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Figure 11.6. Upper mantle phase diagram.
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MORB source through a OIB-source upper mantle

which only rarely melts.
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Mopgenu cTpoeHnsa 3emMnu:
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. HaaBHiCcTb NOTYyXXHOI aTMOocepu

b O

OcHoBHble cocTaBnswme ammocgepb! 3eMsu —
a3ot un kucnopopa. OctanbHble rasbl: BOAAHOWU nap,

yrreKucnoTa, HeoH, MeTaH, Bogopoa u apyrve —
coctaBnaT okono 1 %. laBneHne atmoccepbl Ha
ypoBHe mopsa —1 atm = 101325 Na = 760 mm pT. CT.



[[0ONOBHI 0COONUBOCTI 3eMni 9K
nnaHeTu:

4. HagaBHICTb NOTY>XHOI atmocdoepu

MIHTEHCMBHOCTE M3NYYEHMA

MznyyeHue MornoweHue

¥ NeTpad MOneT o8 bix OTPaKEHHE KPACHbIX YINeKucnoro Tennoeoe nOFHOIJ.I,eHVIe
nyye CONHEYHbK Ny4en ra:a uany4eHue ANeKTpo-
MarHUTHOro

nany4vyeHus

aTtmoccepon.

YNeTpad MONETOBLIM CUHUK 3eneHbld KpacHbIA MHD pakpacHelp ——
AWanazoH OnuHa BoNHEI AWanasoH

3eMHas atMocpepa He NPONycKaeT XKeCTKoe KOPOTKOBONHOBOE
usnyyeHue. OgHUM U3 BaXXHEWULIMX ra3oB, NOrnoLwarLmx
ynbsTpaduoneToBble Nyyu, ABNAETCA 030H. M3-3a yxyaweHus
3Konorm4yeckom o6CTaHOBKM, Npexae Bcero, n3-3a Bbibpoca B atTmoccepy
dpeoHa 1 Apyrux akTUBHbIX BELLECTB, €ro KONIM4ecTBO Pe3Ko
YMEHbLUUIOCb, HaA4 AHTapPKTUAON N HEKOTOPbLIMU APYrMMU panoHaMu
3emnu obpasosanucbk 030HO8bI€ ObiPbIl. CnpaBeanMBOCT paau
3amMeTuM, YTO CyLlecTBYeT Apyroe MHeHue, 3aKovallleecs B TOM, YTO
O30HOBbI€ AbIPpbl — OQHO U3 NPOABMEHUN CONHEYHOW aKTUBHOCTMU. FocT KoRLBHTR LY

CoAepKaHWe 030Ha




[[0ONOBHI 0COONUBOCTI 3eMni 9K
nnaHeTu:

5. HaaBHICTb rigpocdepu

Xupgkasa ob6onoyka 3emnu, Kotopas 3aHnmaeT 361 MnH. KM2 nnu 70,8 % noBepxHoOCTHU
3emnu, Ha3biBaeTcA audpocgepoli. B okeaHax 3emnu cocpegotouveHo 97 % Bcex
3anacoB Boabl (okono 102! kr). YacTb Boabl HAX0AUTCA B BUAE Nbaa U cHera B
NonsipHbIX WankKax, a Takke B atmocdepe. CpeaHasa rmyouHa MupoBoro okeaHa —

3 900 m, makcumanbHas rinyouHa — 11 000 m (MapuaHckuu xxenob B Tuxom okeaHe).
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2l o 1 The partition coefficient for some
element y between seawater (51

and the upper crust (L'C) is:

K = X.S'H"' / X C

The residence fime t of an element
in the ocean is a function of the
mass of element ¥ in the oceans
{My} and the annual mean flux of
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= Elemental fractionation occurs during weathernng:

— Elements with high solubilities in natural waters (e.g. Na, Mg, K, Sr) have a greater potential to be
fractionated during sedimentary processing (i.e. they will not be representative of their source
composgition).

— A number of elements have very low solubilities in waters (e.g. REE) and their concenfrafions in
sedimentary rocks provide robust estimates of the average composgition of their source regions.

Determine averages of the composition of insoluble elements in fine-grained clastic
rocks or giacial deposits and use them to infer upper crust composition.
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[ApoweBckuin]
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NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)
NMPUPOAHUX CUCTEM

GROUP

IA MeoximiuHa knacudikayisa enemeHTIB
(B.M. lonbawmiar, 1933 p.)
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NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)
NMPUPOAHUX CUCTEM

OdHa 3 cy4yacHux eepciu (White, 2000)

i | Be 2eoxiMi4HOI knacudbikauii enemeHmie B Feiin e kNg
KM sc | Ti | V| Cr MnCo Ni | Cu|zn| Gal Ge A»Sc ErK
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NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)

NPUPOAHUX CUCTEM

Copnep>xXaHWe (kinokicts atomis Ha 10° atomis Si)

10'°F H, He
I'IepLu 34 BCe npuraga€emMo,
105 C, O! Mg, Si LLO.
(1) enemeHTN MaloThb Pi3HY
s|B Fe po3noBciomxeHicTe y BCeCBITI
107
i
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F. Pt, Pb
1L ¥
Li
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Maccoeoe 4yvmcno

Tak, ana CoHusA, KaM’iHUX MeTeopuTiB (XOHAPUTIB) Ta 3aranom aAns BcecBiTy BCcTaHOBMNEHO
makcimymu H, He Ta 3akoHOMipHe 3HM)XEeHHA PO3NOBCHOAXKEHOCTi 3 3pocTaHHAM Z.



NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)
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ane € v CyTTEBI BiAXUNEHHS.



NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)
NPUPOAHUX CUCTEM

BepxHsA 4YacTMHa KOHTUHEHTarIbLHOI KOpU y

4,0 T | NOPIBHAHHI 3 PO3NOBCHOOXEHICTHO Y BcecsiTi Ba Th, U
Li Zr
C, 0,
Mg, Si s

N
o
1

h i

Fe \f\ ]}Egﬂp
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Log ( uucno aTomiB kopa - XOHAPWUT )

0,0 7 M l
*H,
>0 4He Mepw 3a Bce npuragaemo
LoO:
(2) EnemeHTN MalOTb Pi3HY
po3noBclogxeHicTb 1y 3eMHUX NMopoaax
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z

Lli cyTTeBI BigXxuneHHA AnAa BepXHbOI KOHTUHEHTaNbHOI KOpY Ao6pe NOMITHI npu
NOPIBHAHHI 1T CKnaay 3 BMICTOM eneMeHTiB y xoHapuTtax (~ BcecBit ~ CoHue)



NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)
NPUPOAHUX CUCTEM

Mepw 3a BCe npuragacmo,
LLO:

(2) EnemeHTN MalOTb Pi3HY
po3noBclogxeHicTb n y 3EMHUX Mopoaax

Tpeb6a 3ayBaxuTu, WwWo obcsaru rpyn “major elements” Ta “trace elements” 3miHIOIOTLCA B 3aNeXHOCTI Bif
reosnioriYHUX yTBOpPEeHb, WO PO3rnA[AalTbCsA reoximicto (BepxHA Kopa, MaHTifA, AApo, rpaHiTn, 6asansT TOLWO).



NMoHATTA Npo Makpo- Ta MiKpoeneMeHTU (MaKkpo- Ta MiKpPOKOMMNOHEHTH)
NPUPOAHUX CUCTEM

{0
Mepw 3a BCe npuragacmo,

Lo.

(2) EnemeHTN MalOTb Pi3HY P,
po3noBclogxeHicTb n y 3EMHUX Mopoaax

Tpeb6a 3ayBaxutu, Wo obcsaru rpyn “major
elements” Ta ‘“trace elements” 3miHIOIOTLCA B
3anexHocTi Big

reosioriYHUX yTBOpPEHb, WO pPO3rnaaatTbCs N .
reoximiero (BepxHsi Kopa, MaHTifl, AAPO, rpaHiTw, lZ‘:___._ . -
6as3anbTH TOLWO). 0
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Pue. 7.1. [Tpumep COOTHOLIEHH AKTHB-
H0CTh/cOCTAaR LA KOMNoueHta i, BeLy-
urero cefa B pacTBope NeuaeansbHo, HO
noAuHHAIOmWeroca sakony TeHpw B
OrpaHHYGHHOM JHANa30He KOHUEHTPa-
nuit, HMpeansunoe noBejleHHe NOKasaHo
nJsl cpaBHeHus. AKTHBHOCTh OTJIOMKe-
Ha MO OpPJAHHATE.
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Figure 7.15. Rare earth mineral-melt partition coefficients for
mafic magmas. Data from Table 7.5.




KoedpinieHTH po3noginy enemMmeHTiB
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strength elements (HFS). Compatible elements are placed towards the bottom, left-hand
corner of the diagram. The ionic radii are from Shannon (1976) and are quoted for eight-fold
coordination to allow a comparison between elements. Some of the first transition series
metals (transition elements) and the PGE elements, are quoted for six-fold coordination.
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Hopmanisauia (HopMyBaHHS) KOHLEHTpaLUiN: pigkicHozeMernbHi enemeHTU
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7.6. Concentrations of the rare earths in the carbona-

ceous chondritic meteorite Orgueil.
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7.5. lonic radii of the lanthanide rare earth

elements (3+ state except where noted). Promethium (Pm)
has no isotope with a half-life longer than 5 years.
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Figure 7.8. Shale-normalized REE earth patterns of a Pacific
pelagic sediment (V21-196; Ben Othman et al., 1989), the Post-
Archean shale composite (McLennan, 1989), and typical seawa-

ter (Elderfield and Greaves, 1982).

Both the pelagic sediment

and seawater display a negative Ce anomaly, a consequence of
Ce being in the +4 oxidation state.



Hopmanisauia (HopMyBaHHS) KOHLEHTpaLUiN: pigkicHozeMernbHi enemeHTU
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Figure 7.6. Concentrations of the rare earths in the carbona-
ceous chondritic meteorite Orgueil.
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Figure 7.5. [lonic radii of the lanthanide rare earth
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Figure 7.15. Rare earth mineral-melt partition coefficients for C
mafic magmas. Data from Table 7.5. l
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Plot of ionic radiius vs ionic charge for trace elements of geological interest. An ionic
potential (charge/size ratio) of 2.0 subdivides the incompatible elements into low field
strength (LFS) elements, also known as large ion lithophile elements (LIL) and high field
strength elements (HFS). Compatible elements are placed towards the bottom, left-hand
corner of the diagram. The ionic radii are from Shannon (1976) and are quoted for eight-fold
coordination to allow a comparison between elements. Some of the first transition series
metals (transition elements) and the PGE elements, are quoted for six-fold coordination.
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