wog o (mica) e rzmndoiw
(chlorite) Fopmriar Trefafrder (orientation) rem)
oafs Tavew sl wiiv seamem (bedding) Towre tr tame
OIS MMA! @f AP A T 9N TIew
S-plane wrg T7 teRt TEMA AN I A WEFT A (FARS
REPLLTA S-SR 90 (ATF A AT T G eny
strain slip cleavage 37 fracture cleavage ot T3 T
N TR Taves e wiintmRe e A cerincrna
(foliation) e =nfa: .

OIS TR CUCF TTe T SIS, AT LAWY ANEATrY
TS T AAT FEER (2AASE W) IEIRTST et
wro Towmss e teat T @R cUTE WY SEe AT [T
et 3@ oE etEE O T WS 51aTsw orar AT
% MG T AN OE, TGS RS, Fme,
aRRe, aPUED, WREY  ex ANF ! WHe MY @ Wi
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anwore  (Chloritoid or Ottrelite) Tt onegzm  ARMAST
o«f %1 @R W oo Mgy ad (spessartite), -
RS, a1 TFRIRG TRRNRS W1 WBA RS S R o)
Ban'ow-q MAT ‘toa almandine sEA% (Feqw) quz
(T 98) 1 s Toedn woy @R TG S BeaY T
TIPS AF NG (AT oS, § I ZN; - (FA-
et frem wAs Eskolagy ferens estwamids moiwom
TRTELE A
mmammwmmﬁmw

N A A R
°3."i".;="

‘\."
N \~ \S
\ 471 1 K- \\@\k “.}

: foa 98

MNEAS “rafFrarardye akw b oitex 1 ¥foeaRs oM1rdd, a¥wt

® CHTRITwy T gfes Wit | ( wigdwfiE oo eyt fiz fe )
wrBfre &TT, $1AIG11 (D, M. Carmichael, 1970 WY ) |

fop 2ot zm, T W IS, GAAEG, APTITEES ()
«foreD, "1, FEES oniv AT | ¥ W TER WS
o orreiae s IS, GTEs iR oSt
ofrer  OTiwIERS wiAeE e seremRs  (grossu-
larite), ERWPATRG YRTS M| :

wrs mm«fwmmmw e
ereire g altateed s deat T @R oneRw FEIES,
afore, o fimendd oW o MR T @€



AT T T T (F) m—afvms—qﬁem
AP TR — (RS ),  (¥)  eiormmEs—aTeomen—
amtem; o neiave mmterdw W am\tv‘a‘
Ny.)

ai HOW A AT CWOE SN WCNE (D, T
G, SRS AT AW Yo Torrarery (relict) oy am
% 79 UWE A terze e (lath) 37 Sgema (tabular)
A BN W ; 9 e TEemrerRegier «erids, it &
afores, oR TR, S, GIHEERS. e
(Prehnite) a7 szmpen v Taow sifaate’s zos o3, oW
@ W e A% T TERIAR ey (pseudomorph)
WO AT Fx ONd Saussurite g3 @f aAfFAT
saussuritization &y g1 Blastophitic sewTy @ @ o™
T I P19 TAARS I BT NF—aR TAROIAS 2T
aforomcarares (Epidiorite) wen zm1  oTromamnse swwe
v Tou; wiiv satezom A weriwie® (wF W
TR T TG LTAT GRS AT A | T ATRST oo Z0
92 7w e frere g

eifaveorRs (Peridotite) siegr 47 AEra? TS &F
w1 ferge: oo e w@ e @@etw CO,, SiO, aqmer a2
ARAS T FCo WA I3 Aga A LoaY TS *MA 1| @¥eNI
@ dfwgeriar TS omem oAt WA v wug  antigorite,
talc, chlorite, carbonate o1 «T-Sromds  seRATeRR
Fereba et AR Wiwer | e )Tess CO, aemes
un FEIAT ger tale-carbonate sreg et T
WIS TS o o—

saaew Tope et sty W CeT-anierEm O,
e ~oRTeA-Taaes afarem (Glaucophane—Riebeckite
series) GWiPAR 1 W% *necay ofe TR @Bwere— (1)
Glaucophane—albite—chlorite—epidote—sphene, (2) Glau-
cophane—lawsonite—pumpellyite (3)  Albite—glaucophane
—jadeite) ITHN CI FLEH BN TN TH INA @
pleochroism s— X=gmter Ty @1 M T, Y=wwom
aee A1, Z=wx AW AR gee (clongation) (+)1
& Lawsonite (CaALSiO, (OH); H:0) ¢ Jadeite



8 | gl et

(NWSEO.)WWNWGWWWM
o1 (af 7% ooy smee  Blue schist facies syw
o5 Geer deat mmﬁmm YRS, F I
m')

Lo Witz sitdefores THetEfae Sitalx S
F'lsB, asfecato2s, si=nEs a2
OTASNZE
{ High grade regional metamorphic rocks : Schist, Amphi-
bolite, Granulite and Eclogite )

Bob W T PSS SRIAT W Wwe ey T
A ¥ Toyy Staurolite, Kyanite g Sillimanite geaa
ERe TeeF (57 83) 1 @% WX e WG,
AT, ACAGIRG, TGRS € GANNICH AHG o |
ONTHIENES (HTAGI AITE WA AP IAS STd APF-
OIS om Y W 9T AT MAWEA € Hiemms denY

MuscoviteQuartz=Orthoclase Sillimanite+ H,O
ZH R wa Twors 7w «f Tfenm w1 eemy  (hydrous)
«fe tts ezl (anhydrous) «fver teat zowe ! @
yiqerrier e ¥ aW.ARG tFie Tapeawe 1, Barrow [
Sillimanite zone faggae R, T2 (O T Tl 3
TR T, IR AT T (FPABE € (SO ATE
(Taarge: STUTCEFA) aiEny weLier O AiNer (et ©wTe
T W S [T 1 MG {AT ICT GO @ "MYIAM, TN I
zx, Wi (gneiss)  (Tom 88) 1

55 Tt e TR e W% T Oop oW T Areive
T A INTENLS @ CFALT AT ; APHAILG LoAT &F AT
Calcite, diopside, clinozoisite (zoisite), grossularite, -plagio-
clase, scapolite, phlogopite, quartz % *fieta m:

SRfTTIotRS ( Amphibolite ) .

Mwﬁmmﬁmm \qsﬁ’mr
s AT o WNtFLY miHS T

(Tom 99) 1 onwfors aometas U™ @ T%6 Yaw @ *meR
et mmm (elongated) zx & Tre-




Toretas s e Eas

Tatwss (oriented) zraw, a wey PopiTaS o Tmfeeonsr ora
T A AT e AR-IEAPT ATROMNT aR FWLY
B (marl), wemRity crenet wewr  tuff wetw
sfers TrmeEs T ety deat oo omw; e
«ffS s FveTae Twe  waiwaArRS dent i
Foreiae TeurR s Si, Mg @ Fe onutza sy metasoma-
ticallysrgoran 331 @35 anfwren®s B em welw
oty oy e DoAY TETe, (Wesy S Te -ortho-amphibolito
= snafees TR para-amphibolite) w1 g w3 Ste twE

o= 99

uferatmids  eerar wtqdwlrs 5w | wtarey Atadfventy
<wmin @ Ateratny ( ajtvefnd ) carniztf Bw wntn 1 Atxtw ety
WG WAA4 6T | a¥ oty vtarsfay RgfS s, Heww ¥
{ x50)
Adirondack Mountains, New York &7 *i4% |
( A.R. J. Bngel and C. G. Engel. 1963 wnita ) |

Y TR G| AT WG T Gxipeaonss bt

0 TR TG W M O, Wrrerm Ang, tarE An,,,
QTGN MRAT, (IS @ ITEWRS MW A TawT e i



30 - owghe el

aforens R ¢ PR onE!  mins owm W
TAreiae  GAIREPENRG (@Y FRHW, RS AWF e-
LT TIRAPPILE AT @ GIIAGH MG A1 7 Laferdy

MW WYT Aoy A owlaE aer
(PlntonicMetamorpbhm)

mfmsmm ™ IW ¥ TS TSR AP
FATST TH 517 ATWS ANF QR ST (T ZH | A0S 1
TP 9F FoF Ty =owR SO Bob SIor Sl W A1 AWy
(thrust) to% 3@ ar o oy w1arg =85 (shear stress)
Seomr A, ¥y oreT e ot cames  (Kata zone)
g @ (shear stress)-971 oroR TaPerza 8@ TS
ANMT | MG TYEAT OF TATOAT AP SR
[(Plutonic metamorphism) e 311 sRere: @ o srela
gFeie T, favsme: WiFTW TTo@ *Mewa siss |
TS G AT A T -TATGT @ FH S T @ TS
Tge ©-7ITss Swrew (outcrop) PeRAt IWS CARAWE !

aends omyw (Granulites)

o5 T ARSI SRR ST T ATenRs CF T
(Granulite facies) srow g 1% *MUFNINS MIATGST FiaT
QU | AERS: TomAian e GAFCS AN TS
o TR @% ALl eld S WE B 51 @ SIS
FTweiae ZH |
(F) CEDTE Eaier  qA—ad R
aTores (gneissic) - TTAT (X0 oM TEeRss ofemria
wiFle (equant) orITEre (FELT IMSAT WA TS THPHT
(fattened) grem 1 @R sneELieR BEGT TRTE GR O
TAE AW ANTT O AR, TS (PR TS (PR &
(streaky elongated quartz) ¢ Tafew <oy =s7 (layer)
fafesy @& AP (gueiss) onemerions reorfomds (Lepty-
nite) N1 GF 1T IEGW, (RS @ MAT 2 Wi
O T Do ARG ST TR ATer oG WS |
R T — Y TEA—IAS— TR —aTF RS ¥ -



TSRS *ieTe. faaaer 251

LT SRSIRT I S onem T (5w 84) 1 oA
“e-wengs” (Khondalite) am twem zwwoe: aochw wwwr
WIS MU APSGE Wt Gy W eROR
B OIS 2T Ztore T SR steteder o i
@ onees cordierite @ GRS YIS MR

(V) n@Ffam awads gt anaRs  ceber
G IR @@te Ry eReiere emtters mkataw
(TIREAIEG 6 TRIRREA) 8 MAT oMo qnw i -
T 0 TR AR T A oW sl
TR awens (noritic granulites) @ raGTaRATYTIRS
oty e oA (T56—87) 1 e e AR smecx

fsa 100
S#EE vty wigfiwfas foai tRafam  (wemafye )
AINSTHN ( aMot€rAT ), AP wrdiean cymanty 1S (w} ffye
e Razdw ) ecwtnibw i (x37) 1 ofiwteww, ntwtw |
- (R.A. Howie and A. P, Subramaniam. 1956 37{T¥ )

TIEC AT | O AR (FACIE NG AN NOH SE-
oty Homblende granulite subfacies-g7 sroe g w7 am
o ARCET Ay ey (hydrous) of ey Dot mrwe—
g g fe anhydrous| L



252 | - ol et
(7) waw$ (Chamockite) -

CHCINT ML BT GTRE Wie U 2R
oM ARE, IF Y A ALF TP &> ™ AR,
oo *marted, TR ¢ M’ (Tow 100) 1 ¥
s iey Thomas Holland (1893) sy g Chamnockite,
meMmlobCMmOMamm
@ e deRtt @ U @ PSS URE W W S e
SR WYy TG, ST Fontwa inclusions we | rErIema-
e T € YW TRWIA M-a9F! «@F et
AFEES TR TPACE  [FAMIHC ZECE ST o
TFAIAT ZCROE | YT GITIIRE 0w (A @ Tomeias
TFeT; Taver toe A. P. Subramaniam (1959) ww Ft@ ¥
vy, ofFe sRbwter  «3fe orre®s ™iace (Chamo-
ckite series) Ry 1 FTRAWPeREE Wiws (FfE)
HREATAE *MeAN T SITTRGE T TPI TG | o6
T BIOIIEG T AYS: SRSIFA IS 9o @
wiweeaee #mer I (L. L. Fermor, 1935 ; B. Rama Rao,
1945), Torg orferla 3%; Ol SYER ARG GRS
SIFIRE AT GIIIIRG TSN ST STed I

awmmis (Eclogite)

QTUMES  RTET  TOTRE AT TA ET-LonenoN
T GIWIATGR-*RCETS MAT e exgrngs (omphacite) 1
eTRS W3t wReernStoeRs  TAfarem  (diopside
jadeite serics) »n¥aTIq1  W|ver 7T GIANRTS "ﬂe!ﬂm aR
TR T QIS FRIRG ATCF |

@S *red Tewaren®s (kimberlite), s, A -
Inmies snuram layers o3 SOy 9RCS OGN ;ST R
(gneiss) ez I FTMSTAS “NUGET TG TR I 76T T
YRTS A .

mmtzﬁa%ﬂwm‘fh gfoex IPre 1 rntormt e
[N SO TS| AR [PISH S T
oTeRENES  q wRATI AAES o TF «% AT
wiecir «x Tafer gemm o smawy o376 T cobom—
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Eclogite facies 7 svesy 3 T | 0% *MNUCH SRATHE
LA T Tt aR «iwergier taa AT (wroaam 30 ewr
I 0T 55 Eww (It Pyrope. sfwfadonry), rarev-onzy
ozfem (Jadeiterich pyroxene), Fmm®s Eeoniva Swiwfs
TN @R AW @ 9 I AT 51 @ TIMNSIW I
LoOiae TR | ¥ e e e [ Ao e
IR WY STV WL | I Bo5 Gier Lot A Sow oW
Gt yfTe SovH e e TPT AR |



QYT WGy

@ TRBrRafe R g2 etstRSrer=s
. ( Ultrametamorphism and Granitization )

W (AR AT S S @ @ieRTart
IR T ; AAPSIAS TR AN A AT iiets Tea
FAe TIRTA MR FH T AW @Al e AT
T 0% FEC (SN ) TSI ZeAH T
oeER Wy Seedw  (injected) Fmres emem1 “Their
injection into rocks or imbibation by rocks, lead therefore
to processes of alkali metasomatism and especially felspa-
thization”—G. W. Tyrrell (1937)

Wsmmm«mmaﬁhwaﬁ
T I IR MSAT 507 LT I | @F MW ST
S8 (injection gneiss) @M ZH1 G¥ SNT L LCIRRL
e AR S TaTes zre U1 @IS awiResR
TIRT (AT AR AT AT T T2 IF aZSHI
injection gneiss geI A¥SI | TRE R AV AIN FAH
/M~Te 787 (Banded gneiss) sy T&-o3-Tor 7@ (lit-par-
lit gneiss) zFI G} IR W@ TATOITS YT ATNRBI
sty e Rigma wm  AiRies T smew Tv seF
teat I W ST AN RFRT 2w IR e AT
O3y TS BTG oece veined gneiss Z@d

T AT AR (T 98 AN 107 ST F, RS
TR AW AT @Y, 9EW G W effgEns Wl
vonaigwm  (ultametamorphism) @1 zH: @3 TA @
AAReq TN O W WX AT AR AT TS ANH
QR e IRME AT A At W e A @’
st a1 A afere T SENS TR TeERT I RO
W AT e B cwTers wweTae, (Anatexis) wemy
smergeretAtan (Palingenesis) zew g3  Iewms - anatexis
q% @t IJwFs za1 J. J. Sederholm  (1907-26)
Teremeen 2l QMW WIS IA 9% mm
fazae Twoaoes )
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@ it oy wme Tatwe-emem “mixed rock”
2 foemdi® (Migmatite), a7 fown w16 orue wwer =
T, (F) O mam Trreire wow wfwieT sRom
G (V) SMTRRT T AW S eI N0
AT T A fae) aeiae emetm  ommer A
I T Flw w2 MIwT EATHTRAT oA @R TN
0T AMA|  TATSIAS  osLiAE W W% SN o
g Torm e zoEe | Tmw @3S o awithT WS
oo oAl ST NN TR ARSI weeTe Qe
(Tsm 95)1
ﬁmﬁr&ém:mﬁ%ﬂmaﬁmms

(F) TRE Ty (SRt TR T WA RREI AR

(4) o= ET5E femr toate oy K, Na wear saneg otfers
S CICTCATOE SO ;2103 |

(%) Foemeeraa Infwwrer (metamorphic differention) |

() a=gfor  Term s oy @ T A wr:fw
S |

etttBEScwpt=y ( Granitization )
Granitization “includes a group of processes by which
a solid rock (without enough liquidity at any time to
‘make it mobile or rheomorphic) is made more like granite

than it was before, in minerals, or in texture and structure,
-or in both.”—F. F. Grout (1948).

adforere @3 AR sryie w3t Bfearg” Taemn-
BIRTSA TG FAW J@ AR (T AFSTTS I Ty
TR ST AT SAGIRA M1, 9AETAT @ ATeR
AR ¥,2C (¥ emanation, “ichor”, juices enfy Tty
AT TTEAT TR ) T2 ICA YA MiAede (granitize)
IS MMA @Ry AMTAGIZT G ZEAA *F SNCAT  NOMy
FAWSTA LA 6 92 I *neg Syt Toma oo e A
—os wifoweens (Mobilization) zem Tm1 s @X
N TPl T onF Taewtys (rheomorphic) maw zwi
TaorTicemm anfattremy wdfS scavere afewm, fong
wHe IO afEEE s miAleeTR Zem Wl
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arEiorerTs Tea vyl e wom @3S TS W’
S A WAE MY AT s RS g% (Pore
solution) &rgr *=F TRPUT YA IR TR Towy fror
e WAL suReY AW s “amies e (ionic
diffusion) ; Doris L. Reynolds (1944) gt rern amATeTan-
% e tovle & Na, Ca @ Si smwaw 2w e Al
Fe, g Mg wmwa faorsomm oo, u? arngficer s zowe
WA FEA | Aok e; (granitized) onew e fere o
Fe, Mg o3 <y wnets o0 A OF A ILAH1ES,
FrToEeds Ronfn moy @ ¢ SRS emew feat
FF—a? miens @ing w6 (basic front) e Zwe

PYSTF YRATHR YT 0% 07 Y5 20 S0 S
o Ty TeTedunw (ionic diffusion) wrems 4t o3 @ o wa
% ‘i o wRER tert g we werR I | u afeEE
e I W 3 gw a1 (N. L. Bowen, 1948)

A. F. Buddington (1959) wiwces @ */or &
(Kata zone) tq areigbemier SRCe A SHE T NEE
smmw (gneissic foliation) oirs, @3t wwwa e TromToRS
oW A GR 9 awRe e afevaregag Fm  (replace
ment) FT§ TENE G CAENGAT T AT IS
;2 FE (syntectonic intrusion) |

fazwag w83 «fw Wecw J. A. Dunn (1942) of wom
arETorerne e Tzwrewss wer *”%s Sy P. Misch (1949)
¥ ofemrs metasomatic granitization My TR



wg e WOt

BRI wifSors e (v
fomtafscerti=

oeemidew  (Metasomatism )

M AT BoRr WA IRRRTeE ¥ e ome
RIS H WFAIHS 0T 0H GR Fi% A S IETAS -
Srmrea,E ¥ B3 tus SRewiere (deposited) zx of afs-
AT WTewon 1 GoTATNTveE; (Metasomatism) ey ; tbTCAT-
TSR T LA W T TG "M RIS I A
AT Ty O AN w6 (W. Lindgren; V. M. Golds-
chmidt) | O TAEmMites *a SRR (introduced)
RTSS *MIaF 7o s qiqcem dfem o0; eo 93d
W TR HTFS AACPT @ I S +(faafee g

S 716 2R GRTARNICEY S 3

(1)arerem=t caswemmies (Alkali Metasomatism) ;

(2) sa-cwemmites (Lime Metasomatism) ;

(3) Trm—aeAE—TAtaes  Guwmmites  (Iron—
Magnesia—Silicate Metasomatism) ;

(4) oty (Si), f6a (Sn), @rRw (B), fafemmr (Li),
Fefam (F), g (Cl), wgrr (S) @3 wommmivs
T2 (Metasomatism introduction)

(5) e vig-wwde ofewssy (CO,-Metasomatism) ;

a8 CHCAEICSTR 0 TPeias I A0 2
Tt ; - Fe-taes ofver 7y IR AW ;
CN-IATRT G SR A% G miafwcenns, amirarieo-
st (Greisenization), giea®s (Fluorite), oiromer (Topaz),
w67 9oeRy  (Fluorapatite), gromor®3  (Phlogopite),
syeorends (Scapolite), snka®s (Pyrite), ofgdiy Pym-
hotite) wegzaw 3T AT o1 . mahw#sm(TﬂC)
teat gn (Steatization) y o

i 2 17 |

g
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o wflmq (Metamorphic Differentiation

AP TR ety (uniform) s e ® AieS
WITieT oiver. T dout o T WiNeRe @ S
TN, ONF I T TLATST IR @ o TS Tows-
fraczerey (Metamorphic Differentiation) | (z) awfwamengs
MY TYF INALIRS TAAT  afrens—amEneads o
THFR T YRS A QAT (Y) GAFREAES ey -
@oy sonia (layers) [HeIREE PoR (WF OFR KR
YRS MR, TR (1) CEOHALE TS »Ieed MW T§
sriemErs; tot e *mA—al TR aghenia omRTES
Teomiwrmn, smifore 1% TR Fen TeTR TN
(chemical potential vz FTaEET ARTA TW)  ANUEA
Sor  wmeeRiE fIemeny  venser 3w (differential
migration) @ TWH HEATE TeTREEHR ZH

(1) 1% @ @t i (shear stress) gramHer TFR
FCH (AF 2T @ O *MIIST FHEAX W SUT -
e7), (2) omeray ey wWE ATae € WA N
(Ofe (dACHT W surface  energy-3 enwl)  (3)
RO T (T FANAG AR W AT WA R
sexsolution, 4% #¥e1 IAA T ATCT 2T AR HATHER
ofw (rate of migration) fafexy =7

TarG oreCam ST oo amiNGe TS Tem @3t Te
onegay W TR wRE (veins) FEBE @R ©r7 A
IAARGT I W AR GO Tewiemm Fe )
BCR O WRISS T i Sam O3 W d
wmmmmmmmmdiﬁuﬁmm
"N, Torm T «f e mqmwﬁvr* T®
«iae 76 IS A1
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