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%DVHG RQ WKH DXWKRUYV XQLTXH FODVVLILFDWLRQ VFKHPH
FDOOHG 3DONDOL" URFNV KDV EHHQ PDGH LQ FRPSDULVRQ ZLWK W
Petrographic Committee classification scheme (MagfaF KLV N L H « ORUH WKDQ
URFNV DFFRUGLQJ WR WKH DXWKRUYV FOdkdly and mdeNHaR  halffloK H P H
effusive rocks did not correspond to detection and nomenclature. The accomplished workchsjpeaify
the group and the row of the rocks under consideration, as well as to check out and to update the limits and
WKH VFRSH RI WKH JHQHUD RQ WKH DXWKRUYfV FODVVLILFDWLRQ
classifying the series of theagmatic rocks.

We have developed a set of state diagrams which involves a wide range of systems {r@n 4
component) and shows, in simplified form, phase transitions in regulaiogl systems of the 10
component oxide system.

We present a model ofgduction of carboraluminosilicate magmas in mantle and of alteration of
their composition when moving to the earth surface. It has been showed, that all the variety -chthesl so
SDONDOL” PDJPDV LV IRUPHG IURP WKU Hpiaritdid, TathorptdroBaddltie Brid\ PD J P
carbonbasaltic) by losing C¢) liquation and crystallization differentiation.

Theoretical elaboration has been verified by the natural examples which include a significant number
of natural exemplars (mainly, from the l&dPeninsula), which vary in size, form and composition.

The book will be of interest to a wide range of geologists and petrologists. It can also be used as a
tutorial for the students and postgraduates. Figafe35, tables+81, referencest278.
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>eyjZaebqguakaljc gZmdhju_ bf_xI ~_eh k [hevrbf gbkehf jZagh
h{t_dIh\ bkke_~hm\Zgh" "bfhklv \ deZkkhngbdtZppidob g_ Ij_[m_I| ~hdzazl_
GZ ijhly _gbb \k_c bklhjbb ]_heh]bb bkke_"h\Zl_eb azZgbfzZebkv jZz
dezZkkbnbdzZpbc h i Mhlgeh_fh gh magzZlv ba jZz[hl AZ\Zjbpdbc FZ]

Hkh[uc bgl_j_k ijhyleyeky d fZ]fZlbqg_kdibd deggdkkhbhprdZpb ¢ aZzgbfz
dhjbn_b ] _heh]bg_kdhc gZmdb fbjh\h]h fZkrlZ[Z ;he__ beb f_g__ h[hk
wlbihjh” ihy\bebkv \ KXIX_¥Ybdh]*"Z “ey bo bamqg_gby klZe ijbf_gylvky fbd
hif_qZ_|ky \ j&[alfZlbq_Kdlhgu_ ihjA(1883) ©DezZkkbnbdZpbb fZ]fZlbqg_kdbo
k fhf _glZ bo ihy\le _gby jZa\b\Zebkv ih ~“\mf jZaebqmdAijE\&keglEhf m\ya
dhebqg_kltfgghjZeh]bg_kdhfm b obfbg_kdhfm WIh ijb\_eh d ihyle_gbx j.
dhebg_kI\_gguo fbg_jZevguo b obfbg_kdbo deZkkbnbdZpbc hlebgZxsbo
\ur_ey_fuo dezkkh\ ihjh~ b ih iheh _gbx ]jZh1088, kK"m ®&@&ZkKkIX_ ggh
bf _ebkv b bf_xlky kilhdBdbgbdjpZevguo 1Zd b objfbgplkdbodeZkkbnbdZpbhb
Hg _\b~gh qlh [he__ jZpbhgZevguc ih*"oh” d "ZyghylighhagZ |knIVkufb
] _hehl]zZzfbwlh dhfie_dkgh_ bkihébvghj\Zgbgh]l]h b obfbg_kdh]h khklzZ\h\
Gh ihiuldb jzZajz[hlZlv IZdmx dhfie_dkgmx deZkkbnbdZpbx fzZ]fZlbq_kdl
mki_ohf "h gZklhys_]h \j_f_gb

DzZd hlf_qz*dky FzZ]fZlbgq_kdb_ , ~Z°_ 7~ey ]jZgblh\ ijb khihklZ\e_
dheblg\ gdbg jZevghc b obfbq_kdhc deZkkbnbdZpbb g m~Zehkv ~hklb
gbfb KgblzZz_Iky qlh ijbgbgu wlh]h djhxlky \ Ihf qglh ihjh~u koh”~gh]lh ob
bf_xI jZaebqgguc fbg_jZevguc khklz\, KhadZ_ Iky|l_fglh hkXe gy
deZkkbnbdzZpbrebq_kl‘flyghjZevgh_ b obfkqgkkdhoh”bfu b “he gu J[ulv
\aZbfhm\yaZ2pgm]hc 1ijbgbghc mkeh gyxs_c jZajzZ[hldm dhebqg_KkI\_gghc
gZau\Z |ky hlkmlklI\b_ _kl_kI\_gguo ]jZgbp f_""m jZaebqggufb Lhjh¢§Zfb A
f g m _ \ d gzZazZ” [ueb ba\_klgu ]jmiiu ihjhr qgq_Idh jZaebgZxsb_Kky
kj_"~gbz ]jZgblhb”u ~bhjblhb”u #kljgZHYghub™u mevljZhkgh¥Ygebqggu_
i_jb~rhlblu s_ehqgu_ bs\ekbgghuuh b I ~ Thwlihfm wgkhZghtipih dzdhf
mjh\g_ jZa&ldBkI\Z ijhbkoh”bl ihkl_i_gguc i_j_oh”~ f_""m ihjh~Zfb
kms_kl\mxI|l g_Idb_ _kl_kI\_ggu_ ]jZgbph[tBkgBMNZqZdhg¥vedigb_  <iheg_ ih
kms_kl\h\Zgb_ gZebgb_ [hevrh]h dhepbgckI\Z]fdldbhk Kdblod Zlhjguo ihjl
gZ hkgtbg jZevgh]h kklkhzdZmju b |_dklimju b klhjhggbdh\ IZdbo deZkkbnb«
\ wihf kerhgithevamxlky ©e_"Zsb_ gZ ih\_joghklb? k\hcklI\Z L_f [he__ ¢l
bf__Iky \hafh ghklvkgwdkij kh\hevgh Ilhgqgh hij_"~ _eylv obfbg_kdbc khkl
fbdjhahg”h\uf ZgZebahf

Ba h[ahjZ bklhjbb kharZgby deZkkbnbdZpbhgguo ko _f AZ\Zjbpdbc

kdez”u\Z_Iky \i_qzZle_gb_ qlh i_j_[jZgu \k_ \ZjbzZglu khqg_lZg
obfbg_kdhhkIZ\h\ujZ  wg\ hdkb”Zo Z deZkkbnbdZpby dhlhjZy [u hl
lj_[h\Zgbyf ij_~ty\ey fuf d 1Zdbf dzl_]hjbyf jZajz[hlhd 1Zd b g_ |

_kl_kI\_gguc \hijhk \hafh gh eb kha”~Zgb_ 1Zdhc ko_fu Zbxk&hllgja Ih i
gZklhys ¢ jZ[hlu kha”zZgb_ ijb_fe fuo deZkkbnbdzZpbc ]hjguo ihjh~*
obfbq_kdh]h khklz\zZ \ hdkb~ghf \ujz _gbb g_ ij_"klZ\ey_Ilky \ha
ih kh”_j"Zgbx hdkb~h\ g_\hafh ' gh h~rghagzZqgh ijh\_klb JjZgbipafld_"~"m
ihjh~ lhiuldZz kharZgby deZkkbnbdZpbb Jhjguo ihjh” gZ hkgh\_ ©ghjfzl
l1Zd®_ g_ m\_ggZeZkv mki_ohf

D gZklhys fm \j f gb jZajzZ[hlZgu hkgh\gu_ ijbgpbiu ihkljh_gby ¢
ko f FzZ]fZlbg_kdb_ 20): k

Z dz deykkbnbdzZpby "he gZ [ulv p_e_gZijZ\e_gghc

[ djbl_jbb jZza~_e _gby ~he gu h[ezZ”~ZIlv h[t_dlb\ghklvx e_]dh gZ[e
dh \k_f h[t_dIzZzf deZzkkbnbdZpbb

\' \k_ _"bgbpu ih*jza”~_ey_fh]lh khh[s_kI\Z ~“he gu gZclb \ deZzZkkk
hij_~_ehggb _“bgkl\_ggh_ f_klIh

] dz"~h_ ihke_"h\Zl_evgh_ jZkge_g_gb_ deZkkbnbpbjm_fh]lh fgh" _
hkms_kl\eylvky ih _“bghfm ijbagZdm



L fg_ f g _ "~h gzZklhys Jh \j_f gb g | deZkkbnbdzZpbb fzZ]fZlbq
hi\_gzZeZ [u \ur_ijb\ _I1_ph\zfgbyf

‘\lhj "Zgghc jZ[hlu ijh[e_fZfb deZkkbnbdZpbb ]Jhjguo ihjh® gZqZe &
ihkdhevdm "ey p_eobfmdalodithlh fh~_ebjh\Zgby ijhp_kkh\ h[jZahxZgby ]l
lez\gh]h gZzmqggh]lh bgl #lzZdZ Z9hhZoh~bfZ bo Xkjkjapddeby I1Zd dzd ij_
qg f fh~r_ebjh\zZlv gm gh agzZlv qlh b dzd fh”_ebjh\zZIv IThwlhfm d j_r
ijh[e_fu Z\lhj ih~hr_e kobbmpddidbo ihabpbc ihalheyxsbo ihgylv ]_g
kmsghklv k\lyab obfbqg_kdh]h dhfihg_glghdhfbghkZzvhhflhlf nZah\h]h kh
ihjh~u dhlhjZy h[jZah\ZeZkv ba wlhc fzZ]fd >»elyhWidhlb g_h[oh”~bfu [u
nbabotfbqg_kdb_ farb&bjzffu khklhygby fghlhdhfihg_glguo kbkl_f dhlhji
jZajzZ[Zlu\Zlv b bkihevah\zIyh\(g_f _fgdbh]j_g_jZpbb ZgZebazZ nzZah\uo ij_
deZkkbnbdzZpbb “bzZ]ghklbdb ihjh™ b bo kbkl_fzZlbdb Wnn_dlb\ghklv dez
obfbq_kdbo jZajzZ[hlhd ihdZaZgZ gZ ijbjh”guo ijbf_jZo Jea\g@uf h[jZahf k

< ~Zgghc jZ[hl_Z\p "k j_amewvlZlugbo bkke_"h\Zgbc ih gZmqgguf
\ eZ[hjZlhjbb fz]fzZlbafz =_heh]bg_kdh]h bgklblmlz DGP J:G ijb ihkl
Abj_dlhjh\ bgklhm];Z g B ;_evdh\z zZdz” _IfbddINMnzZgh\Z b ijhn_kkhjz
X E <hcl_oh\kadMm_gbfh_ agZg_gb_ ey nhjfbjh\Zgby Z\lhjkdhc dhgp_
deZkkbnbdzZpbb fzZ]fZlbg_kdbo ]hjguo ihjh”® bf_eb dhgkljmdlb\gu_ b i€
k Z\lhjbl_Igufb wdki_jlZzfb ]Jheh\guo bgklbImlh\=M&6< FKM IbiKULf
= ; N_jrizl_jhf G N RbgdzZj_\uf -<h[gh\helv&idbt¥ K < ?nj_fh\h
¢ FZjzZdmr_\uf E E I_jgmdhf b E G RZji_ghd ;hevrmx ihevam
\hijhkh\ ijbghblo®jm _kI\_ggu_ h[km ~_gby k dhee_]ZfeEK\r_]hZblw&lbImlZz
: G <bghl]jzrh\uf < J <_ljbguf < Y ?\a_jh\uf J F EZluih\uf F
< B Kdb[hc G ? Dhaeh\uf G H Khjholbguf b ? < FZjlugh\uf

G _hp_obxf ihfhsv \ dhfivxl_jghf hnhjfe _gbb 1Z[ebggh]lh b ]jZnbqg_ k¢
hdZaZeb GZgkmjh\Z @bklydhkKzZ HZjgmd<b knoZ

‘\lhj ]Jem[hdh ijbagZl_e_g b [eZ]h~Zj_g \k_f aZ hdZaZggmx ihfhsv b



KHDJ:S?GBY G:A<:GBC FBG?J:EH<

Aug Z\]bl HI ]Zebl Qz d\Zjp
Adl Z"mey|j Hst ]Zklbg]lkbl Krs d jkmlbl
Ak Zd_jfZgbl Hd ] _~_gl_jlbl | Ky dbZghbl
Act Zdlbghebl Hem ] _fZIbl Cam debghZfnb[he
(Hm)
Ab Zev[bl Hc ] ipbgbl Cpx debghibjhdk g
Alm ZevfiZg”"b(Gr liZgZzl Cfs debghn_jjhkbe
(Grt)
Als Zexfhkbel Grf liZnbl Cen debghwgkIlZIbl
Amp | Zfnb[he Grs lJihkkmeyj Crd dhj~b_jbl
(Am)
Anl ZgZevpbf|Di "bhikb" Crn dhjmgn”
And Zg™Zemakl Dol "hehfbl Coe dhwkbl
Adr Zg™NjZ bl |Jd “ZMN bl Kfs dZeb \uc
the \hc rizZl
Ann Zgghbl llm bevf gbl Crs djbklih[ZeDb]l
An Zghjlbl Eas bklhgbl Cum dmffbg]lhgbl
Ano ZghjlhdeZKils dZevkbebl |Lm eZjgbl
(Ln)
Atg Zglblhjbl | Cal dZevphbl Lct e _cphbl
(Co) (Lc)
Ap ZiZlbl Ccn dZgdjbgbl Marf fZ]g _abhZjn\_
Arf Zjn\_~khg| Cb dZj[hgZlguc| Mhs fZ]g _abh]Zklb¢
fbg jZe
Bdy [ZA™_e Dbl Ktp dZlhnhjbl Mhb fZ]g_abh]lhjg[e
(Bd)
Bt [bhibl Hbl jhlh\ZwfZgd| Mkt fZ]g_abhdZlzZn
Wo \heeZklhgRt(Ru)| jmlbe Mrbk | fZ]g _abhjb[ _d
Mel f ebebl Sa kZgb”~bg Mkt fZ]g_abhdzlzZn
(M) (Mkat)
Mw f j\bghbl Srp k_ji_glbg Mtm fZ]lg_abhlzjzfh
(Mer) (Mtar)
Mc fbdjhdebg Sd kb _jbl Mgs fZ]g_abl
(Mi)
Mtc fhglbg_eeg Sil kbeebfzZgbl | Mag fZ]g_Ibl
(Mo) (Mt)
Ms fmkdh\bl | Sod khrZebl Fprg n_jjhizZjlZkbl
(Sdl)
Ntr gZljhebl | Sps kKi_kkZjlbg | Frct n_jjhjbol jbl
Nsn gha_Zg Trm l|ZjZfbl Fs n_jjhkbebl
(Tar)
Ol heb\bg Ttn IblZghbl Fts n_jjhqg_jfzdbl

(Tn)




Or hjlhdeZa | Tpz lhiza Fed n_jjhw”_gbl
(Top)

Opx hjlhibjhdk Tr lj _fhebl Fec n_jjhwd_jfZgg

(Feeq

Prg iZj]Zkbl | Trd ljbr"bfbl Phl nehlhibl

Per i _jbdeZa |Fa nZyebl FI nexhjbl

Prv i _jh\kdbl | Usp mev\hribg_ ¢ Fo nhjkl_jbl

(P1)

Pgt ib hgbl Fac n_jjhzdlbghjChl oehjbl
(Feaq

Prp ibjhi Fath n_jjhzZglhnb| Zeo p_hebl
(Feath)

Pl ieZ]bhde 2 Fbrs n_jjh[ZjjmZ{Zrm pbjdhg
(Febrs) (Zr)

Fsp ihe _\hc ri Fwn n_jjh\bgqbl|Ts g _jfZdbl
(Fewn)

Rnk jZgdbghbl | Fgl n_jjhlezZmdth Spl ribg_ev

(Ran) (Feq)

Rbk jb[_dbl Fkrs n_jjhd_jkml} Afs s_ehqgghc
(Fekrs) ithe\hciZzZl

Rct jbol _jbl Eck wd_ jfZggbl | Eud w\rbZebl

(Rich)

Ed w” gbl En wgklZIbl Aeg w]lbjbg
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=eZ\IZHKGH<GU? IJBGPBIU DE:KKBNBD:PBHGGHC KO?FU

lj_~f_Ihf jZkkfhljgglkyhys ¢ jZ[hlu y\eyxlky 1Zd gZaulZ_fu_ s_ehq
g_"hkus_ggu_ -dp_fpebgha_fhf ihkdhevdm h~ghc ba gZb[he__ aZzZim
\ i_ljh]ljZnbb b kbkl_fzlbd_ fz]fZlbg_kdbo ]hjguo ihjh” kqgblZ_lky \u”
khihdmighklb ~_ cklsbleeggho ihjh” lhihprZfus gguf d\ZjpghjfZlb\guf
gZkus_gguf heb\bgghjfzlb\guf ,djihflg\ya_fgud q_ldhgh]jZznbb Z\lhjz
>m[jh\kdbc | fg f g _ 9gZ "bzl]jzffZzo khklhygby i
jZ[hl_  jZkkfzZljpzZxZah\u_ ij \jZs _gby b wlbo ihjh® gh [_a ~_IZevgh
dhlhjZy tklZ\eZ \ mdZaZgguo fhgh]jZnbyo

Ih jZkijhkljZzg_g@hlebgduhjh”u khklZ\eyxl ebrv g_agZqgbl_evgmx qZl|
hklzevguo fzZ]fZlbgq_kdbo ihjh” \ Ih \j_{imjdZdZ\ bgchf*lgebe djboh”~blky [he
iheh\bgu gZa\ZgbcKihjm}hc klhjhgu dzd hilf_gzZ_Ilky \ ij_~bkeh\bb d
€ _ehggu_ ihjh~u ijh[e_fz i_Iljh]_g_abkzZz wlbo ihjh” y\ey_Ilky h”ghc
\ kh\j_f_gghc i_ljheh]bb qlh hklZhylky ]b Whfggk Bgl_j_k d wlbf ihj
ijhyley Iky g_ lhevdh k gZmqgghc lkg&hlag gdvhcghihlkdhevdm hgb ijh*m
mgbdZevgu_ f_klhjh ™~ _gby ihe_aguo bkdhiZz_fuo nhknhjzZz Zexfbgby b
< dhgp_ ijhreh]lh klhe_ bapl i¢lwjegh g _j a ~_kylbe _Igbc bgl_j\Ze \j_f_gb
kbfihabmfu b k_fbgZju ihk\ys _ggu_ s _ehqguf ihjh?zZf b dZj[hgZlblz
fZl_jbZeu \ dhlhjuo ih”\h”"bebkv blh]b bkke_"~h\Zgbc wlbo wdahl
aZ khhi\_lklI\mxsb_ i_jblgbdbu YjKH DONDO L AHaliddr«F 1987; J. Petrol.1998).
M® g _kdhevdh 2~ _kylbé~gic ijh\h~*blky f_ ""mgZjhi*gdpyvtdkbns ggZy
ijh[e_fzf s_ehgguo ihjh” dhlhjmxBgkjldgldamblfbb b ZgZeblbg_kdhc ol
bf < B <_jgzZtkidhlklgguc B G Dh]&dh klblhfg@#d&]fzZlbg_kdb_ Jhjgu_

ihjh"(1983+ p_euc Ihf shlg\ys _ehqgguf ihjh~Zf

G _kfhljy gz ~ _|IZevgu_ bkke_~h\Zgby ] _heh]bb i_Iljh]jZnbb fbg
bahlhibb b ijh\_"wdgiibf_al j_amevliZlu dhlhjuo baeh _gu \ mdZaZzZgg
ijh[e_fzZ kbkl_fZlbdb b i_ljh]_g_abkZ wlbo ihjh” hklZ_Ikyjm{2edidh g_
deZkkbnbdZpbb b kbkl_fZlbdb s _ehqgqguo ihjhr ~ 1Zevgh jZkkfZljb\Zxlky
URFNYV kkbhédd Zpby FZ]fZ1bq,_&\dbjm]{Alkaline«, 1987; J. Petral.

\hijhk ih kbkl_fzZlbd_ s_ehqguo ihjhr ~Z°  g_ ih2gdfZhkkly]gmlthpig
khl]ezZkby ih ihgylbx@ jdhgdzZy iajHi3Zkfhljy gZ gZebqgb ZpllZdkdkiba tkd fu
DeZkkbnbdZpby« \' jZ[hl_ FzZ]fZlbqgq_kdb_« kljhlh ]h\F
fZz]fZlbg_kdbo ]hjguo ihjh” g_ hkms_kl\e_gZ < IZ[ebgghc nhjf_ ijb\h~yl
ko_fu ~h \b”~h\h]h mjh\gy ih ]jmiizf b jyrzf d dhékjuf *Zda2kyYhihkbfh\Zy
o0ZjZdl_jbklbdz ]J_heh]lby i_ljh]ljzZznby fbg_jZeh]by i_Iljheh]by < hl”
dhgdj_Igu_ ijbjh~rgu_ ijbf_ju gZ nkja\gZlbg jbdb_« 1j_~klZ\e_gguc \ 1Zdhf
\br_ fZl_jbZe azZljm~gy_| ijh\h”blv khihklZ\bl_evguc ZgZeba ihjh® gz \
LzdzZzy kbImzZpby hklzZ_lky "h gZklhys_]h \j_f_gb >ey ijbf_jzZz fh gh ijb\_Kkl
deZkkbnbdzZpbb fzZ]fZlbg_kdbo jhddhdogithp\Eyg@xljh]jZnbqg_kdhf dh”_dk

Jhkkbdb <g_f klZIvy hif _qZ |ky qglh deZkkbnbdZpby djkaZeeb_
\ "Zgghf keeh4)2Zlbqg_kdwdh j_amevlzZl jZkij_~_e_gby bo fgh _kI\Z ih kbk
gZ hkgh\Zgbb mkudghieklgdZlbdhc ijbagZdh\ hgZ aZzZdj_ iey_ | j_amey

deZkkbnbpbjm_fuo h[t_dlIh\ jZkdju\Z_| \gmlj_ggb_ k\yab f_"m kbkl_
ihjh~ b ij_~klz\ey_| \hafh 'ghklv “ey bo _~bghh[jZaghc *"bZ]ghklbdb GAh
Il ihykdky | glh ijbgylzy |_ljhdhfbl_Ihf kbkl_fzZlbdzZz djbklZeebq_kdb
le_"h\Zlghkevb ihkljh_ggZlykgBi\ _dezZkkbnbdzZpby \ ba\_klghc f_j_  mkeh
mkeh\gu kZfb IZdkhgu b bo b_bajobgloybllhxt qlh wlZ mkeh\ghkdy hij_~_
k hrghc klhjhgu hkh[_omgdkflZfiguo ih~jza” _s#\bdté dhlhju_ h[uqgh k\yaz
f ""m kh[hc ihkl_i_ggufb i_j idh?kZms_ kI\im~klZ\eyxl kh[hc kh\hdmighlk
jZagh\b~rghkl_c¢ J]hjguo ihjh~ \u®_e _ggu_ k mkeh\gufb ZgbeZffbglbjh
\ g_ij_julghf jy*m khklz\h\ ih az~zZgguf izjzf_ljzf k "~jm]lhc klhjhgt
kbkl_fzlbdb k\yaZgBhklikh_gb_f gz dhf[bgbjh\Zgghf bkihevah\Zgbb jZa
g_jZ\ghagZqguo diblgjbhbgy _kdbo \_s_kI\_gguo kljmdImjguo

ljbgylu_\ @ I|jh]jZnbg_kdhf dhXhidkbbRbkl_fZlbdZ b deZkkbnbdZz
fz]fzlbg_kdbo ]hjguo ihjhr ~Z gzZ\_jgh_ b ~jm]bo Ibih\ ih fg_gbx 2zZ\I
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N ckl\bl_evgh y\eyxlky mkeh\gufb gh g_ ihlhfm qglh ]Jhjgu_ ihjh~u k
ihkl_i_ggufh _oh”Zfb b bkihevah\Zgu jZaghjh?gu_ H_gbb*ghalglhdogu gthb
\u[jZgu lgijhlb_ b g_h~ghagZqggu_ iZjzZf_lju IZdkhgguo djbl_jb_\ Lhevdh
©lbi2 b ©dezZkk? ggdbig ihkdhevdm \h \k_o kms_klI\mxsbo delZk&bndbdzZp
\ Z\lhjkdhgth[lkgh\u\Zxlky ]_g_fbgjblkagdz Qlh ~_ dzZkzZ_Ilky hklZevguo |Z
hljyA[u\rZy ]jmiiZz ih~A[mw¥bc jyr k_f_ckl\h \b~ lh hgb \u”_e_gu hi
A _ckl\bl_evgh mkeh\gh h qg_f [he__ ih?jh[gh Sm\{hhbkkiypc\ jZz[h AN _kv
[he_ _ ~ 1Zevgh jzZkkfhljbf gZb[he_ _ ijbgpbibZevgmx ijh[e_fm fg_gb_
ijb\h~blky dzd ~hklh\_jgh mklzZzghyehjguéeh™M¥Zdl~"Zxsbc g_\hafh ghk
jZajzZ[hldb kha”zZgby kljh]hc deZkkbnbt&ypbhglddtbogkokdho+ iwjh”"

ihkl_i_ggu_ i_j_oh”~u "_ckl\bl_evgh gzZ[ex~Z_fu_ \ ijbjh~r_ Gh \ ijbjh"_
q _ldbo j_adbo ]jZgbp f_""m ihjh~Zfb M ex[hagZl_evgh]h bkke_ "~h\ZIl e
\hagbdgmiyhRh ihg_fm \ h~ghf kemqZ_ ijhbkoh”bl ihkl_i_gguc i_j_oh?
Z \ "jmHjf adbc" <k_ *_eh \ 1Zdkhgghf mjh\g_ jh~kI\Z beb koh”kI\Z dhg
"ey mklzgh\e _gby I1Zdkhggh]h mjh\gy g_h[oh”bfZ kljh]Zy defa&tkkbnbd:
\ i_Iljh]jZnbb h[jZzah\l2édkyZghddc djm] g_| deZkkbnbdZpbb ih dhlhjhc f
jZkij_™_eblv ihjh?u ih.lizdhdgzfijbgbg_ g _\hafh gh mklZgh\blv gzZ dzd

mjh\g_ ijhbkoh”bl q_ldh_ jZa”_e_gb_ ihms_KI\mX| did®gfu_ i_j_oh”"u
lh wihfm djm]m i_Iljh]jZnu €chHhybhimb e |
<jZ[hl_ >mJ[jh\kdbc Z "“hdZazZgh qlh ihkl_i_ggh i_j_oh”blv ~jm]

h~rgh]h ghjfZfb\gthevgh]h k_f_ckl\Zz Z 1zd _ ihjgZe 0@ ek gth cki\Z b §jza
\ wihf ghjfzibbhgEevghf k_f ckl\_ k baf g gb_f | jfh "bgZfbq_kdbo mkeh\
Kf_gz "_ ihjh™ f_""m k_f_ckl\Zfb hkms_kl\ey_Iky q_j_a i_j_oh”gu_ ihjh"
hl khk_~gbo ihjh® h[yazZl_evguf hlkmlkl\b_e&zhbj fbgegghlh fbgZ

| _j_" ~"hdzZazl_evkl\hf "Zggh]h |I_abkZ g_h[oh”bfh ~h]lh\hjblvky h I_
jZkkfzZljb\Z_fh]lh y\e_gby G_h[oh~bfh mlhqgblv q_f hlebgzZ_Iky ihkl_
i_j_oh~ f_""m kehyfb ihjh” jZaguo klZ”bc djbklZgeech dE @b bV phici ekb\iZl _Hu

ijbf_jolI Ol +Opx+Cpx+Pl hl _e_ aZf_lghc kf_gu nZak
ZkkhpbZpbc jZaguo fbgZe@iguo kbkl _f > Ol Opx) + Cpx+ PI
Opx + Cpx + PI @ Ijb wlihf ke_~m_I| bf_Iv [u\®/Nmkedltgh

jZaebqgblv kljmidldijlgmjgmx g_h~ghjh”rghklv ihjh” h~rghlh k-f_dkIiggh kljm
koh”kl\h jZaguo fbg _jZevguo ZkkhpbZpbc khk_"~gbo k_f cklI\ < i_j\hf k
dhebg_klI\_ggu_ g _h”ghjh~rghklb \gmljb khf tctP\g kIA-dhdbld_kI\ _ggu_
g_h”ghjh~rghklb f_"~m k_f_cklI\Zfb

Hqg_\b~gh glh wlb keh\_kgu_ jZkkm ™~ _gby ke_"m_I ih"I\_j*rblv
ij_\jZs_gbc ohly [u gZ ijbf_j3-dhhkihcglghc jZkieZzZ\gha-bkdb kl funfy
ijhf_"mlhqgufb kh_"bgbh dayf(hbk Kbkl aftéc \ wlhf kemqgzZ_ ~_eblky gZ
ih~"kbkl_dab-ac, ab-ac-b bac-b-c IjhZgZebabjm_f "\Z \ZjbZglZ nZahAulb)ij \jZs_
k mg_Ihf mkeh\bchdpykiBete njZdpbhgbjh)Zgby jbk

<ZpZzZgl: £+ kemqZch]*Z b-\b \ -dhfihg _glguo kbkl _fZo dhg_qgu_ Kk
djbklZeebazZpbb azdzggb\zZxlky_ gt dijblkdZédebazZpbb bkohtghlbkjZkuez\Z
ac-b-c ijb h[t_fghc djbklZeebazZpbb [_a njZdpbhgbjh\Zgby \ WwZhifbfAZjbzZgl
— jbk1 A Dhg_qgu_ ijh*mdlu djbklZeebaZpbb [m~Aml

fbg_jZevghc ZkkhBbAglhCc k fzZkkb\ghc |_dkimjhc b Jbib2bhfhjngha_
kljmdImjhc 1jb \ _jog _ahgZevghc jZ\gh\_kghc djbklZeebazZpbb b~" Zev
dmfmeypbb djbklZeeh\ gZ ~g_ dZf _ju Ij_g”™ djbklZeebazZpbb hklzZzg Iky |Z

kemqZ_ Ijh"mdluklZeedj®Zpbb [m~ml ij_~klZ\e _gu kehyfb keh _gguf
ijh"mdiZfb djbklZeebaZpbb gbfibbcjZkedBic kj_~ghcfbg_jZeZBb AC
b \_jogbi fbg_jZeZBWAC+C k q_ldbf i_j _oh~hf f_Am kehyfb b jZ\g

khkms_kl\mxsbfb nZazfb

LhgghdlZ_ [m~ml \_klb k_[y jZkieZ\u ihizZz"Zxsb_ alabdah bdZaecb,\ kbkl_f
k h[jZzah\Zgb_f khhI\_Ikl\mxsbo ijhmdlh\ djbklZeebazpbb WIh b _klv
g_h~rghjh~rghklb jZz\gh\_kguo fbg_jZevguo ZkkhpbZpbc h[jZzaKlZdgguo \ F
beb ihkl_i_ggh]h iJgkibZXZf ba h”ghc kbkl_fui_k_¢lkKK\pd]mx kbkl_fm
k_f_ckl\h g_ iha\heyxl kms_kl\mxsb_ ©l_jfZevgu_ [Zjv_ju& f_"~m gbfb
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JbK.Lj _g”u djbklZeebaZpbb \ Ijhcguo kbkl_fZo
Atk w\l_dlbdzflb "\mfy i_jbl_dlbdzZfb b w\Il tdlkaodirg ultkiohklZ\ jZkieZ\Z

DZd \b”gh ba lhiheh]bb ~bz]j2&ffu \'ZjbZgl\Z dibdZfb khk_~gbo ih”"k
jZkihez]lzZxlky ih\_joghklb khkms_klI\h\Zglpd&dywmphhZdlZ{hegkbklZeebaZr
dhfihg _glgXoh”ysboky \ dhgpZo dhg\gkX*hxdhihjwVewxlky ]JjZgbpzZfb f_""m
ih~"kbkl_fzfbwehhzZah\u_ ZkkhpbzZpbb b _klv i_j _oh”gu_ ihjh?u f_""m w\l
kbkl _f \ kemqzZ_ \hafh gh]lh i_j_oh”Z hl h*ghc ghg\ZjbZglgtc‘iaklkhepbZpbl

<Zjbzgl;, * kemqzZah]*Z \ ~"8mddfihg _glguo kbkl _fZo dhg_qggu_ K
dibklZeebaZpbb yl\eyxlky i_jbl_dlbg_kdbfb Lji_g”~ djbklZeebaZpbb bk
ijb h[t_fghc djbklZeebaZpbb [_a njZdpbhgbjh*zgby—fmr—~—4Zdbf

jbki, b k g jZ\ghf_jgha_jgbklhc kljmdImjhc b j Zdpbhgguf azZf_s gb_ -
ljb \_jog_ahgZevghc jZ\gh\_kghc djhkd¥gkbayzhipbtgbjh\Zgbb b dmfm
djbklZeeh\ gz ~g_ dzZf_ju |lj_g” djbklZeebaZpbb—{m24dZdbi+—

jbkl, B < wlhf \Zjbzgl_ ijb i_j_oh”_ jZkiez\Z ba h”ghc kbk
ijhbkoh”~bl bkg_agh\_gb_ h”ghc nZau b ihyle_gb_ “jm]hc azZdzZggb\Z_Ilk
kbkl_ faab-ac. LZdh_ q_j_~h\Zgb_ nZah\uo ZkkhpbZpbwkygihKh i Iggufaul:
i_j_oh~hf f_"~m ihjh~Zfb WIh j_adZy kf_gZ nZah\uo ZkkhpbzZpbc ijb i_j
fbgZevghc kbkl_fu \ Ajm]lmx \ ijhp_kk, bdjbklgeebagpbpuezZ bkihevah'
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"ey riglhle _gby g _Idbo b h*ghagZqguo ]jZgbp f_"~m khhiI\_Ilkl\mxsbfb [Zc
dhfie _dkghc deZkkbnbdZpbb
Dhjhldh hklzgh\bfky _s_ gZ h~ghf kihjghf \hijhk_ Kh \j_f_gb i

deZkkbnbdZphbc bklhjbg_kdbc h[ahj dhlhjuo ijbAZXZpopdbcjZz[hlZo
Fz]fZlbg_kdb _ ij_"eZ]Zebkv jZaebqgqgu_ \ZjbZglu hij_~ e _gby 1Zd gZe
ihjh~ b d gZklhys_fm \j_f_gb kehbbl¢h&vhkébjfbgp@& ehqgZy iAjhrZ

@hjh~rzZ s_ehgofjfzibg_kdzZy ihjh~rzZ \ dhlHklyc alghiz’qlglbevgh _
dhebq_kl\h s_ehqg_c qglh hljz"Z_Ilky \ k\h_h[jZaghf fbg_jZevghf khklzZ\_ i
ijbkmlkl\mxl s _ehqgu_ ibjhdk_gu s_ehqgu_ Zfnb[heu b n_ev”riZlhb
ihe_\ufb rizlzfb beb?[=a hgdo bqg_kdbc, kK78 K4p0);

€ _ehqgZy ihphtZ]fZIlbgq_kdZy \medZgbg_kdZy beb iemlhgbg.
\ dhlhjhc \Z'ghc khklZ\eyxs_c qZklvx y\eyxlky n_ev”riZlhb”u b beb s
beb s_ehggu_ Z¥pblhrelyZznbqg_kdbc ké&dB817ZKkv

>Zggu_ hij_~ _bBkgbyZgu gZ fbg _jZevguobdgthlg jblyol\ gbo g_ ]h\hjbl

h i_ljhobfbg_kdbo izjzf_ljZzo [_a dhlhjuo g_\hafh gh mklZgh\blv s_ehqc
\medzZgbq_kdbo ihjh” fbgbjZefundZazggu_ dzd Ibihfhjngu_ hljz zZxl
i ljhobfbg_kdlh _gbgkklb ihjhr n_ev”riZlhb?u ihy\leyxlky \ ihjh~Zo ijb g_
dj _fg_a_fhf Z s_ehqgqgu_ ibjhdk_gu zbijlzfrgb[hreluus gghklb Jebgha fl
Ke_"h\Zl_evgh khlezZkgh wlbf hij_~ e _gbyf s_ehqggZy ihjh~Z fh”_| hJ[jz
\ fz]f_ dzdfglja_fz 1zZd b Jebgha_fzZ qlh ijb”"Z_1 ihgylbx s_ehqgghklb
dhlhjzy klhjhggbdzf I1Zdh]lh ihgylby g_ iha\hey_| jZajzZ[hlZlv jZpbhg
deZkkbnbdzZpbx fZz]fZlbg_kdbp ]Jhjguo ihjh”

K BLhfd__\ NZ | M\Z hij_~_e_gby sheéBfygus_ibhqgguf k_jbyf
Z ih Ibdhdm DONDOLFzUHRENW KkDQ G WHIZLIHBN Zfb-bas_&hdmg\uf bg”_dkhf
f_ g __ . 1k [ ih B~A"bg]kock, &ldaliMd@@s)+ihjh”ru \ dhlhjuo ih\ur_ggh_
ih highr_gbx d ~jm]bf diffikig” gj'Zgb_ s_ehqg_c dhgljhebjm_I| fbg_jZev
\ hf[ugguo kemqgZyo hij_"~_ey_| gZebgb_ gZljh\uo ibjhdk_gh\ beb Zfnb[h
beb [ _a gbo k } Hij _~ eddbih fg _gbx Z\lhjz ijz\bevgh _; gh g_ kljh]h_

\ @_Iljh]ljZnbqghkddh”_dihkkbt0B djbl_jb_f ey jZa™_e_gby ]hj
ihjh~ gZ jy®u ih s _ehqghklb kem bl knO+X,3) fedkg cij Deu dhe_ [Zgbc
dhlhjhc ijbgbfZxlky jZagufb 7~ey jZaebqguo ]jmii ihjh® qlh ~_eZ_ | w
g_hij_"_e_gguf

\ deZkkbnbdzZpbBb "mgzZjh”rgh]lh khxaz ]_heh]fUGRdithch[gZmd

hlkmlkl\m _ | 1Zdkhg ©s_ehggu_ JidjgouD LM |Lhk urW DO DeZkkbnbdZphb
O Ksj_gkkagblz_1I qglh gzb[he__ ijb_fe_fh_ hij_~ e _gb_ s_ehqgl
K R_g”"hf dhlhjh_  djzZldh nhjfmebjsn elkggulZd fZ]fZlbqgq_kdb_ ihjh”L

oZjzdl_jbamxlky ijbkmlklI\b_f n_ev”riZlhb”h\ b beb s_ehqgguo ibjhdk_¢
S _ehggu_ ihjh”u

LZdh_ hij_~_e_gb_ R_g™Z \jy® eb fh'gh kqgblzZlv m~Zqghuyh”lhemaq.:
i_j_kus_gguo dj_fg_a_fhf djbl_jb_f bo s_ehqghklb y\ey_Iky ijbkmlkl\b_
b Zfnb[heh\ b g _o\ZldZ ]Jebgha fZ Z ”~ey ihjh® g _"“hkus_gguo dj _fg _a
ijbkmlkl\by n_ev”riZzlhb”h\ b ~Z°  g_ h[yaZl _evgjuoijbhkjphikk\gh\sbeh
Zfnb[heh\ < gbo fh]lml ijbkmlklI\h\ZIlv h[uqgu_ ibjhdk_gu b Zfnb[heu
hkgh\ghklb b ~Z°_ Jebgha_fbklu_ fbg_jZeu dhjmg”® fmkljdihgjlklhiza b
kh” _j"Zsb_ n_ev”riZlhb”u ihjh”ru yl\eyxlky s_ehlyjbufbkdib g feddy kh]JeZkb
ihkdhevdm \u”_e_gbeb[lWzdBAltkkhgz ih "*\mf jZ\ghagzZqguf djbl_jbyf
d "\mkfuke_gghklb qglh kh\_jr_ggh g_ iha\hebl_evgh \ kbkl_fZlbd_ [he
hit_dlh\ < ~Zgghf kemgig "h|jtlZdgggikyh~u ih ijba@detghkfv dhlhjZy
hij_~_ey_Iky ih jZaguf djbl_jbyf \ h~rghf kemqZ_ ih g_"hkus_gghklb Z
ih g_"hkus_gghklb dj_fg_a_fhf
< kbkl_fzlbd_ fz]fzZlbg_kdbo ]hjguo ihjh”™ ijh~ he Z_| nb]lmjbjh\ZIlv
_ "N _ebgb\u”_e_gbb s_ehgguo ihjh® gZqgbgZy k jZggbh& BRegkKbnbdZ
QG b dhggzZy kh\j_ f _ggufb deZkkbnbdZpbyfb S _ehqggu_ ihjh~u
I _ljh]ljZnbg_kdbc.dh”_dkHq_\b”gh qlh wim ~“\mkfuke_gghliglhv m\b”"
ihkdhevdm m™_ \ jZ[hl_ 6KDQG hgZ [ueZ mkljZzg_gZ ba deZkkbnb
ihykg_gby fhib\Zpbb

\ hij
6KD
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Ilhyle _gb_ \ fzZ]fZlbg_kdbo ihjh*Zo |_o beb bguo fbg_jZeh\
ih s_ehqgghklb 2~ _ | _jfbgbjm_Iky i IJhobqu+kldhh)lfgh7_l2j'bflhbfdmengh]h
dhebq k& B&mffhc fhe dmenguo dbeNmgOkI& D2 glh \iheg_ m[_"bl_e\
"hdZaZe R_g" fgh]hqbke_ggufb ijbf_jZzfb 6KDQG HklZ
dzZzdbf ijbgbgzZf ihke_"mxsb_ bkke_ Hgh\Zh\dpylgthd bBhaf g gbb \alJey”h\ R_
ijh"he Zxl bkihevah\zZIlv _lh jZggb_ deZkkbnbdZpbhggu_ ko _fu hl dhlhju

Djhf_ Ihl¢p_h[oh”~bfh mlhqgblv ihgylb_ | _jfbgzZz ©Z]izblghklv® kfu
dhlihjhlh ijb\_~_gu \<jZzBa_jZkbfhikd k khz\IHjzfb WIhl |_jfbg \\_"_g
\ ebl_jZI@jmMkkbg]hf "ey gkb_gbbh\uo ihjh” \ dhlhjuo bf__lky bafulhd
hlghkbl_evgh Zexfbgby lh _klv hlghr_gb_ kmffu fhe_dmeyjguo
d fhe_dmeyjghfm dhebg_kl\m gre{idgbyjhéhre  _~bgbpu : ? N_jkfZg gZ
hlghr_gb_ dhwnnbpb_glhf Z]iZzblghklb b bkihevah\Ze _]h 7*ey jZa™_e_¢d
gZ "\ _ ]jmZijuzblh\eek dhwnnbpb_glhf Z]iZzblghklb [hfédnzkdbM¥ydb powr _
_“bgbpu : ihkdhévdin "gm]b_ kh~_j ZI g_n_ebg hgb hlg_k_gu d s_el
< deZkkbnbdzZpbb I_Iljhdhfbl_IZ wlhl |_jfbg g_ bkihaevapn_Ilgyh }Zpj¥[dhqg bd
deZkkbnbdZpbb ihgyeb g _kludh\dm ~\mo |_jfbgh\ ihkdhevdm | _jfbg ©2
adq_glyi “h\hevgh kljh]lh jza~_ey_I| ihjh*u gZ ~\Z jy*"Z Z]iZblh\u_ s_et
ghjfZevghc s_ehqghklb dhlhju_ ih ijbkmbklAb¥ & ghuo hdgyh dbs _ehgguf
D Ihfm "~ _ Ibihfhjngu_ fbg_jZevgu_ ZkkhpbZpbb ZpiZblim\ed ghfbd kdbb |pblh
kms_kI\_ggh hlebgzZxlky >ey Z]iZblh\uo ihjh” ozZjzdl_jgu_ fflkkdhkjlZéu bf_
gZljbctSod Aeg Arf, Ram Mur, Eud b "] \ Ih \j_fy dzd ~ey fbzkdblh\uo ihjh~»
fbg _jZeu dZeaVmBp, FI,Cc Z 1Zd"_ fbg_jZeu pbjdhgby b IblZzgZz g_«h” _j°Z
Zrn, llm b ~j

ljbf_g_gb_ dezZkkbnbdzZpbhgghc ko_fu I_Iljhdhfbl_|Z FZd&Elbjhckdb_
aZeh™ gz ~\hckl\ _gghklv ihgbfzgby | jfbgZz ©s_ehqgghklv® d ihjh~zZf |1Z
mevihKgh\guo dhfie _dkh\ b g _n_ebgh\uf kb -gbZzjb\hhéVvkdlhdhehkkZevgh
imlZgbp_ b deZkkbnbdZpbhgguf keh ghklyf LZd gZijbedbghhlkejin\dbogghiuub h
ihjh~u wibo dhfie_dkh\ highkyl d h[ugguf ]bi_j[Zablzf Z ifibeitheydEZ dlglp \
kjzam °~_ klzZzgh\ylky s _ehqgufb g_ ]Jh\hjy m _ h ijbkmlkl\bb g n_ebgZz
ihjh~ jZkkfzljb\Z_fuo dhfie_dkh\ bf_xI dhwnnbpb_gl Z]iZblghklb f
Dhwnnbpb_gl Z]izblghklb [hevr_ _“bgbpu bf_xI bcheblg_ ehy\kiblugElhi\h
Ob[bg Kh\ _jr _ggh g_ihgylgh ijhlb\hihklZ\e _gb_ s _ehqgqguo kb_gblh\ g_
_keb ih hij_~ e gbx g_n_ebgkh” _jZsZy ihjh"Z y\eyahlkegvarighlylghguo> e
s_ehqgduitnjh”™ gz fbzZkdblh\u_ b Z]iZzblh\u_ g_gby¥_qdhlhjly_[h)Z ty\leyxlky
d deZkkbnbdzZpbhgguf ko_fzZf ihkdhevdm ihjh~u g_ kh” _j"Zsb_n_ev”riZ
Z]liZblghklb f _gvr_ _~bgbpu hlghkylky d jy*m ghjfZevghc s_eh
deZkkbnbdzZpbhgghlh IZzdkhgZ “he _g [ulv kd\haguf

BkihevagbhZ Ihevdh obfbg_kdbo beb Ilhevdh fbg_jZeh]l]bq_kdbo djbl_
kljhlh h[hkgh\Zgguo g¢g_iha\hebeh kha~Zlv 1Zdb_ deZkkbnbdZpbb ~h gz
ihgylgZ eh]bdz hljbpzZgby Ihlh glh obfbq_kdbc khklz\ ]hjgub\Zlgjhvey  fh
deZkkbnbdZpbb kzZfbo ih3hfjhxhebkkdbc <_jhylgh 1zZzdh_ fgagb_ keh
Ih]h qglh obfbg_kdbc khklz\ \ hdkb”ghf \ujZz " _gbb g_ m~Zehkv bkiheval
djbl_jby "ey bdh]hzdkhgz L_f g_ f_g_kkeg_ Admdhljuebb FZ]fZlbq_kdb_
kgblzxl glh \ hkgh\m ]_g_jZevghc deZkkbnbdZpbb ]hjguo ihjh”* ~he
obfbg_kdbc khklzZ\ Gh bf _xlky jZkoh ™~ _gby fg _gbc hlghkbl _ex¥gh \b~"
\ hdkbrghf \b~_beb ij_h[jZah\Zgghfhe jZmebigudhwnnbpb_ ghy fyx Ih
ijbgZz~e_"ghklv ]lhjguo ihjh” ¢tbilZdletzkif bg/bbj\badgh\brghfdVv_| [ulv
hij_~_e_gZ lhevdh ih fbg_jZeh]bb Ihwlhfm h[yaZl_evgh “he _g [ulv
dhjj_eypby f_"~m obfb_c b fbg_jZeh]l]b_c D |Ihfm “~_ gZ”~h ihfgblv agz
nbabg_kdhc obfbb dhfihg_glguc khklz\ kbkl_fu gHBfby_kdEZebdbdujfh”t
| _fi_jZImjzZz b "Z\y\egllky g_aZ\bkbfufb iZjzf_ |jZfb \ ijhp_kkZo nZah\uo i
\'Ih \j_fy dZd dzZg_kl\_gguc b dhebqg_kI\_gguc khklZ\ nZza fbg_jZeh]by y\
g_aZ\bkbfuo izjzf_Iljh\ <hl ihwdBprbydptggkilonithjh” “he gZ [ulv dhfie_dkghc

ljb \u[hj_ hilbfZevgh]lh ih*oh”Z d m\yad_ obfbafzZ ihjh” k bo I\_j*h
fbg_jZevguf h[ebdhf izZjz]_g_akdjlklZ¢kkhNZeeh\ b kl_deh\Zlhlc d&hjbpu
ke _“m_1| ijbgylv \h \gbfzZghl_g_btdf_kKdhc Ihqdb aj_gby fzZ]fZlbqgq_kdb
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g_ ij_"~klz\eyxl kh[hc ijhbal\hevgmx kf_kv obfbg_kdbo we_ f glh\ Z
_kl_KkKI\_gguo jZ¥begZ\igrevguo ZkkhpbZpbc gh fhhg \NkedjkiZfbyo wihexpl
| _jfhr"bgzfbq_kdbfb izjaf &jzZdhgzfb nbabqg_kdhc obfbb Gz klz~bb ]_g
khklz\ jzkiez\Z \ h[sbo q_jlZo ij_"hij_~_e_g nZah\uf khklzZ\hf djbklZe
P-T-mkeh\byfb \ ahg_ ieZ\e _gby Z 9gZ klZ"bb djbklZeebaZpbb \ f.
\u”_eyxsb_ky ba jotkkgerAévgu _, hzZzadbax hqg,jij*¥hij_~ e _gu h[sbf khklZ\h
fZ]fu b nbadblftoqg_kdbfb mkeh\byfb klZ[bevghklb kljh]lh hij_~_e_ggu
iZjZ] _g_ah\ Ke_ _"~h\zZl _evgh g | kfukezZ jzZzkkfzZljb\zZlv \k_ \hafh gu_
IZ[ebpu F_g”~_e klX*hggh h]jZgbgblv h[t_dl bkke_ "~h\Zgby klzZg~Zjlguf dh
fhr_evguo I\_jAuo nZa klZ[bevgh_ kms_kl\h\Zgb_ dhlhjuo \ az”~Zggh
m k e h \agthl "h fKb ~Z\e_@uWc *h [Z] ~“hdZaZgh wdki_jbf_glZevgh be
gZ[ex”_gbc ijbjhrguo ihjh~rguo k_jbc LZdhc ih”oh” d i_ljhobfbqg_kdl
j_Zebah\zZg \i_j\u_ \ gZzgdejbdz@kWdbfb i_ljheh]Zfb Djhkkhf B~""bg]khf
<Zrbg]lhglitfosset al., 10 ihiulz\fb ij_"~klZ\blv \kx kh\hdmighklbih&Z\guo
fz]fZlbg_kdbo ihjhr dzd dhf[bgZpbx ba klzg~Zjlguo fbgZeh\ mijt
wd\b\Ze glh\ j Zevguo fbg _jZeh\ beb bo khklZ\eyxsbo \ kemqgZ_ gZe
Qlh[u ho\zZlblv \k_ fgh]lhh[jZab_ ]hjguo ihjh” klZ\rbo bdh\dkgpuwib\ idFh]
[he \brh\ b jZagh\b”~ghkl _c Z\lhjhf gZklhys ¢ jZ[hlu gZgZevguc
fbgZeh\ [ue ~hiheg_g “h dhfihigeglh\Khkfl\_|kI\_ggh [ueZ fh”bnbpbjh
kbkl_fzZ jzkq_l1Z fbgZevgh]lh izZjZ]_g_aZ ihjhobfbqj kahé¢lvlZIg#ekddaz
ihemgb\r_c fbjh\h_ ijbagZgGIPWkbkdetAkkbnbdZpbhggmx ijZdlibdm \\_"_g.
CIPWD >m[jh\kdbc Z

Tabnhuya
Kibkhd ghjfZlb\guo fbgZeh\ kbkl _fu i j kq_1Z &,3:"
i‘i FbgZe Kbf\he Nhjfmez Fhe _dmeyjgu
1 2 3 4 5
©:dp_kkhjgu_2 fbgZeu

1 iZIbl ap 3CaOR2050.33Cak 336.31

2 GZigZizZlbl Na-ap 3Na0 B,0s B.33NaF, 355.734

3 =Zebl h NaCl 58.44

4 L _gZj"bl th Na,SO, 142.05

5 Ibjbl pr FeS 120

6 Pbjdhg z ZrO, 8i0, 183.28

7 :ZAN e bl bd ZrO, 123.22

8 Ojhfbl cm FeOR&r,0, 223.86

9 Nexhjbl fr Cak 78.1

10 <beebhfbl vl NaF 41.988

11 DZevphl cC CaOg£0, 100.091

12 | GZidZjlhgZl nc Na,0 80, 106.005

13 DZehZj[hgZl ke K,O 80, 138.211

14 FZ]g abl mc MgO 80, 84.331

15 | Kb~ jbl fc FeOBO, 116.001

16 Bevf gbl ilm FeOAIO, 151.74

17 Jmlbe ru TiO, 79.90

18 | FZ]g _Ibl mt FeORe0; 231.55

19 | = fZlbl hm FeOs 159.68

20 | LblZghbl tn CaOAIO, 8i0, 196.04

21 |1 _jh\kdbl pf(prv) CaOAIO, 135.98
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[ Kbkl _fzZlbdzZ dZeb_\uo ihjh?

Fz]fZlbg_kdb_ ]hjgu, [hWhgHOu s _ehddétbqzZxlky [hevrbf jZaghh[jZal
obfbqg_kdh]h khklz\Z b fbg_jZevguo ZkkhpbZpbc DZeb_\u_ ihjh”u
h[jZzah\Zgbyfbklmizx!| ih jZkijhkljZg_gogh&gkbdjd2elh \hjhhjZIlu_ dZeb f
hkh[_ggh gm\kl\bl_evgu d-BafkghyicykjZ\g _gbx k ihjihjzZfofb gZljb_f
hgb gzZklh ~_fhgkljbjmxl g_ihegh_ ijhoh ™ _gb_ i_jbl_dlbg_kdbo j_Zdpl
fbg_jZevgh]h khtkkkBYfZggh \lhjhkl_i_gguo, fp\pglln\ ijbgbghc \u”_e_qgt
fghlhgbke _gguo jZaghWf*glsklo cg j "dh ebrv ehdZevgh_ agZq_gb_ Fg
hkh[_ggh ba \medWdghbdBXxlky gZ \k_o dhglhd”géXgu_ ij_"klZ&lykl&ep y\
djZcg_ j_"dbfb fZnmjblwlZrejhbybkkmjblu KRuggujblu :e/Bgqghjjblu
Dhevkdblk\ i DZeb_\u_ ihjh~u h[uggh ijbmjhq_gu d jbnlh]_gguf kljmd
ij_"klZ\e_gu \ \b”_ ezZ\h\ubdjh\thdz\, d edbo km[\medZgbq_kdbo b iemlhi
l_e b keh _gu 1zZdbfb, ihZkd "Zflebeplddimglbfdnmjhlim]zZg”rbhy_g~hlu
eZfijhblufhglbg_eeblh\u_ b kex”?ygu_, id4dedhNMulu nhb”blu b nphb”heb
ik_ \"he_cpblh\u_ b -dZzZestkibZbH\u_ kb gWdZazZggu_ ihjh”ru bf_xI [hev
dhebq_kI\h jZagh)mtghiklkeh gy | bo deZkkbnbdZpbx b kbkl_fZlbdm Ihw
ijh~he blv jZ[himgbnbdZpbb ghf_gdeZlmju ,dZeZ I lihljjivd hfBZ Ithfg _
lhevdh bo < "~Zgghc jZ[hy_ jijbmewlklu kbkl_fZlbdb dZeb_\uo ihjh~
dezZkkbnbdzZpbhgghc hkgh)_ >m[jh\kdbc

Il lheh  _gb_ dZeb_\uo ihjh" \ deZkkbnbdZpbhgguo ko_fZo

;hevrh_ jZaghh[jZzab_ dZeb _\uo ihjh® b bo ki_pbnbqg _,kkPB6; hkh[_
FZ]fZlbqg_ kdBl983 @b"rdh\ Dhkixd b *7j kharzZxl keh ghklb ijb b
kbkl_fzZlbithtkdhevdm ijb jZajzZ[hld_ deZkkbnbdZpbhgghc ko_fu ijZdlbqg_Kkc
\k_ ihjhrgh_ jZaghh[jZab_ Kha”~Zgb_ jZpbhdg&ddéMyhlkldmZkkbnlh\fpbigguf
lj [h\Zgby¥&Z"ZqZ g_ ba e _]Jdbo Ijhklu_ ko fu g_ ho\Zly\ZxXetXK g k\hckl
l[im~gh \g_"jyxlky \ ijZdlbgq_kdh_ bo bkihevah\Zgb _

L KZozfz dZeb_\u_ ihjh*u *_eb#thgZg”blh)\jppmxiib dzZfZnm]blh\n
dhlhju_ ~h\hevgh aebdZxjlky ih kl_ i _gb gZkus bgd&lklibgwlih khhlghr_ gbx
dZeby k gzZljb_f Kj_"b ez@itjhihi\th\c hljimiiu \u”~_eyxlky jZagh\b~ghklb |
nehlhiblh\uc e_ckblbjl_kbl nehfjebdbgh\uc e_cpfZlthlebl Zfnb[heh\uc
e_cpblblhe  _~bl neh]lhiblh\uc e_cpblbl k “"bhikb/ hZcthfBEfib[hetreth]hibl
heb\bipe \hriZlh\uc e_cpblbl OzZjzd!l_jgufb ijbagzZdzZfb wlbo ihjh” y\eyx
kljmdImjzZ k n_ghdjbklZfp hedhblgiblBE beb e _cpblzZz \ hkgh\dhroxfzZkk_ i
e _cphbblzZzgbkluc nehMbitbilkbjbol jbZizlpb[ZjhlijZzc™ _jbl 1h\ur_gguc bgl_j k
d wilbf ihjhrzZf \hagbd \ k\lyab k gZoh™* gb_f \ gbo ZefZah\ I|hjh?*u ¢
ijb\e_dzxl \gbfzgb_ ijbknklkl{mxXstwokkhpbZpdZevkbtehd\bgf_ _ebebl
dZImglbluheb\bg*bhikb™dZevkbebl fZnmjméwm]hibPrbhikbfhglbqg _eebl
fhglbg_eeblh\u_ i_jb~hlblu b 7j <k_ dZeb_\u_ ihjh~u o0Zjzdl_jb
\ZjbZpbyfb dj_fg_a=B606%R fZ]gbWMgO=348 %) \ukhdbfb”~k j"Zgbyfb dZeby
(KO ~h , Ib1ZgH0,=38%), j_~dbo a_f_ev Fg_gb_ KZlhztaezhglhklZ[bevghklb
e cpblz \ ]Jem[bgguo mkeh\byo dZeb \u_ ihjh?u ij_"klZ\e_gu lhevc
km[\medZgbqg_kdbfphmnhpbylfd Iky gZebgb_f \ ijbjh”~_ fbkkmjblh\ b ik_\"|

kb_gblh\ KZoZzfz g_ ijb\hAbl 1Z&d h bgathjfgpb dZeb \uo ihjh~ \ b_jz
fZ]fZlbq_kdbo ihjh~
< dezkkbnbdZpbb | _Ijhdhfbl _1Z g_| hi*_evgh]h 1ZdkhgZ ~ey dZeb_

mjhwgy FzZ]fzZlbg.,kdb_ >ey \u”_e_gby dZeb_\uo ihjh® gz wlhf mjh\g_
N&O/K,O-hlghr_glZ \u”_e_ggu_ ihjh*gu_ ZkkhpbZpbb gZaulZxlky k_jbyfb

wlhlh hlghr_gby ”"ey ihjh” jZaebgguo ]jmii f_gy_Ilky ”"ey hkghihguo ih
f_.g 1 Z ey kj_fgpdd. < k_f_ckl\Zo mevljZzhkgh\guo ihjh® ghjfZevgh]lh
k _jby g_ \u”_eyadkgbmah]l]h kh”_j"Zgby s _ehq_c < hklZevguo k_f_ cklI\Z
\u”_e_gu dzd \b~h\u_ jZagh\b”ghklb eb[h dzo"ukBffhklihylklevigu_\
kZfhklhyl _evguo \b~h\ \: lkefn okilM_bIX ni ko hbilbojBd k _gh\uc ibdjbl b

dbf[_jelylnb TpaocHOBHO©BXhep\bgp\wt ofBeZe fcelldlcpblbl b heb\bgh\u
f eZzdZevkbemlbir paocHOBHUBLXfbdkbmjhly 6 WE O@a HaIXBLPTaOXBN 6 a3taNb T O
rhrhgbloc HOBHBIX Ggtadmen WhrraBlh\uc e_cpbdlbd 4 H bIX 64 _aplblhouc
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| njbl b e_cpblh\uc l|jZobd2aoZeewbix (e ocphbhhowee f eZnbghedB H bl X
dompgon#m glenmkdpb H o n tro@pblhl\uc nhglpebd H M X denbgwnatTio M gHb
ik_\"he_cpblh\uc lragdgdz\q_klI\_ k_jbZevguo jZagh\b~ghkje o d ukH 61 xckl
ra6opoumimpdbgblc HoOBHBIX (denbpgwnaTtovkmhjbixipaxe adZedB\uc
ljZobt meHnsTtdZBeb \uc khue@hblouHbXx cuWéem Nowos | gkplylJbhau#TO0B
dZeb \uc jbhZwpoblnuntaiZeb \uc jbhegbdxmpuomnmdZedbs\uc I|jZobjbhebl
we oY HbX Tpaxddabm\wmcrigBob”Zpbl :[khexlgh_ [hevrbgkkhljelZ&ghlbo i
dezZlkkbdZpbb |I_IljhdhkhblZ Iky s _ehfgufhevrZykaKlss ehqgufb
Qlh " dzkz_lky eZlhjRbtre\ZkkbnbdzZpbb |_ljhdhfbl_I|zZ Dié@kkbnbdZ
FZ]fZlbg_kdb_« 7~ey gbo g_ hdZaZehky ¥ _HWVZ evghf Ihf_ ©S_ehqgu_ ih
F4fZlbg_kdb_« hgb hibkulZxlky \ JeZ\_ ©DZeb_\u_ s_ehqgu_ fZ]fZlbg
dZeb \u_ ihjh”u mevljZhkgh\ghc ]Jjmiiu ;he__ beb f g h[hkgh\ZggZy c
ihy\bezkv iha _ EZfijhblu< wlhc jZ[hl_ eZfijhblu hijZt_é&yhlksy kd\h
\ukhdhfzZ]g_abZevguo dZeb_\uo gZkus_gguo eb[h keZ[h g_~hkus_gguo
ihjhyfozZjzdl _jbamxsboky gbadbf kh” _jZgb_f Zexfbgby b dZevpby <k_
\' eZfijhblh\mx k_jbx s_ehqggldhijjZyzZzih kh” _j"Zgbx d4Aj fdaa & gZ
gZ mevljZhkghkggrhigmx b kj_~gxx Zjkhiu\_IkI\, gglgzZz Ijb k_f_cklI\z
mevljZhkghbhdiwkgh\ge Zfijhlmlb hj gOblK_f ckI\Z gZ hkgh\_ fbg_jZevgh]h
ih” _e_gu gZ \bru mevigBkygZ\dhkgh\ghgZ iylvj_g”blhgZ Ijb \b*Z Djhf_
Ilhlhg_dhlhju_ \b”Au bf_xI ih"\b”u fbZkdblh\uc b Z]iZblh\uc
Bkke_"h\Zl_eb dZeb_\uo ihjhr @bkthd b *j k_Imxl gZqlh
\ deZkkbnbdzZpbb I_ljhdhfbl_IZ dZeb_\u_ ihjh”u g_ \u” dkhgw \ kZfhklhyl_
< deZkkbnbdzZpbb 2z\lhjz, >mPh\kdtbc_ hlkmlkl\mx|l deZkkbnbdZp
lZdkhgdaebqgzZxsb_ ihjh”u ih Ibim, aZelhlgaydvkdbgb_f ezZfijhblh\hhhturjy~rZz
dhlhjh]lh ozjzdl_jbamxlky g_ lhevdh ij_h[ezZ”Zgdh fbd@®éyZ Q) 22'e gyibl gl _f
G_ \u”_e_gu \ kzZfhklhyl evgu_ IZdkhgu b 1zZdb_ \_s klI\ ,gdiZd oZjZ
"_e_abkHiklg_abzZevghklv b gdzdvpbkhklv < dezZkkbnbdzZpbb Z\lhjz w
gZa\Zgu mdehgyfdhlhjuo ij_"ezZ]zZxlky nhjfme&ihjlZkikl\bhxisb_ ~"bz]jzffu
. "ey ihjh” jZaebggh]l]h s_ehggh]h mdehgZ jZajZ[hlZgu jZza® _evgu_ deZk
gZ mjh\g_ ~_e_gby k_f_cklI\ kle_f mg_Ifhtf dlthivihkdhevdm _kl_kI\_ggu_ Kl
liZgbpu f_""m ihjh~Zfb jZaebqgeghlhghbliZ g mklZdphe gazfijhblh\h]h
ih~"jy2Zh hgb ~he gu [ulv “h]lh\hjgufb b kd\hagufb “ey \k_o ihjh® 1j_"e
jZaebqgby IbiZz s _ehgghklb bkihevah\zZlv g_ hlghr_§dbkki\hikcb™h\e s ehqg_
Z khhlghr_gb_ bo (@tiNDAoNa+K)) beb fhe_ dm efgNegO A00/NaO + K,0))
dhebqg_kK\nhlI\_Ikl) dgZogb _\uc Ibi shikdbqlgij_~_ey_ |ky angZ@B3BbdZeb- \h
gZljb_\we=33366. b gZljb_xu=x66.6400.
ljb kbkl_fzZlbd_ dZeb_\uo ihjh" hdzaXéklgwmikéhilgjhf*gh_ jZaghh[jZak
\ Z[kljZdlgmx deZkkbnbdZpbhggmx ko_fm <iheg, dhkhjkl\ ggguhbgtgyglkgt
ij_~eh” _gghc kbbklhlyy "eapo ihglb \k_]*Z gZoh”yolbfbabladiihykg gby
H ki_pbnbg_kdbo ke 'dhlkljydb Z\lhj klhedgmeky ijb jZajzZ[hllh\hdlelkikykbnbc
\ jZ[hl_ >mJ[jh\kdiZc A”*_kv ~_ ke_"m_lg¢ZiZfeghljblf &,3:' jZajZ[hlZg "¢
ijbf _g _gby d ihjhizah\zZgguf \ \ _jog chahdhjla_fgijb hij_~ e _gguo mkeh\k
NZ\e _gby Ilhwlhfm ~ey wlbo mkeh\bc hif_qZ |ky g _IdZy dhjj_eypby f_"~m
khklz\ZdZ j_~dbfb bkdexqg_gbyfb QZklv |IZdbo bkdexq_gbc dZd jZa b hlghl
LZkhlezkgh Zehhibjfkg_1Z &h3y~hd ~_kbebdZpbb fbgZeh\ aZij_szZ_| Zkkhp|
dickp h khhi\_1klI\, bghfbg_jZeh\ ;hevrbgkl\h ihjh® ih?MI\_j"~Zx| "Zggmx aZ
Gh \ ijbjh~_ bf_xlky #fiZmmujhlu dhlhjuo ~"bhikb® b dZevkbebl gzZ&hihilky \
n_ghf_g Ch”_j, <RGHUtykgy_| ijhoh ™~ _gb_f km[kheb”mkghc h[f_gghc |
4Di + 3KIls=Fo+2Ak+3Lct, dhlhjZy j_ ZebamTlkyo00jK bP= ZLf glh mklZgh\e_gh
gZ[ex”_gbyfb gzZ” ijbjhrgufb ZkkhpbZpbyfb b wdki_jb§_ dlx\e kdgph Debhngbe
NZ\e_gby gZ wim j_Zdpbx, KejbyhVZ| féngh kha”*zZ\Zlvky 1Zdb_ mkeh\by n
ihjhdhlhju_ g_ mqgl_gu Ze]lhjblfhf igieuglhzb ggb¥b~bl d bkdexq_gbyf ba ij
?kl_kI\ ,g\ghjbjh”_ bf_xlky ihjh*u k ZkkhedZlrh \c diRhjuo h[f_ggZy j_Zdpk
g_ ijhoh”Dbl
<lhjuf ijbf_jhf g_khhlI\_IklI\by fbgZevgh]h khklz\Z k fbg_jZevguf
k .I¥KIs-ZkkhpbZp gzijbfibjkghjjbludhlhju_ ih ghjfZlb\ghfm khklZ\m hlg
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d (&-ghjfZlb\ghc ]jmii_ J _r_gbx wlhc ijh[e_fu [ueb ihk\ys _gu ki_pbZevg
dhlhjufb [ueh hij_~_e_gh ih&ph-T-gb_dpbb fhgh\ZjbZglgh]hkgiz\ghs 2lcby

(Scarfe et al. 1966) GZ ebd\b mk_ Kplmlkah fakkhpbZpbyKIs¥VFW ihyley Iky
ijb J;,0=8 d[ZjTk 750 fK

Ke ~h\zZl , eithghe _gb_ .0V \ ihjh~Zo fhyakZghlk kZaebggufb ijbgbgZz
k g_"hkus_gghklvahM\Ikb-ghjfZlb\ghc ]jmiiuk ijhoh ™ _gb_f j _Zdpbb

Fo+2Ak+3Lct=4Di+3Kls \ 9-ak-ghjfZlb\ghc J]jmii_ b ijhoh ~_gb_f j_Zdpbb
Ksf+Kls=2Lct \ IV-lc-ghjfZlb\ghc ]jmii_ Jipydefgb_ fbg_jZevguo ZkkhpbZpbc
b \hafh gh dzZd ijb kheb"mkgdobmiklehébydb"mkguo Ihwlhfm g_

ijZ\bevgh dZevkbeblh\u_ kb_gblu highkhewlpgZddlkldhuf ihjh~rzf dzd k
gZkus_gguf dZeb_f DhHO2®@. b *Zdbf ihjh”~Zf fh gh hlg_khjjZRjhVaggu_

\ 9kp-ghjfZib\ghc kbkIlhW_\j_fy dZd ik_\"he_cpblh\u_ k dZevkbeblhf kb_g
\ ,dc-ghjfzZzlb\ghc kbkl_f_

G_h[oh”~bfu ihykg_gby b h ijbgbgZo ihy\e_gby e_cpblZ b ik_\~I
jZaebqgghc kl_i_gb gZkus_gghklb dj_fg_a_fhf E_cpbl dzZd i_j\bggZy
gZ ebd\b"mk_ ijb gbadbo agZg_gbyo \h*"gh]h ~Z\e_gbg-dhfbgbeylyguo kk
"h 9kp-ghjfZlb\ghc Ghg-, \ll-gl- b ,ne-ghjfZzlb\ghc ih*"kbkl_fAey higy vy
i_jbl_dlbg_kdhg mzaJthc ijbkmlkI\b_ beb ij_\jZs_gb_ \ ik_\*"he_cpbl \ |
ih~"kbkl_f azZ\bkbl hl mkeh\bc njZdpbhgbjh\Zgby b ijhoh ~_gby i_jbl
< hklZevguo "_ ih”kbkl_fZo e_cpbl fh _| gZoh”blvkyghdZjd jZaghd_ koOByYy
P-T-mkeh\bc hg klZgh\blky g_mklhcgb\uf b kf_gy_Iky ebd\bOMkagjibc Zkk
\ukhdbo agZg_gbyo \h~gh]lh ~Z\e_gby eb[h ijb kgb ™ _gbb |I_fi_jZImju aZ
Z1j_1Zhf+1®@V 1H k khojZg_gb_f nhKounolsEnikqvietd., 199&).

?kl_kI\ ,g\&kh \ZjbZglu nZah\uo ZkkhpbZpbc k mqgzZklb_f e _cpblZ b o
keh'gh mq_Kklv ijb jZbgZkikldnbdZpbb 1j_AkdZheyulljkdgguc Z\lhjhf \ZjbZg
>m[jh\kdbc Z y\ey |ky gZb[he__ jZpbhbkgEBedgufijb kbkl_fZlbd_ dhgdj_
ihjhrguo k_jbc ij_"ez]lz_fZy deZkkbnbdzZpby g_ h]jZgbqgb\Z_| bgbp
\ ijbf_g_gbb jZaebgguo “hihegbl_evguo oZjZdhljBkZixdbm AbZ&]jKAff ggu _
hkh[_gghklb bamqgZ_fuo ihjh*

Khlezkgh jzaggthd Z\Ihjhf deZkkbnbdZphb >znpjd\kklga  \ ijbjh"_
dZeb _\u_ ihjh*u Fz]fZlbg_kdbih« fbgZevghfm KkhklZ\m qg_Ildh " _eylky
khihdmighkthbgZevguc khklzZ\ dhlhjuo ihiz”*Z'IHX jymu <_l _>ahfzZ]gb_\h]h
hljyrzZI1-Bl £+dZevpb_\h]h higyfhyZevguc khklzZ\ | _q gh jyfh\ gZkus_gguo
dj_fg_a_fhf ]@ndifbgZevguc khklZ\ dhlhjuo ihiz*"Z ~h\eibcggtgbkjfZlb\guo
]Jimii KhhI\_1kI\_ggh bo ij_"®ZdZalkglv + hj _g*blh\Zy+t dZfZnm]blh\Zy
b +ezfijhblh\Zy ZkkhpbZpbb kh\hdmighkllhj_dZdbfiuh[jihghKZolZfu
jZa™_e_gu gZ "\_ ZkkhpbZpbb ghjfZevghc s_ehqghkMNZ' pyh[klI\ bggh ehq
hj_g”Blb jy*Z (ezZfijhb)lu >ey eZfijhblh\ ~"lgkliZAbhg _i_ljhobfbqg_kdbc djbl_j
K:Al > 1 (:D), dhlhjuc g_ldh dhjj_ebjm_Iky k bo fbg_jZeh]bqgzktdb@hd hkh[_c
hikmlkINZexfhkbebdzZlh\ QZljine _ dZevpby

Il Kbkl_fzlbdz

>ey ijbf_jz jz[hlhkihkh[ghklb Z\lhjkdhcbklihekledhnBddpbbij_~klZ\bl_e
dZeb_\uo ihjh” jZaebgguo ]jmii b jy~h\ ba, jZ[hl| F3]f&hlygguk d883
;h]ZIbdh\ b ~j > _cdk b ~j Dhkixd b *j ljbagZdhf \u”_e_gby dZeb_
ihjh~ [ueh ijbgylh agZ£83,gb< \u[thin \dexq_gu wlZehggu_ ihjhfu wnnn
wdkljmab\ghc b iemlhgbglXpdie2hZpQZklv iemlkgbhiblh\u_ ibjhdk_gblu
rhgdbgblé_eZghkuggujblu b n_#]vakblu ba FZehfmjmgkdh]h s_ehqggh]h
;ZcdZEhZgh\hc jbnlh]_gghc kOmidikdjy *j >Zggu_ ihjh~u jzZzkkfzljb\zZxl
dzd ijh*mdlu djbklZeettmZpkelhbm\mhc ~bnn_j gpbZpbb _~bgh]h bkoh~g
Kuggujblu ij_"klzZ\eyxl Ibibggmx ihjh"m Kuggujkdh]lh fzZkkbd83). FzZ]fzZlI
Jbkghjjbl y\ey Iky wlzZehjhdutlZe¢ebfrizievkbeblh\h]h kb_gblZ Ob[bgkdh]h
=ZeZoh\ H[sZy o0ZjzZdl_jbklbdZ dZeb_\uo ihjh "ZgzZ \ Z[9830 FZ]f
1984).
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<k_ \u[jZggu_ ihjh~u ih deZkkbnbdzZpbb I_Iljhdhfbl_I1Z hlghkylky
s _ehqghfm jwjr2fg ¢ hkgh\lghc b mevljZhkgh\ghc ]jmii HIkmIkI\mxI| ij_ "k
ljZob~Zpblh\ jbh”rZpblh\ b-alZhdéhdjbag_ j_"~dhc \klj_qzZ_fhklb b ijzd
hlkmlkl\by j_amevlZIlh\ obfbq_kdh]h ZgZebaZz
Tab6ni®uya
Obfbq_kdbc khklz\ dZe®h\juagtbjhthc? ZkkhypEZpbbhuc
\ hdkb”"Zo b fbgZeZo &,3:', >mEHZkdbc
: | Ihjh”u
Dhfihg_¢———71 3 | 4 | 5 | 6 7 | 8
< hdkb”Zo
Sio, 3355 40.33 49.0 36.11 37.7 36.81 54.3 61.79
TiO, 1.29 2.0 3.79 5.27 3.81 3.83 0.04 0.97
Al,O; 2.94 3.02 7.4 4.72 3.2 4.01 22.94 15.75
FeO; 4.69 5.24 6.4 5.94 6.1 5.38 0.35 3.27
FeO 297 4.0 0.87 051 2.16 4.0 0.92 1.78
MnO 0.1 0.14 0.06 0.08 0.12 0.14 0.06 0.1
MgO 254 2753 9.03 7.64 24.6 234 1.16 142
CaO 9.18 6.56 4.33 1573 3.84 5.8 0.62 1.9
Na,O 0.13 0.21 0.55 0.32 043 0.47 11 14
K,0 0.47 1.07 6.6 74 5.69 474 1557 11.38
P,Os 0.29 0.22 152 1.18 1.66 2.85 g h g h
CO, 8.5 0.16 0.08 1041 0.27 0.15 g h g h
< fbgZeZo &,3:'
cc-157 | cc-0.36 | cc-0.18 | cc-2367 | cc-0.61 | cc-0.34 | ilm-0.08 | ilm-1.84
mc-3.06 | ap-0.52 | ap-3.6 ap-2.79 | ap-393 | ap-6.75 | mt-051 | mt-3.25
ap-0.69 | ilm-3.8 mt-3.0 ilm-1.25 | ilm-4.82 | ilm-7.28 | or-46.03 | hm-1.03
ilm-245 | mt-7.56 | hm-3.32 | hm-5.12 | hm-4.99 | mt-2.25 | an-3.08 | or-67.23
mt-5.99 | hm-0.03 | ru-3.79 |ru-461 |ru-1.27 |hm-262 |I1c-36.04 | ab-1184
hm-0.56 | or-6.32 | g-5.48 or-2577 | or-1747 | or-17.65 | ne-5.04 | an-3.09
or-2.78 | ab-1.78 | or-390 |ac-238 |ac-3.2 Ic-3.33 fo-2.02 | en-1.25
ab-1.1 an-4.14 | ab-1.33 | en-17.39 | en-2.71 | ac-35 fa-1.12 | di-4.93
en-39.64 | en-1444 | ac-2.93 | di-352 | di-5.06 di-7.17 c-3.15 g-5.3
fo-1398 | di-202 | en-1849 | g-1.95 fo-39.38 | f0-3849 + +
als-3.52 | f0-31.35 | di-8.6 dsk-6.91 | dsk-6.22 | dsk-2.35 + +
=zeZ\gu_ ZexfhkbebdZlgub\fbghegw d fZk
or-455 | or-8.08 | g-7.23 or-44.48 | or-23.6 or-24.34 | or-47.71 | or-718
ab-1.8 ab-2.27 | or-5143 | ac-4.12 | ac-4.33 | Ic-4.59 an-3.19 | ab-1264
en-64.96 | an-5.29 | ab-1.75 |en-30.02 | en-3.65 | ac-4.83 |1c-37.35 | an-3.3
fo-2291 | en-1845 | ac-3.86 | di-6.07 | di-6.83 di-9.89 ne-5.22 | en-1.33
als-5.78 | di-2583 | en-24.39 | g-3.37 fo-5319 | fo-531 fo-2.1 di-5.27
+ fo-40.08 | di-11.34 | dsk-119 | dsk-8.4 | dsk-3.25 | fa-1.16 | g-5.66
* * * + * * c-3.27 *
KA -10000 0.86 1.16 3.3 2.54 1.56 -2.8 0.67
Simii4y”™ |- II-< I-> [- > ->" v->" V-: I- <
Hijy~ Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg
MpumeudHmghbadhs_ehqghc dbf[_jebl FZzZ]fZlbg_¥dmlldym[dZFbj3;

2 +dbf[_jebl

3+tkm[s_ehqghc hj_g”bl >

ghjfZzevghc s_ehqgghklb

s_ehqgghc ezfijhbl
s_ehqgghc ezfijhbl
s_ehgghc ezZfijhbl

FZ]fZ|bq_kdb_«

<hklhqgqgZy Kkilgjouj

+1jZobl

DhimckdZy ijh\DgptbindRdevdZgkdbc dhfie_dk
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FEZ]fZlbX _kdbbddm[d&j fv
_cdk\kIfZebym[d@biKijbgd; 4 £l-g-ghjfZlb\guc
> ,cdk b\kjjZebyn[d&he _“Dbedk5 tll-ol-ghjfZlb\guc
> ,cdk b:VkljZeBym[d®Nee_ g™ %6 +IV-lc-ghjfZlb\guc
> ,cdk b:\kjljegbyljm[d@&Vee_g”™ & +te_cpblh\uc nhb”bl
Fz]fzlbq_,kdb_&Zcf-q_
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Tab6nadhya
Obfbq_kdbc khklz\ dZel®dziZnmhbBlh\hc? ZkkhgZbZgdbc
\ hdkb”"Zo b fbgZeZo &,3:', >mEHZkdbc

, | lhjh”u
Dhfithg_¢— 2 3 4 5 6 7 | 8
< hdkb”Zo
Sio, 35.37 39.06 37.68 4047 41.45 4052 34.48 3373
TiO; 3.87 4.36 4.82 3.52 1.2 0.74 2.83 2.24
Al,O; 6.5 8.18 7.35 5.38 7.56 1043 8.29 3.85
FeO; 7.23 4.61 8.86 4.03 441 4.66 6.7 17.27
FeO 50 4.98 515 6.47 2.96 292 3.76 0.98
MnO 0.24 0.26 0.23 0.23 0.14 0.11 0.2 0.11
MgO 14.08 17.66 9.39 24.84 112 12.65 1389 1127
CaO 16.79 104 14.58 8.06 1599 16.23 1523 20.85
N&a,O 1.32 0.18 142 0.68 0.55 111 0.92 0.23
KO 4.09 6.98 581 3.46 533 741 4.62 4,01
P05 0.74 0.61 1.18 0.29 121 0.32 091 g h
CGO, g h g h g h g h g h g h 245 4.08
< fbgZeZo &,3:"'
ap-1.75 | ap-1.44 | ap-2.79 |ap-0.69 |ap-2.87 |ap-0.76 |cc-557 | cc-9.28
ilm-7.35 | ilm-829 | ilm-9.16 | ilm-6.69 | ilm-2.28 | ilm-1.41 | ap-2.16 | ilm-231
mt-5.69 | mt-4.27 | mt-3.38 | mt-5.85 | mt-6.4 mt-6.76 | ilm-5.38 | hm-1655
hm-3.31 | hm-1.67 | hm-4.53 | 1c-16.03 | Ic-24.69 | Ic-2492 | mt-4.17 | ru-1.03
Ic-16.21 | Ic-3234 | Ic-26.92 | ne-3.12 | ne-252 | ne-5.09 | hm-3.82 | Ic-1648
ne-5.78 | ne-0.82 | ne-2.96 | di-2355 | di-342 | kp-6.82 | Ic-214 ac-2.09
kp-1.98 | di-0.69 | ac-5.77 | hd-1.05 | hd-0.08 | fo-1267 | ne-4.22 | di-9.75
ns-0.12 | fo-2491 | di-5.54 | fo-3522 | fo-5.58 |fa-0.22 | di-1261 | fo-8.26
fo-14.64 | gh-0.89 | fo-7.31 |fa-1.99 |fa-0.02 |gh-1.57 |fo-168 | ak-319
ak-3844 | ak-220 | ak-2817 | gh-1.39 | gh-2.39 | ak-36.42 | gh-4.78 | dsk-1.03
* * * ak-1.8 ak-11.02 | Feak-049 | ak-1293 *
* t t Feak-008 | Feak-0.02 t * *
=eZ\gu_ ZexfhkbebdZlgub\fbgHhegw _d fZk
Ic-2101 | Ic-7.83 | kp-19.13 | Ic-19.03 | I1c-30.67 | 1c-28.26 | Ic-29.42 | Ic-23.71
ne-7.49 | ne-1.08 | ne-3.86 | ne-3.7 ne-3.13 | ne-5.77 | ne-5.8 ac-3.0
kp-2.57 | kp-17.31 | ac-7.52 | di-27.96 | di-4248 | kp-7.73 | di-17.34 | di-14.03
ns-0.15 | di-47.15 | di-594 | hd-1.25 | hd-0.09 | fo-14.37 | fo-2309 | fo-1189
fo-1898 | fo-2545 | fo-2.19 | fo-4181 | f0-6.93 | fa-0.25 | gh-6.57 | ak-4589
ak-49.81 | gh-1.18 | ak-8.26 |fa-236 |fa-0.02 |gh-1.78 | ak-17.78 | dsk-1.48
* * * gh-1.65 | gh-2.96 | ak-4129 * *
+ + + ak-2.14 | ak-1369 | Fek-055 * *
* * * Feak-009 | Feak-0.03 * * *
KA 1.0 0.98 1.05 0.96 0.97 0.98 091 1.03
=jmitgy”™ | VII-> VI-< VI-> VI-< VI-< VII-< VI-< VI->
Hljy" Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg Fe-Mg
MpumeuyudbHoohf_ebeblbdZimg]lbl KZIWBY2+gh-f_eZe cphlcbiZnmjbl KZozfZz

1976); 3 tmel-foid-ibjhdk _g#ak-fZnmijbl
FZ]fZlbqg_kdi®83);5+f eZe cphklbhiiz_ebl
KZozflB76), 7+f _eZe cpblbllc-bedbeblbl

eZfijhblh\h]h jyrz

'hihTrg).b 7]

;h]1Z1bdh19B7)Mp £mel-foid-ibdjbkE m]Zg” bl
K,A876§,26 tlc-f _ebeblbl _gZgphbl
cjazfzZkp, 198B); Bj+lc-f _ebeblbl
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Tab6ndiya
Obfbqg_kdbc khklz\ iemlhgbqg_kdbdujZebg§guae Ahljilkb"Zo
b fbgZeZo &,3:" >m[jh\K&4 bZk

. lhjh”~u
Dhithg_ o157 3 7 2 | 5 [ 6 | 7 | 8
< hdkb”Zo
SIO, 46.59 47.48 55.76 54.39 484 5341 44.27 60.6
TiO, 0.75 0.88 0.35 0.15 1.06 0.65 1.37 0.1
Al,O; 8.12 8.22 1827 2253 1091 2112 10.73 141
FeOs 3.82 2.37 2.8 0.83 3.08 2.04 3.63 21
FeO 5.46 6.45 2.63 1.0 3.76 1.45 5.87 2.5
MnO 0.17 0.15 0.11 0.09 0.11 0.09 0.01 0.3
MgO 1258 12.08 144 0.33 9.32 0.78 13.05 20
CaO 1052 1165 154 0.56 8.81 0.95 1146 5.0
N&aO 1.88 1.47 1.6 1.06 1.86 3.92 1.07 29
KO 5.98 5.74 1389 1825 8.7 1412 4.43 89
P,Os 1.2 1.44 0.11 g h 2.26 0.0 0.83 0.10
CO, g h g h g h g h g h 0.21 g h 0.10
< fbgZeZo &,3:"
ap-284 | ap-341 | ap-026 |ilm-0.28 | ap-5.35 | cc-048 |ap-1.97 | ap-0.24
ilm-1.42 | ilm-1.67 | ilm-0.66 | mt-1.2 ilm-201 | ilm-1.24 | ilm-2.6 cc-2.27
mt-225 | mt-251 | mt-4.06 | c-0.02 mt-0.92 | mt-1.58 | mt-5.26 | mt-2.36
or-2.26 or-12.7 or-6144 | or-1902 | or-1553 | or-3495 | or-9.44 | tn-0.25
Ic-2593 | Ic-1662 | an-1.66 | an-2.78 | 1c-2813 |1c-3801 |an-114 | g-0.26
ne-4.59 ne-5.6 Ic-16.19 | Ic-69.63 | ne-4.17 | ne-16.3 Ic-13.12 | or-526
ac-6.54 ac-1.85 | ne-7.33 | ne-4.86 ac-7.08 |ac-275 | ne-49 ab-23.0
di-29.02 | di-3054 | di-2.82 fo-0.58 di-1945 | di-1.38 di-27.59 | ac-1.36
hd-6.03 | hd-8.16 | hd-1.46 | fa-0.82 hd-3.53 | hd-0.53 | hd-4.09 | di-10.74
fo-1252 | fo-1116 | fo-1.6 * f0-9.94 | fo-0.91 fo-1381 | hd-7.14
fa-3.44 fa-3.77 | fa-1.05 + fa-2.28 | fa-044 | fa-2.59 wo-0.57
=eZ\gu_ ZexfhkbebdZlgub\fbgfHegw d fZk
or-23.6 or-27.3 or-78.14 | c-0.02 or-39.7 or-6546 | or-1086 | g-0.28
kp-7.62 kp-5.15 | kp-4.84 | or-7083 | kp-8.75 | kp-11.2 |an-131 | or-54.98
ne-5.07 ne-6.19 |an-1.77 |an-2.84 |ne-462 |ne-171 |lc-151 ab-24.0
ac-7.22 ac-2.05 | ne-7.84 | kp-199 ac-7.86 | ac-2.89 ne-5.64 | ac-1.42
di-3203 | di-3377 | di-3.01 ne-4.97 | di-2159 | di-1.44 di-3174 | di-1123
hd-6.95 | hd-9.03 | hd-1.56 | fo-0.59 hd-3.92 | hd-0.56 | hd-4.7 hd-7.46
fo-1382 | fo-1234 | fo-1.71 fa-0.84 fo-1103 | fo-0.96 fo-1588 | wo-0.60
fa-3.79 fa-4.17 fa-1.12 * fa-2.53 fa-0.47 fa-2.97 +
K 1.09 1.02 0.76 -0.02 115 17 0.78 1.03
=jmitgy ] IvV-> V- > IV-< V-: V- > V- > IV-< |- >
Hljy" Fe-Mg Fe-Mg Fe-Mg Fe-Mg FeMg Fe-Mg Fe-Mg Ca

NMpumeuy & etpbdhlblhluc ibjhdk_gbl Dhibed); B +vjhgdbgbl DhkIxd1990):j
3 £ f_ezZkuggujbl DhklIxd1980);"# + dZevkbeblh\uc kuggujbl Kuggujkdbc fZ
FZ]fZIlbq_kdm88);5+n_jlmkbl Dhklxdo¥)+te_ib~"hf_eZghluc jbkqghjjbl =ZeZc
1975); 7+fbkkmjbl FZ]fZlbg 188Bp8«s_ehqghc kb_gbl FZ]fZueg3l).kdb_ «

Obfbqg_kdbc khklz\ \ hdkb”ghf b fbgZevghf \ujZz _gbb \u”_e_ggL
\ 1Z[d921 b gZ Zk&kbnbdZpbhgguo “bz]g2tfZo<kk \u[jZggu_ ihjh~u ihiZe
\ YWig-hljy”, dzZd \brghbg®, gZ jy2gmiih\hf mjh\g_ jZkij_"_ @Bk fih
4 jy~rzf ¥ k_f_cklI\zf k_f_icd &\ hlhgpdk HikmIkI\imxtklzZ\bl_e®®,9, b
., ]Jjmii <medZgbq_kdb_ ihjh”u ih kl_i_gb gZkus_gghklb dj_fg_a_fhf q_
khihdmighdibhju_ khhiI\_ITkiI\mxl ~_e gbx L, z§gZolzjfZg~"blh\mx b dZfZnm]blh
ZkkhpbZpbb 1I1hjh~u hj_g”blh\hc XakkBp]h & pikzkal-b-f 11-ol- bIV-lc-ghjfZlb\ghc
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b4 jyr"Za: tgbadhc s_ehqghiglhjfZzevghc s_ehgghkib[s_ehdggMemdehgZz

hj g~blh\lux +* km[s_ehqgimdehgz eZfijhblh\uc DzZfZnm]blh\zy ~ Z
ij_"klz\e_gzZ IlBeMdhizZfbt VI-ak-ghjfZlb\ghc bkp-@hjfZlb\ghc3 hyrZfbt
<tghjfZevghc s_ehgghkhbh[s ehqgqglemdehgZ hj _g~blh\adkmphs>ehqghc
K-mdehgZ eZfijhblh\uc

Jbk | ljhobfbgq_kdZy kbkl_fZlbdZ dZeb_\uo ihph\glz kmjfh\gkI\]jmii
Zrxihjh?u ©hj_g”blh\hc? Zkkthippizpb®dgZfZnm]blh\hc2 ZkkhpbZpbb
\tiemlhgbg_kdb_ ihjh”u
ghf_jZ nb]lmjzZlib\guo Ihg_d khhiI\_IklI\mx!| ihjy~dHej&g8E jZf ihjh" \

lemlhgbg_kdb_ ihjh”~u ih kl_i_gb gZkus_gghklb dj _fg_a_ fhf azZgbf
iheh” _gb_ f_""m hj_g”blh\hc b dzZfZnm]blh\hc ZkkhpbzZpbyfb b ijzdll
\ e_cpblghjfZlb\ghc Jjmii_ Bkdexq_gb_f yley_ Ilky, kitln[lsjuechqgidhhZe kb _
\ d\pjghjfZib\gmx ]jmiim Ih kl_i _gb gZkus_gghklb Jebgha_ fhf iemlh
jZkij_" ebebkw jhrZf :+ gbadhc s_ehgghkibghidZevghc s _ehqghklb
> + ©Ohj_g”blh\uc? km[s_ehgghc Ilemlhgbg_kdb_ ihjh~u dZeb_\h]h md
i_ljhobfb_c"Zemkv h[gZjm blv \ bf_xs_cky ebl_jZImj_ < FZehfmjmgkdhf
kj_~g_c jZkkeh_gghc k_jbb bf_xlky ~\_ ihjhru k ezZfdhbhhihcgZa\hgbfb
fZebgvblZfb b kex”ygufb ibjhghk igbdgdZon gk g_ ihiz*zZxl \ dZeb_\u_ ihj
(Dhklxd h1990)

Lzdbf h[jZzaVWkf_ dZeb_\u_ ihjh”ru -yjaiilytath mjh\g_ oZjzZdl_jbamx
AhklzZlhggh [hevrbf jZaghh[jzZzadhlthkh f Igk[m_| h[hkgh\Zggh]h h[tykg_gby
>Ze, \ ]ljZnbg_kdhf \ujz " _gbb ghdZj_4klzZ\eyxl kh[hc digébul\gZ
mjh\g_ jh~"h\ b bgdhbb pdyfb \u”r_e gby dhlhjuo y\eyxlky dhebq_klI\_ggu
©ihjh"hh[jZamxsbo? fbgZeh\ @ _eZl _evgh ey dzZ ~h]h k_f ckd\E kljhbl
ijb_fe_fh ijb fzehf dhebqg_kI\_ k_f_ckl\ >ey k_fllc&kfh ghghkbo\fjmiigb _
"bzljzff k hij_~_e_gguf k\hjzZzgb\zZgb_f b ihl_j_c¢c bgnhjfZpbb G_ p_:«

deZkkbnbdzZpbhggmx ~bZ]jghfih*gly h[hclbkv keh\_kguf ihykg_gb_f
<-g-ghjfZlb\ghc Jjpbk_ hdZaZehkv Ijb ihjhtezZfjhbd blljZdpdobl
ihize \ jh™ e_cdhdjzZlh\uohjljgodh\jh” f_eZghdjZlh\uo s_ehqghihe_\hriZ
ljZoblh\ Ih \j fy dzZzd ~ey d\ZjpghjfZlb\gh]h eZijhblZz gz wlhc ~bz]jzff_ ¢
nblmjzZlib\gZy IhqdZ ih kem*hjdZagheZkv aZ "ZjkK4ftlg&Z d\Zjp_\hc dhhj*bgZl_
>ey deZkkbnbdZpbb ezijhblh\ zZ\Ihjhf [ueZ ij_"eh _gZ hl"_evg@@y ~bZz]jZz
ki_pbZevgh 7~ey kbkl_fzlbdb d\ZjpghjfZlb\guo eZfijhblh\ Nb]mjzZlb\gZy |
eZfijhbgZ wlhc "bz]jzff_ ihizez \ ihe_ g_ZefZahghkguo ihjh”"
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Jbk Ko_fz djbklZeebashetb dORE HBx d[Z]
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